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ABSTRACT

Thies lexicon of bedrock stratigraphic names of North Dakota
consiats of a general definition of each unit as well as the history
of stratigraphic nowenclature, An attempt was made to include all
units for Rorth Dakota whether formally or informally named, or cur-
rently belng used In the state. The general definition includes
name (s) of the unit, age, area of extent, lithology, relationships
to other units, characteriatic fossils, economic significance, depo~
sitional enviromment, type gection {if one has been proposed), and
other remarks that might be significant. The history of strati-
graphic nomenclature Includes a chronological listing of the first
definition of th; unit and any changes that occurred subsequent to
the introduction of the unit. The lexicgn includes approximately
330 terms. Of these, 1% 1s in the Caubrian System, 6% are in the
Ordovician, 1% is in the Silurian, 10X are in the Devonian, 12X are
in the Mississippian, 3% are in the Pennsylvanian, 3% are in the
Permian, 1% is in the Triassic, 7% are in the Jurassic, 242 are in

rhe Cretacecus, and 32% are iIn the Tertlary System.

vii




INTRODUCTION

Purpose

In the past two decades, the geology of North Dakota has heen
receiving much attention. The eﬁanumic potential of the Williston
basin has wmotivated this attention, ag well as the academic interest
by North Dakota's universities, the North Dakota Geological Survey,
and the United States Geological Survey. Therefore, a need has devel~
oped for a lexicon of the bedrock stratigraphic unitsa of the state.
This lexicon provides an organized list of well-known units and their
definition and evolution, as well as less well-known terms and local
terms in an attempt to make this lexicon of use to as many pecple as
poasible. The academic geologist, economic geologist, and any persom
interested in stratigraphy should find this lexicon of use.

Quaternary units are not included in this lexicon because, only
recently, have stratigraphic studies been extended to include this part
of the column. Consequently, these units are in a state of confusion

because their relationships are not clearly underatood.

Methods
An incomplete preliminary list of stratigraphic units was
determined by examining publications, primerily of the North Dakota
Geological Survey, that centained sections on stratigraphy. The Lexl-

con of Geologic Names of the United States (Wilmarth, 1938, and Kercher,

1966, 1970) and Changes ip Stratigraphic Nomenclature of the U, S.

i
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Geological Survey (Cohee, Batea, and Wright, 1970a, 1970b; and Cohee and

Wright, 1972, 1974, 1975a, 1975b, 1976; and Sohl and Wright, 1977) were
consulted for the hilstory of stratigraphic nomenclature of each unit.

A Guide to the Stratigraphy of South Dakota (Agnew and Tychsen, 1965),

and Catalog of Stratigraphic Names for Montana (Balster, 1971) were

reviewed for further references for the history of stratigraphic nomen-
clature and also for any addicional stratigraphic terms for North Dakota.

The Annotated Bibliography of the Geology of North Dakota, 1806-1959

(Seott, 1872), Bibliography and Index of Geology (Geological Soclety of

America, 1971, 1872, 1973, 1974, 1975, 1976, 1977), and Bibliography of

North American Geology (U. S. Geological Survey, 1918-1973) were used to

determine additional entries for the history of stratigraphic nomencla-
ture. The bibliography of each of these publications was alsc examined
for references that may have been migsed. University of North Dakota
theses and dissertations were reviewed for unpublished information that
may be pertinent. Personnel of the Horth Dakota Geclogical Survey also
proéided local drillers' terms that had not been noted in the literature,
The literature determined from the above sources was read for
the general definition and hilastory of stratigraphic nomenclature, The
general definition includes, where applicable, all names of the strati-
graphic unit, age, areal extent, lithology, thickness, relationships to
other units, characteristic fossils, type section, and other more sub-
dective items such as economic potential, depositional environment, and
suck other remarks that may be pertinent. All parts of the definition
were derived exclusively from the literature with no personal interpre-

tations sntered.

T
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Hearly all bedrock units occur essentially throughout the
williston basin but a neighboring state or province may not use the
game namé for the same unit; lithologies also change from one area to
another possibly.résulting in a multiplicity of names for a single
unit. Cross-references are included to alleviate possible confusion,
The thickness of a unit refers to the maximum thickness in North
Dakota. The thickness at the type section was also given if it sig-
niffcantly differed from the thickness in the state. Relationships of
a unit to other units refers to whether the contacts of overlying and
ynderlying unite are conformable or unconformable. Lateral equiva-
lentg are also gilven if known. Characteristic fosslls are ligted for
units where they are known. Only the economic significance as given
in the literature was included in the general definition. If no eco-
nomic significance is indicated, the unit may etill be valuable as a
natural rescurce but its value has not been discussed in publication.
Depositional enmvironment, too, is indicated only 1f it has been dis~
cugsed in print. The type section is listed if one has been formally

proposed according to the Code of Stratigraphic Nomenclature (American

Commission on Stratigraphic Nomenclature, 1572). Otherwise, the infor-
mal type area has been included under the remarks section. The remarks
section includes "'see also' listings, and other information that might

be pertinent but did not fit under other headings. The section on his~
tory of stratigraphic nomenclature follows the usual procedure of anno~-
tating the first naming or mention of & unit and any subsequent chénges

in that original definition, resulting in s chronological list of the

usage and definition of the unit. This history is the bulk of the
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research of this thesis and involved many éaurs of searching and reading
to determine the significance of a specific publication. Decislons to
include a reference or information were generally self-evident, but not

always. The recording of change to a particular unit Includes litera-

ture of 1978 resulting in a current history of stratigraphic nomen-

clature.




GEQOLOGY OF NORTH DAKOTA

Pre—Quaternary Geologic History of North Daketa

The Williston basin is an intracratonic basin that includes
51,600 square miles in North Dakota, or approximately the western two-
thirds of the state, as well as areas adjacent to North Dakota
(Figure 1}. Up to 15,000 feet of sedimentary strata, representing
every geologic perlod, occur in this basin.

Carlson and Anderson (1966, p. 1833) summarized the history of
the Williston basin as follows:

The Upper Cambrian to Lower Ordovician Epochs are repre—
sented by the Deadwood Formation, which is a stable ghelf
deposit extending eastward from the Cordilleran geosyncline,
The Williston structural basin began to be filled in Middle
Ordovician time with a relatively thin clastic sequence
(Winnipeg Group) followed by predominantly carbonate deposi-
tion (Red River, Stony Mountain, and Stonewall Formations}.
Carbonate deposition continued through Early and Middle
$ilurian time (Interlake Formation) followed by a period of
eroaion marked by a major unconformity.

During the Middle and Upper Devonian Epochs the Williston
basin was a part of the larger western Canada basin of deposi-~
tion which was characterized by predominantly carbonate depo-
sition with a thick evaporite in the lower part {Duperow,
Nigku, Three Forks). Deposition was continuous or nearly
continuous into the Mississippian, but the center of the
Madison depoaitional basin was nearly coincident with the
l present Williston basin, Mississipplan deposits began with
predominantly carbomate deposition, evaporites increasing in
the upper part. The evaporites are mostly halite in the cen-
tral basin area and anhydrite toward the flanks of the basin.
Predominantly clastic deposition {Big Snowy Group) followed
the evaporites; another unconformity is at the top of the Big
Snowy.

The Pennsylvanian and Permian Periods are represented by
clastics with minor carbonates (Minnekahta Formation) and
| some evaporites. This was & time of slight subsidence,

5
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with the Williston basin area a part of a larger depositional
area axtending south and west. Simllar conditions continued
thkrough the Triassic with deposition of fine-grained clastics
and some evaporites, which are overlain by some nommarine red
beds and ancther unconformity.

Peterson (1972), McGookey et al, (1972), and Robinson (1972)
describe Jurassic, Cretacecus, and Tertlary sedimentation for the Rocky
Mountains as well as the interdor of the United States. Jurassic strata
are predominantly fine-grained clastics and wind-blown volcanics derived
from the Rocky Mountains and the units are the result of four marine
transgreasive-regressive cycles. North Dakota has stratigraphic evi-
dence of the second, third, and fourth marine cycles (Piper-Resson,
Rierdon, and Swift Formetions) and continental beds of latest Juras-
sic time {Morrison).

In Cretaceous time, sedimentation in North Dakota was still pre-
dominantly of fine-gralned clastics from the Rocky Mountain region, and
the area was partly or completely covered by epicontinental seas of the
Western Interior Seaway. Early Cretaceous t*;ime included the Skull Creek
marine invasion (Lakota, Fuson, Fall River, Skull Creek, Newcastle,
Dynneson, Mowry, and Dakota Formations). Four major transgressive and
regressive cycles began in the Early (retaceous and centinued through
nuch of the Tertiary time. These cycles are Greenhorn (includes Belle
Fourche, Greenhorn, and part of Carlile Formations), Niobrara (Carlile,
Niobrara, and Eagle Formations), Claggett (Plerre Formation) and Bear-
paw (top of Plerre and Fox Hills Formations). Tertiary deposits include
Tudlow, Cannonball, Slope, Bullion Cresk, Sentinel Butte, Golden Valley,
and White River Formations and were deposited on a stable alluwial

plain. During the Cretaceous and Tertiary time, volcanic activicy of

the Rocky Mountains is evidenced in North Daketa by bentonite beds.




Naming of Geologic Columms in North Dakota

Heek and Hayden published the first gecloglc column for the
Nebraska Territory in 1B62 (Figure 2), determined from their previcus
reconnaissance work of the area during the 1850s. Several of the fos-
ails collected along the Missmourl River by Meek are from the area that
is now NHorth Dakota. The emphasis of this column is on Cretaceocus
rocks as these crop out conspicuously in the Great Plains.

The first geologic column of North Dakota was introduced in
1306 by Leonard under the ausplces of the North Dakota Ceonlogical
Survey {(Figure 3). The economic Interest at this time was the clay
of the Cretaceous~Tertiary sequence in North Dakota. A fairly simple
scheme of gtratigraphic nomenclature was sufficient because sgtrati-
graphic work washonly beginning; subsurface work had not yet begun.

Laird and Towse (1949) produced a columi of units that exhib-
its growth of stratigraphic knowledge to that time (Plate 1), Shortly
afterward, the discovery of oil in the Williston basin resulted in an
"explosion" of subsurface stratigraphic information, and the econonmics
of the situation has allowed research to continue rapidly to the
present,

The North Dakota Geological Scciety published s geologic column
in 1954, during the early part of the oil boom (Figure 4). In 1966,
Carlson and Anderson presented g refinement of that colemm (Figure 5).

In the early 1970s, coal became an economic factor. Conse-
quently the upper part of the stratigraphic columm began t¢ receive

renewed attention. Partly because of this research, the North Dakota
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TABLE OF NORTH DAKQTA GEOLOGICAL FORMATIONS

FORMATIONE QCCURRING
(¥ NORTH GAXOTA

Cengzoie Eral

Pleisiocane Period, represented by.............. 4 27ift ond lacusirine de-

posits

Tartiory Period, represented by . . ... .. ... gg‘?feg:;;’:

Cratace i repr i
ataceous Period, representad by { Niobrara

| Beston
L Dakota
Pareozoie ERa
Devonion Pariod .
Stlurion Pariod, ) } rapresented by Sh“hsxgjmgsm&s and
Lambrian Peried, sondsionas

Ancrean ERA, represented By ... . .. .... ... Grenites.

Fig. 3. First geologlic c¢olumn of North Dakota {(from
Leonard, 1906, p. 66).
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Fig. 4.

North Daketa stratigraphy in 1954 {(from Nerth Dakota Geo-

logical Society, 19534, Stratigraphy of the Williston basin, flyleaf).
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SEQUENCE | SysTem | CROUP OR DOMINANT
) FORMATION LITHOLOGY
SLATIAL DPOSITE Glagial Dift
WHEITL HIVIR Clxy, Sand xpe Limastoas
LFOLDEM YALLEY Cisy, Sandé and 81t
TEIAS TERTIARY FORT  (TOMGYHE RIVER :Shale, anc Lignite
UNIGK  UANNONBSLL  (Masine Bsndstone dnd Shale
GROUP  [LuDiOW Shite ot Lignite
1 T T 7T T3 3 7 1T TP I T T E LI Y
HILL CREEX Sandatone, Ehile and Lignite
MONTLIATOR BILLE Marine Ssndatone
ADIP IPIERRAE Shaie
COLORAENTOERARR Shate, Calcatsous
CRETACIOUS GROUF CARLIIE Ghale
; Shaie, Taicoresus
Shaie
DAKCTA Shais
ZUNT GROUP | Samdstone
iShake
Sandstore asd Shaie
Sandstone and Shale
| WMCRRMSCN Shale, Clay
BUNDANCE Shale, green & a
JURAISIC Hand stuns
! PIPEL me sfOne, 7
and red Shale
TP T3y I{TTTY
3PLARFISH Siltstone, Sait and
TRIASSIC Sandstone
ABSAROKA PERMIAN MINNEFAHTS Lime stone
OPRCUE
MINNELUSA Samiztone and Dolomite
PENNSYLVANIAN AMSDEN Interbedded Dedomits Limegtons,
Shale and Sandstone
[T T TTT I T T I FT YT
BIG HEATH Shale
SNOWY OTTER Sandstone and
GROUF KIBBEY Limestone
MISSISSIPPIAN
taterheddad
Limegrons and
Evaparites
MADISON
KASKASKIA Limestone
BAKKEN Salrsrons and Shali
THREE FORES Shale, Sihstone and Dol
! BIRDBEAR Limagtone
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Geological Survey incorperated many changes in a recent geologic column
of North Dakota (Plate 2).
4 specific geologic column in the western part of the staﬁe will
differ significan#ly from a column in eastern North Dakota. Figure 6
illustrates the basin structure that causes truncation and pinching out

of units from west to sast.

Stratigraphic Nomenclature

Principles of Stratigraphic Nomenclature

The Code of Stratigraphic Nomwenclature (American Commission on

Stratigraphic Nomenclature, 1972) contains the recommendations for uni-
form ugage of gtratigraphic clasgification and terminclogy in North
America. The lode defines four categories of stratigraphic units
(Article 2): Rock-stratigraphic, soil-stratigraphic, biostratigraphic,
and time-stratigraphic. It also describes time units. T have consid-
ered primarily rock-stratigraphic units with occasiocnal references to
biostratigraphic and time-stratigraphic unitas.

A rock-stratigraphic unit is a rock stratum defined by litho-
logic characteristics. 4 subdivision of a rock-stratigraphiec unit can-
not have the same name as the rock-stratigraphic unit, as that would
regult in confusion, Mechanical log "kicks' are used te delineate
certain units in North Dakota but these "kicks" are mot used to
define a unit.

The formation is the basic rock-stratigraphic unit, and must
be 1i:hoiagically homogenecus and mappable elther on the surface or

traceable in the subsurface. A member is a subdivision of a forma-

tion and may contain recognizable beds. A group coasists of two or
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formations that may be divisibie in one area and undifferentiated in
another area, as can a formation and its members.

Rock-stratigraphic units are formal if the names are proposed
in publiication in accordance with Article 13 of the Code. Certain
names of unlts antedate the rules and are given formal status because
of the historical use 0f the terms. Informal units are those that
have not been formally proposed. The rule of priority geverally
applies when deciding upon a valid name for a rock-stratigraphic

unit.

Explanation of Ranking for North Dakota Units

Each unit name in the following section was given a ranking
so that one not familiar with the stratigraphy of Nerth Dakota would
be able to unders;aad the relative importance of each name, If the
name 1s capitalized, the atratigraphic unit has been formally pro~
posed and 18 an accepted name by the North Dakota Geological Survey
{e.g., MADISON GROUP). If the name is in upper and lower case and
underlined, the stratigraphic unit has‘been formally proposed but is

not used by the North Dakota Geological Survey (e.g., Charles Forma-

tion). If the name is in upper and lower case but not underlined,
the stratigraphic unit has been informally introduced but iz being
used in the state by the North Dakota Geological Survey (e.g.,
Poplar interval). The lowest ranking involves upper and lower case
in quotation marks and indicates that a unit has been Informally

introduced and is no longer used in the state {e.g., "™uddy sand-

stone™}.
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Each unit entered in the lexicon, arranged alphabetically, con-
tains two sections, The first section contains these subheadings: age,
area of extent, lithology, thickness, relationships to other units,
characteristic fossglla, economic significance, depositional environment,
type section (1f applicable)}, and remarks., The second section 1s a his-
tory of stratigraphic nomenclature. There are a few units that have
only a history of stratigraphic nomenclature as a complete definition

was not avallable.




LEXICON
Alamo Bluff bed (of GOLDEN VALLEY FORMATION)

Benson, W. E. B., 1952 (U, 8. Geol. Survey, Open-file Rep. p. 252}:
Lower member of Golden Valley Formation is capped by thin, lmpure
lignite or carbonmaceous shale, which locally thickens to coal bed
2«6 feet thick, named Alamo Bluff bed. Named for ruins of adobe
house called Alamo on northeast corner of sec, 28, T. 143 N.,

R, 90 W.

See also Bear Den Member.

ALASKA BENCH FORMATION (of BIG SNOWY GROUP), Limestone Member {of
AMSDEN FORMATION)

Age: Pennsylvanian,

Area of extent: . Southern Montana, southwestern North Dakota. Frobably
represented in Wyoming by dolomite and limesteone in basal Amsden.

Lithology: Excesslvely well indurated, gray, feassiliferous limestone
that weathers red. OQutcrops of hog backs and sloping benches,

Thicknegs: 100-150 feer In type area. Up to 68 feet in North Dakota.

Relationships te other units: Owverlles Tyler Formatlon and underlies
Ellis Group in type area,

Characteristic fossils: Brachiopods, corals, rare fusilinids, Includ-
ing Millerella inflecta, Paramilierella pinguis, P. circuli, P.
ampla, and P, advena, Chonetes pseudoliratus, Linoproductus
nedosua, Pugnoides guinqueplecis, and Composita suybquadrata are
restricted to and characteristic of strata of Amsden Group.

Depositional environment: Shallow seas influenced by mild cscillatory
tectonism,

Remarks: Type locality on Alaska Bench, eéat of Big Snowy Range, Fergus
County, Montana.

See also Ammsden Formation, Big Snowy Group.

17
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Bistory of stratigraphic nomenclature:

Freeman, 0. W., 1922 (Eng. Min J.-Press, v. 113, no. 19, p., 826~827):
Alaska Bench limestone is well indurated, gray, fossiliferous lime-
stone that weathers red; forms series of hogbacks and sloping benches
around Big Snowy Mountalns. Well exposed onm top of Alaska Bench,
east of Big Snowy Mountains where thickness 1s 100-150 feet. Under-
lain by 300 feet of white to red sandatones, interbedded with vari-
colored shale named Tyler gandstone. Overlain by 100 feet of non~-
fossiliferous black shale usually classified as part of Quadrent but
may, in part, belong to Ellis formation. In generalized section,
100 feet of black shale above Alaska Bench limestone are all
included in Quadrent Formation,

Mundt, P. A., 1956 {Am. Assoc. Pet. Geol., Bull, 40, oo. 8, p. 1925~
1929): Limestone ig light to dark brown and gray, with dull purplish
red mottlings. Where exposed, commonly weathera to pink, red, and
gray; weathered Alaska Bench limestone superficially resembles

’ unweathered carbonate rocks of Amsden formation. Underlies Amaden

4 formation, overlies and is gradational with Tyler Formation.

% Hadley, H. D., and Lewis, P. J., 1956 {Billings Gecl. Sock, Gdbk., 7th

Ann. Field Conf,, p. 142-143): Overlies Cameron Creek and underlies
Devils Pocket Formation (both new).

Cardner, L. S., 1959 (Am. Assoc. Pet. Gecl,, Bull., 43, no. 2, p. 332,

£ 334, 338-339, and 347): Alaska Bench limestone includes masasive
limestone sequence recognized by 0. W, Freeman (1922) and 15 simflar
and closely related to overlying beds of limestone and dolomitea that
are missing from type area but are exposed on south flank of Big

3 Snowy Mountains. Only known complete surface sectlons are in viein-

ity of Stonehouse Ranch on south slope of Big Snowy Mountaing and at
Durfee Creek. ’

Willis, R. P., 1939 {Am. Assoc. Pet. Gecl., Bull, 43, no. 8, p. 1942,
i 1963): Reallocated to member status in Amsden Formation {(restricted).

Underlies unnamed dolomite member; overlies Cameron Creek member of
3 Tyler Formation,

i Ziebarth, H. C., 1962 (Ph.D. Digsert., Univ. N. D., 414 p.): Alaaska Bench
b Formation of North Dakota includes limeatone interbedded with red and

’ gray shale. Ia distributed fairly uniformly throughout scuthwestern
North Dakota; is absent from morthern part of Hesson Anticline because
of erosional truncation or facies change to shale s0 that strata is
gimilar to underlying Tyler Formation. Thickness is 0-68 feet.

Almont sandetone (of TONGUE RIVER MEMBER of FORT UNION FORMATION)

Hennen, R. V., 1943 {Am. Assoc., Pet. Geol., Bull. 27, no. 12, p. 1573,
1580): Almont sandstone lies 35 feet above base of Tongue River
Member. Section measured along south margin of T, 138 H., R. 86
and 87 W.; sandstone forms high cliffs just above drailpage, 1 mile
south of Almont Railway Station, Mortom County, North Dskota.
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"amaranth formation'

faird, W. M., and Towse, D. F., 1949 (N. D. Geol. Surv., Rep. Invest. 2,
' pl. IT): Amaranth Formation is 75 feet of calcareous red shale at
top of Devonian.

Term used in Manitoba for equivalent of Spearfish Formation.

Amidon member {of CHADRON FORMATION)

Stone, W. J., 1973 {(Stratigraphy and sedimentary history of Mtddle Ceno-
zoic (Oligocene and Miocene) deposits in North Daketa: Ph.D. dis-
sert., Univ. N. D., p. 43-45): Amidon Member is loweat occurrence
of clay in Chadron Formation; lies unconformably above Intericr For—
mation and lies uncomformably beneath Chalky Buttes Member, <Consists
of clay and silty claystoune. Type section is south-facing exposure
near head of deep, unnamed gully at NENE sec. 15, T, 134 N., R. 101
W., Slope County about 4% miles southwest of Amidon and about 18
wiles north of Bowman, Bowman County, North Dakota.

Amsden Formation, Group

Age: Pennsylvanian {(also Mississippian locally).

Area of extent: Wyoming {excluding southern part), southern and eastern
Montana, Black Hills of Socuth Daketa, and southwestern North Dakota,

Lithology: Red shale, with limestone; cherty and sandy limestone in
type area. :

Thicknesa: 150-350 feet in type area; 400 feet in Powder River Basin
of Wyoming. Up to 380 feet in North Dakota.

Relationships to other units: Upncomformably overlies Madison Limestone
or locally unconformable over Big Snowy Group; unconformably overlain
by Broom (reek Formation.

Characteristic fossils: Chonetes pseudoliratus, Linoproductus nodosus,
Pugnoides guinqueplecis, and Composita subguadrata.

Economic significance: 01l productive in central Montana.

Jepositional environment: Maripe., BShallow csgcillatory sea, local
Intermittent restriction. Minor tectonic movements caused thin
interbeds of differing lithologles, lenticular beds, locgl dia~-
stems, and increased evaporite depomsition,
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Remarks: Type locality along Amsden Branch of Tongue River, west of
Dayton, Wyouning.

gee also Medora lithozone, Dickinson lithozone, and Bismarck lithozone.

gistory of stratigraphic nomenclature:

parton, N. H., 1904 (Geol, Scc. Am., Bull., 15, p. 394-401): Amsden
Formation consists of red ghale, white limestone, and cherty and
sandy limestone., Underlies Tensleep sandstone and overlies, with~
out apparent unconformity, Little Horn limestone. [Now replaced
by Madison limestone.] Named for Amsden Branch of Tongue River,
weat of Davton, Wyoming., Total thickness, 150-350 feet.

Branson, E. B., and Gregor, D, K., 1818 {(Geol, Soc. Am,, Bull. 25, no.
2, p. 309-326): Amsden of Wind River Mountains Is Mississipplan,

Scott, H. W., 1935 (J. Geol., V. 43, no. 8, pt. 2, p. 1017, 1020-1023):
In type locality, Amaden consists of all beds between top of Madison
Limestone and base of Tensleep formation. Originally considered
Pennsylvanian; Wind River area Amsden is Mississippian., 1In south
central Montana, Amsden rests on erosiomal surface developed on
Madisen limestone. Between Three Forks and Townsend, Big Snowy
Group (1200 feet of fossiliferous sandastone, shale and limestone)
separates Madison and Amsden formationg. In central Montana, Amg-
den underlies Ellis formation (Late Jurassic). Section measured
on southeagt side of Quadrent Mountain (type section of Quadrent)
shows Amsden formation (beds 1-7) 109 feet thick: underlies Quad-
rent Formation (beds 8-21); overlies Madison Limestone.

Branson, C. C., 1938 {Geol. Soc. Am., Proc. 1935, p. 391): Lower part
of Amsden Formation is Missilssippian; 1s deasignated Sacajawea Forma-
tion, with type section at Bull Lake Creek., Upper part of Amsden is
Pennsylvanian; is not separable stratigraphically or faunally from
rest of Tensleep.

Berry, G. W., 1943 {Geol., Soc. Am., Bull. 54, no. 1, p. 18~19, 21):
Amaden in Three Forks area, overlies Madison formation and under~
lies Quadrent. Lower part, probably equivalent to Sacajawea, con-
taing upper Mississippian fauna, beds in upper 100 feet contain
Pernmsylvanian fosseils.

Perry, E. S., and Slosa, L. L., 1943 {Am. Assoc. Pet. Geol,, Bull. 27,
no. 10, p. 1293-1295): 3Between redefined Tenasleep (Quadrent) and
Sacajawea {lower beds of Ste. Genevieve fauna) are unnamed beds with
Chesteran fauna traceable throughout central Montana and much of
Williston Basin, overlapping truncated edges of Big Snowy strata,
apd transgressing over peninsula area with no Bi{g Snowy or Sacajawea
sediments along Montana-Wyoming border. Term Amsden should be
retalined in these strata of Montana and Williston or new term
coined,
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Sless, L. L., 1946 (in Gardper, L. 5., and others, Mont. Bur. Mines and
Geol,, Mem. 24, 100 p.): Mississippian-Pennsylvanian boundary is
within carbonate sequence of Amsden in Montana., Amsden of northern
Wyomlng is younger than Amsden of central Montana.

8loss, L. L., 1952 (Billings Geol, Soc., Gdbk., 3rd Ann. Field Conf.,
p. 63): Amsden of Williston Basin probably represented by Minne-
lusa formation as suggested on cross section.

Scott, W. F., and Wilson, P. C., 1953 (Geol. Soc. Am., Bull. 64, no.
12, pt. 2, p. 1554 abs.): Sacalawea restricted vertically to
include only red-bed sequence at base of Amsden and extended
laterally wherever red beds are recognizable. Amsden retalned
for limestones and dolomites between Sacalawea (restricted) and
Tensleep or 1ts equivalents.

Shaw, A. B., and Bell, W. G., 1955 (Am. Assoc. Pet. Geol., Bull, 39,
no. 3, p. 333-337): Fossils from lower part of Amsden formation
at Cherry Creek, Wind River Mountains, place Missisaippian~
Pennsylvanian boundary between 48 and 63 feet zbove Madilson lime-
gtone. Lower faunas Chesterlan in age; upper faunas Atokan (7).
Term of Secajawea formation rejected for Mississippian beds at
Cherry Creek., Presence of two mandatones in Amsden, both have
been called "Darwin sandstone.” Amsden at Cherry Creek contains
beds not found in northern Wind River Mountainsg causing dual usage
of term Amsden, Restudy of type area should show either both Mig-
sissipplan and Pennsylvanian faunas (Cherry Creek like typical
Amsden)or Sacajawea fauna (restricted Amsden like typical Amsden).

Mundt, P. A., 1956 (Am. Assoc. Pet. Geol., Bull. 40, no. 8, p. 1918~
1915, 1928-1929): Amsden formation of central Montana divided into
three lithologle units (descending): 1) upper dolemite, 2) brownish
limestone, and 3) lower sequence of red shale and sandstone beds.
Dolomite unit is lithologically, stratigraphically, and paleontol~
ogleally equivalent to carbonate of Amsden at type locality. Amsden
dolomite vverlaps underlying brown limestone and red shale beda and
Big Snowy Group toward south. Unconformably(?) underlying Amsden
dolomite of Atokan age is brown ostracodal limestone, probably of
Chesterian age but may be all or part early Pennsylvanian; named
Alasika Bench formation. Total thickness 33 feet; top of section
eroded.

Freeman, V. L., Ruppel, E. T., and Klepper, M. R., 1958 (U. S. Geol.
Surv., Bull. 1042-N, p. 498-499, 550): 1In Townsend Valley, Broad-
water and Jefferson Counties, Montana, Amsden Formation probably
separated from Mission Canyon limestone by erosional unconfermity,
includes rocks of Migssissippilan and Pemnsylvanilan age. Consiats of

“red calcareocus siltstone with middle unit of gray carbonate, grades
inte Quadrent Formation. Thickneas 259 feet in Limestone Hills.

Gardner, L. S§., 1959 {Am. Assoc. Pet. Geol., Bull. 43, no. 2, p. 344~
346): Big Snowy Group revised to Include (ascending) Kibby
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gsandstone, Otter, Heath, Cameron Creek, and Devila Pocket Formations,
Parts of Bilg Snowy Group f{revised) have been correlated with Amaden
formation of northern Wyoming and southern Montana. These two
sequences represent same general interval of time (end of Madison
to beginning of Tensleep) but occupy distinct basins separated by
divide. Amsden rocks thin from south and Big Snowy thins from
north toward divide. Scott {(1%35) used term Amasden for rocks
{Cameron Creek Formation and Alaska Bench Limestone) overlying
Heath. Few dependable correlative data found between Big Snowy
rocks of central Montana and Amsden rocks 50 miles away in south-
ern Montana, Mundt {1956) shifted name to different rocks of

§ Atokan age. Suggested to give these rocks separate formational

e names and discontinue term Amsden in central Montana.

willis, R. P., 195% (Am. Assoc. Pet. Geol., Bull. 43, no. B, p. 1%42-

1966): Sacajawea applies to persistent red shale unit {including
K Darwin sand) formerly called lower Amsden. Term Amsden restricted
d to overlying cherty carbonate sequence; restricted usage in central
Montana for carbonate sequence underlain by Tyler or older rocks.
Unit overlailn by Tensleep, Minnelusa formation of Williston Basin,
or Ellies Group. HMaximum thickness 400 feet in southern end of
Judich Basin. Divisible into two units (ascending): 1) Alaska
Bench limestone member and 2} unnawed dolomite member. Pennsyl-
vanian (Morrowan-Atokan). Names Tyler—Heath (below) and Amsden
{restricted}) extended eastward from Montana into Williston Basin:
of North Dakota.

Todd, T. W,, 1853 (bissert. Abs., v. 20, no. 6, p. 2230-2231): Saca-
Jawea Formation, Amsden Formation, and Tensleep Sandstone product
of marine transgressive-regressive cycle on Wyoming cratonic shelf
during Pennsylvanian as one phase in development of eastern Cordil-
leron geosyncline. Term Montchauve Group iz suggested for these
formations.

Peterson, D. 0., 1960 (Dissert, &bs., v. 20, no, 7, p. 2757): Sctudy
of Pennsylvanian stratigraphy in northern Utah, western Wyoming,
northwestern Colorado, and scutheastern Idahe suggests that terms
Quadrent and Casper be abandoned and Tensleep-—Amsden—Sacalawesz
terminology extended to include strata formerly referred to by
these names and Sacajawea be accepted as formational name applirable
to red clastic sequence between Madison limestone, or equivalent,
and Amsden carbonates.

Sandberg, C. A., 1962 {U. 8. Geol. Surv., TEI-809, p. 68): Recognized
term Amsden in North Dakota, but not South Dakota, where it is
apparently included in lower part of Minnelusa.

IR L AL P T

Wilson, P. C., 1962 (Pennsylvanian System in the United States: Am.
Agsoc. Geol., Sym., p. 138): Misgigeipplan-Pennsylvanian boundary
within Amsden-Tensleep sequence.
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Maughan, E. K., and Roberts, A. E., 1967 (U. S. Geol. Surv,, Prof. Pap.
554~RB, p. 1-27): Amsden raised to group status with following forma-
tions (descending): Devils Pocket, Alaska Bench, and Tyler. Amsden
agsigned to Pennsylvanian,

Nieschmide, €. L., 1953 (U. 8. Geol. Surv., 0il and Gas. Inv.,, Chart 50,
1 sheet): Amsden divided into 3 members. Lower member of grayish-
red and brown shales interbedded with siltstones, limestones, and
sandstones. Sandstone forms base of member locally, Middle member
of finely cryatalline limestone; upper member finely to coarsely
crystalline locally cherty dolomite.

Zziebarth, H. C., 1962 (Ph.D. Dissert,, Univ. N. D., 414 p.): Amsden
Formation ranges in thickness from 0-380 feet in North Dakotas
marked thinning occurs on western flank of Nesson Anticline. Amsden
is unconformably(?) underlain by Alaska Bench Formation aad uncon-
formahly overlain by Broom Creek Formation. Divided into three
lithozones on basis of prominent marker units {(ascending): Medora,
Dickingon, and Blsmarck Lithozones.

Arikaree formation

Stone, W. J., 1973 (Stratigraphy and sedimentary history of middle Ceno-

zoic {Oligocene and Miocene) deposits in North Dakota: Ph.D. dissert.,

Univ, N. b., p. Rvii-xviii): Ariksree Formation term rejected for
strata overlying White River Formation in North Dakota because depos-
its are litholegically distinct from type Arikaree in Nebraska and
Arikaree of badlands of South Dakota. Kildeer Formatrion proposed

for 25-200 feet of green concretionary, calcareous sandstone, silt-
stone, silty claystone, and dolostone.

See algo Killdeer Formation.

Ashern Formation

Age: Middle Devonian
Area of extent: Central part of Williscton basin,

Lithology: Brick-red to gray-orange and Rreen-gray, dolomitic shale.
Is locally sility.

Thickness: Up to 125 feet.

Relationships to other unitz: Unconformably overlain by Elm Point or
Winnipegosis Formation; unconfeormably overlies Silurian rocks.

Characteristic fossils: HNone.

Economic significance: HNone.
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Depositional environment: Residual, soil, and possibly erosional chan~
nel fill deposits.

Remarks: Type locality near Ashern, Manitoba. Ashern has been misap-
' plied to many erosional and residual depesits within Devonian and )
Late S5ilurian, Where basal Middle Devonian red beds occur, they are
generally erratic and discontinuous. Sandberg, C. A., and Hammond,
€. R., (1958) included Ashern in Winnipegosis Formation.

History of stratigraphic nomenclature: )

Baille, A. D., 1950 (Manit. Dep. Mines Nat, Resour., Mines Br. Pub. 49-2,
p. 9-12): Ashern is 5-125 feet of red to pink to orange, dolomite and
dolomitic, red to green shales, often silty and sandy. May be brec-
ciated at base and appears to fill holes in "karst~like" topography
of underlying Silurian. May represent "fossil laterite" or goll pro-
file developed on Silurian strata in {nterval between Silurian and
Devonlan deposition. Equivalent to "3rd red" of Saskatchewan.

Harris, S. H., and Mallin, J. W., 1957 (Williston Basin 01il Rev., v. 6,
no. 5, p. 15~16): 1In Williston Basin, Ashern is up to 50 feet of
Fine red to pink clastics and carbonates, Fossils neorth of Winnipeg
are Middle Devonilan. Represents initial stage of deposition of pre-
Devonian karst topography of low relief; transgresses time boundaries,

Rorth Dakota Geological Scciety, 1961 (Stratigraphy of the Williaton
Basin Devonian System: Conrad, Bismarck, p. 809): Ashern overlain
by Winnipegosis Formation over mest of Williston Basin. Similar
basal red shales were deposited by Dawson Bay, Souris River, and
Duperow seas of later Devonlan time and locally rest unconformahbly
on “true' Ashern, but are nearly impossible to differentiate. Soci-
ety recommended that "Ashern" be mapped "together with the basal
red shales of . . . whatever the ideatifiable Devonian formation
onlapping the truncated Silurian of older beds may be" (p. 9).

Ashville Formation

Cobban, W. A., and Reeaide, J. B.,, Jr., 1952 {Gecl. Soc. Am., Bull. 63,
no. 10, p. 993-1010): Ashville Formation of Cenomanian age is found
on Pembina escarpment, Manitoba and North Dakota.

This usage not followed by later authors.

Assinlboine Member

Cobban, W. A., and Reeside, J. B., Jr., 1952 (Geol. Soc. Am., Bull. 63,
no. 10, p. 993-1010): Assiniboine Meuber of Favel Formation (Late
Cretaceous) 1s found on Pembina escarpment, Manitoba and North Dakota.

This usage not followed by later authors.
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BACON CREEK MEMBER {of HELL CREEK FORMATION)

Frye, C. I., 1969 (N. D. Geol. Surv., Bull. 54, p, 33): Bacon Creek
Member is vari-colored bentonites, bentonitic shales, and lignitic
shaleg., Type section is west of Bacon Creek in SEX sec. 23, T.
133 N., R. 106 W., Slope County, North Dakeota. Overlies Marmarth
Member; underlies Huff Member, Outcrops in Little Missouri valley
around Marmarth and south into Bowman County, Top of unit is
bentonite bHed which indicates time horigzon. Fossll remains
(Triceratops, rare invertebrates) and nature of sediments indi~
cate nomnmarine origln.

Baker's Ferry bed

Leonard, A. G., Dove, L. P., and Baton, H. N., 1925 (H. D. Geol. Surv.,
Bull, 4, p. 109): Baker's Ferry bed is lowest coal seam of Rough
Creek area. Consldered to be of Fort Union Formation.

Bakken formation, "shale™

Age: Late Devonilan and Early Misaissipplan.

Area of extent: Subsurface in Saskatcehewan, Manitoba, North Dakota
and Montana.

Lithology: Two black organic shales separated by fine-grained cal-
carecus or dolomitic sandstone and sllistone,

Thickness: Up to 105 feet.

Relaticnships to other units: Leocally unconformable under Lodgepoley
unconformable above pre~Mississippilan formations.

Characteristic fossils: Rare conodonts.

Bconomic significance: 1l productive.

Depositional environment: Marine.

Remarks: Names from Amerads 1 Bakken oil test between interval of
9,615 and 9,720 feet in SWNW sec. 12, T. 157 N., R. 95 W., Wil-

liams Co., North Dakota. May be partially equivalent to lower
beds of Lodgepole Formation.

History of stratigraphic nomenclature:
Nordquist, J. W., 1953 (Billings Geol. Soc. Gdbk., 4th Ann, Field Conf.,
p. 72-74): Consists of two, black, fissile shales separated by
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light-gray to gray brown, fine~grained calcarecus sandstone lnter-
bedded with minor amounte of gray brown cryptocrystalline limestone.
Occurs at depths of 9,615 to 9,720 feetr in Amerada 1 Bakken ofl test
in SWNW sec. 12, T. 157 N., R. 35W., Williams Co., North Dakota.
Overlies Three Forks Formation., May be equivalent to lower beds

of Lodgepole Formation.

sandberg, C. A., and Hammond, C. R., 1858 {(Am. Assoc. Petrol. Geol.,
Bull., 42, p. 2328): Bakken 1s present in central part of Williston
bagin and parts of Montana. Where Bakken not deposited, lowermost
Mississipplan beds are correlated with Englewocod limestone of South
Dakota *

Sandberg, C. A., 1962 (U.S., Geol. Surv., Rep. TEI-802, p. 535) Relation-
ships of Bakken and Englewood described in detail.

Kume, Jack, 1963 (N, D. Geol. Surv., Bull., 39, p. 38): Bakken ranges
in thickness from 42 feet in Pembina County to erosional edge in

northern Butte and Meade Counties, Montana. Overlain by Englewood
in Butte County. :

YBanded beds”

See BULLHEAD LITHOFACIES, Member of Fox Hills Formation.

Bar-H lignite (of LUDLOW FORMATION)

King, J. W., 1955 (N. D. Geol. Soc., Gdbk., Black Hills Field Conf.,
p. 85): Bar-H lignite 18 135 feet below top of Ludlow Formation;
named from Bar~H Ranch, Harding County, South Dakota.

BEAR DEN MEMBER {of GOLDEN VALLEY FORMATION)

Hickey, L. J., 1977 (Geol. Soc. Am., Mem, 150, 181 p.): Bear Den is
lower member of Golden Valley Formation; is 5-65 feet of light gray
or brightly-colored kaclinitic strata. Is conformable on Fort Union
Formation and underlies Camels Butte Member (new). In weathered out—
crop, member develops three color zonations (ascending): basal gray
zone, middle orange zone, and somber colored-calcarecus zone. Thin
bed of lignite (Alamo Bluff lignite) or its lateral equivalent,
silified silt or freshwater limestone (Taylor bed) mark upper boun-
dary. Is Late Paleocene in age based on megaflors of 41 apecies
mostly of lowland forest community. Is fluvial in origin, Is
equivalent to Hebron Member of Golden Valley Formation.
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peaver Creek coal group '

 Leonard, A. G., 1908 (¥. D. Geol. Surv., 5th Bienn. Rep., p. 102-103):

Beaver Creek group of cosls occurs in northwestern corn of Billinga
County. Lies above Medora group beds and uppermost bed is 100 feet
below Sentinel Butte group. Contains beds N-F.

vgeaverhill Lake equivalent”

See Souris River Formation.
Towse, D., 1953 (N. D. Geol. Surv., Rep. Invest. 12, 1 sheet): Beaver-

hill Lake eguivalent is shaly and anhydritic limestone and dolomite
unit above Manitoban Formation and below "Woodbend equivalent.”

BEAVERHILL LAKE GROUP, Formation

Age: Late Devenlan.
Area of extent: Alberta and Saskatchewan, and North Dakota.

Lithology: Series of cyclic fragmental and argillacecus limestone beds
in central Alberta, partly dolomitized near outer limits in
Saskatchewan. '

Thickness: 722 feet in type well, Fairly uniform in thickness over
basin area.

Relationships to other units: oOverlies Elk Point Formation. Overlain
conformably by Cocking Lake Member of Woodbend Formation. 1s
equivalent to lower part of Duperow and Souris River Formations.

Characteristic fossils: Brachiopods and other fraémental fossll debris,
possibly charophytes,

Economic significance: 01l productive from reef developments in
Alberta,

Depositional enviromments: Marine, favoring reef growth.

Type sectlon: 4325-5047 feet in Anglo-Canadia #2 Beaverhill Lake, Lad,
11, sec. 11, T. 50, R. 17, W. 4 M., Alberta, Canada.

Remarks: Named after Beaverhill Lake, 7 miles north of well site.
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Aistory of stratigraphic nomenclature:

granton, M. 8., 1953 (Billings Gecl. Soc., Gdbk., 4th Ann. Field Conf.,
p. 61): Beaverhill Lake Group includes dominantly normal marine car-
bonates with Intermittent evaporites overlying Elk Point Group and
extending upward into prominent gamma~ray "kick' marking top of wide-
spread argillaceous carbonate zone. Thickness 1s 300-750 feet in

3 Saskatchewan. Divided into two formations (ascending), Dawson Bay

: and Souris River., "The term 'Beaverhill Lake' i1s here used in quota~-

3 tion marks since this gamma-ray marker . . . occurs some 70-150 faet

below the stratigraphic point frequently considered equivalent to the

top of the Beaverhill Lake Formation 4in Alberta., For this reason it

would be preferable to introduce a new group name” {p. 61).

fayer, D. B., et al. 1550 {Am. Assoc. Pet. Geol., Bull, 34, no. 9, p.
1823-1825): Beaverhill lLake Formation named from Anglo-Canada #2
Beaverhill Lake oil well in southeastern Alberta,

Laird, W. M., 1853 (Interstate 011 Compact, Quart, Bull., v. 12, no., 2,
p. 74): Beaverhill Lake Group consists of Dawson Bay and Souris
River Formations in Williston basin,

Baille, A. D., 1955 (Am. Assoc, Pet. Geol., Bull. 39, no. 5, p. 578);
Beaverhill Lake Formation is equivalent to nearly all of Manitoba
Group.

Walker, €. T., 1956 (N. D. Geol. Soc., lst Internat. Williston Basin
Sym., p. 131): Beaverhill Lake Formation equivalent to upper part
of Seurls River Formatilon.

"Bed Qlf
See LINTON MEMBER OF FOX HILLS FORMATION,
BELFIELD MEMBER (of SPEAR¥FISH FORMATION)

Dow, W. G., 1867 (¥. D, Geol. Surv., Bull., 52, p. 6-8): Belfield Mem~
ber {formerly restricted Spearfish) is up to 232 feet thick in
northwestern Dunn County) consista of figelle, gray shale inter-
bedded with reddish-orange siltstone and mudstone; few anhydrite
and dolowite beds present. Conformably overlies Minnekahtz Lime-
stone where Minnekahta present but does not extend beyond limits
of Minnekahta; conformably underlies Pine Salt or Saude Members of
Spearfish, Type interval 1s at 7228-7431 feet In Amerada R. E,
Newton No. 1 well, NWSW sec. 31, T. 140 N., R. 99 W., Stark County,
North Dakota.
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BELLE FOURCHE SHALE

. Age: Late Cretaceous,

Area of extent: Black Bills area, eastern and central Montana, western
Nerth Dakota, and South Dakota.

Lithology: Gray to black shale, Iironstone concretions, numercus henton-
tte heds.

Thickness: Up to 600 feet.
Relaticnships to other units: Conformably underlies Greenhorn Limestone
and overlies Mowry Shale. Egulvalent to top of Graneros Shale of

Kansas and shale zone below Second White Specks Zone of southern
Alberta.

Characteristic fossils: Inoceramus, Exogyra, Mantelliceras.

Economic significance: HNone.

Depositional environment: Extensive seas influenced by mild tectonienm
and windblown volcanic ash (bentonitej.

Remarks: Type locality at Belle FourcBe Creek in neighborhood of Wind

% Creek, Crook County, Wycnming.
 % History of grratigraphic nomenclature:
3 Collier, A, J., 1920 (U. 8. Geonl. Surv., Press Bull, 9063): Belle

Fourche Shale, of Late Cretaceous age, underlies Greenhorn Lime-
stone and overliies Mowry Shale,

Collier, A, J., 1922 (U. 8. Geol. Surv., Bull, 736, p. 83): Belle
Fourche Shale Member is top member of Graneros Shale, Consists of
greater than 560 feet of dark-gray shale that varles in hardness
but 15 softer than underliying Mowry. Contains caleareous concre-
tions mear top, lronstone concretions in lower part, and thick
bentonite bed near base.

Moore, R. C., 1949 (Geol. Soc. Am., Mem. 3%, fig, 18): Calecareous

p shale and thin limestones of Greenhorn facies occur lower in

| stratigraphic column and at expense of dark, noncalcareous shale

g of Belle Fourche facies southeasterly toward Black Hills. Contact
between Balle Fourche and Greenhorn is at base of lowest limestone
{Bull Creek Limestone).

Cobban, W. A., 1951 (Am. Assoc. Pet. Geol., Bull. 35, no. 10, p. 2157):
Formetions in Black Hills equivalent to Colorado Shale are Fall
River Sandstone, Skull Creek Shale, Newcastle Sandstone, Mowry Shale,
Belle Fourche Shale, Greenhorn Formation, Carlile Shale, and
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Niobrara Formation. Belle Fourche Shale of northern Black Hills
consists of 565 feet of dark bluish shale with many beds of benton-
ite and ferruginous concretions. In central Montana Belle Fourche
is represented hy 240-315 feetr of gimtlar beds in middle of Colorado
Shale. 1Is Cencmanian in age.

Cobban, W. A., and Reeside, J, B., Jr., 1852 {Geol. Soc. Am., Bull. &3,
pl. 1): Boundary between Lower Cretaceous and Upper Cretaceous at
base of Belle Fourche Shale. Bull Creek Limestone equivalent to
Orman Lake which is term that should be used.

Knechtel, M. M., and Patterson, 8. H.,, 18562 {U. §S. Geol. Burv., Bull.
1082-M, p. 914-519): Belle Fourche in northern part of Black Hills
divided into: upper member——6-32 feet of soft, dark-gray shale with
calcareous concretions and bentonite beds, base of unit rests on
Bentonite Bed F, lateral facles changes cause Belle Fourche—Greenhorn
cuntact to perur lower in section; lower member-—consists of three
units, upper part is soft dark-gray shale with many bentonite beds
and calcareous concretions and cone-in-~cone concretionsg near top
and 1s 200 feet thick near Belle Fourche but thickens to west as
Greenhorn tontact rises 1n section, middle part is sandy shale with
thin lenses of soft, gray sandstone and thick lavers of dark-gray,
soft, flgsile shale, Dentonite bedy common, probably equivalent to
Frontier sands farther west, lower part is dark shale that is-
harder and less fizgile than overlying units; abundant, oblate,
spheroidal, corrugated or pltted concretions of siderite; tg 30-45
feet thick, includes Bentonite beds D and E, rests on Clay Spur
Bentonite Bed of Howry.

Benton Shale

Age: C(retacecus

Introduced as Fort Benton shale by F. B. Meek and F. V. Hayden in
1862 (Acad. Nat, Sci., Philadelphia, Proc., v. 13, p. 419-421),
Term '"Fort” was deleted. Term "Benton” now obsclete as equivalents
(Carlile, Greenhorn, Belle Fourche, and Mowry) are presgently used.

Leonard, A. G., 1906 (N, D. Gecl. Surv., 4th Blenn. Rep., p. 67):
Benton is oldest member of Colorado Formation exposed in HNerth
Dakota. Shales used for manufacture of drick. Is not likely
that these Beds belong to Plerre Formation.

Laird, W. M., and Towse, D. F., 194% (N. D. Geol. Sury., Rep. Invest.
2, 2 sheets): Graneros and Carlile Shales are subdivigions of
Benton Shale. Graneros divided into Skull Creek, Newcastle,
Mowry, and Belle Fourche.
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Berg bed (of SENTINEL BUTTE FORMATION)

 Johnson, W. D., Jr., and Kunkel, R. P., 1959 (U. 8. Geol. Surv., Bull.
1076, p. 3%): Berg bed is lignite bed of local extent In Square
Butte area.

Beulah bed {of SENTINEL BUTTE FORMATION)

leonard, A. G., Dove, L. P., and Baton, H. N., 1925 (. D. Geol. Surv.,
Bull, 4, p. 127): Beulah bed is coal bed in viciniry of Beulah; is
190 feet below Beulah—Zap bed.

See also Hagel Bed.
Beulah-Zap bed (of SENTINEL BUTTE FORMATION)

Leonard, A. G., Dove, L. P., and Eaton, H. N., 15825 (N. D. Gecl. Surv.,
Bull., 4, p. 125): Beulah-Zap bed is perhaps most important and
extensive lignite bed of North Dakota. Crops cut along Knife River
and Spring Creek. Named for towns of Beulah and Zap.

Johnson, W. D,, Jr., and Kunkel, R. P., 1350 (U, S. Gecl. Surv,, Bull.
1076, p. 43): Beulah—~Zap bed cropes out along Otter Creek and Brady
Creek. Consists of two beds about 15 feet apart and coals are
about 5 feet thick each.

BIGHORN GROUP

Ross, R. J., Jr., 1857 (U, S. Geol. Surv., Bull. 1021-M, p. 446-~448);
Term Bighorn Group used to include (ascending) Red River and Stony
Mountain Formations in subsurface. Overlies Winulpeg Formatioo.
Ordovician fossils present,

Darton, N. H., 1904 (Geol. Soc. Am., Bull. 15, p. 394-401): Bighorn
limegtone consists of 250-300 feet of hard, massive limestone on
east slde of Bighorn Mountains. Top member is thinly-bedded,
impure limestone with Late Ordovician Richmond fauna. Middle
member somewhat massive and i3 locally fine-gralned, light-colored
limestone containing corals. Lower member 1s hard, massive,
impure, light-gray or falnt buff limestone with network of silica
veinlets that weather to honeycomb appearance; fosails are Middle
Ordovician {Trenton) in age. Underlies Madison Limestone; over-
lies Deadwood Formation.
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BI&G SNOWY GROUP

sge: Mississipplan-Pennasylvanian,

Area of extent: Central Meontana, western North Dakota, and northwestern
South Dakota.

Lithology: Variegated shale with Iintercalated limestones and sandatones.
Thickness: Up to 100 feet,

Relationships to other units: Overlies Madison Group {Charles Lime~
gtone} in North Dakota; underlies Amsden Formation.

Economlc significance: 041 productive,
L Depositional environment: Mavine.

Remarks: Hamed from Blg Snowy Mountains, Montana. Standard sectlon is
composite of Stonehouse Ranch and State Road No. 25 section.

See alse Heath, Kibbey, snd Otter Formations.

History of stratigraphic nomenclature:

Secott, H. W., 1935 {(Ceol. Soc. Am., Proc. 1934, p. 367): Big Snowy
Group congists of Kibbey, Otter, and Heath Formations. Is variegated
with intercalated limestones and sandatones. Qverlies Madison.

Scott, H. W., 1935 (J. Geol., v. 43, p. 1011-1032): Big Snowy Group is
new name for lower part of heds previously assigned to Quadrant For-
mation in central Montana. ''True" Quadrant is absent in central

E Montana where rocks are all Mississipplan--colder than Quadrant Forms-

E tion of Quadrant Mountain. Yellowstone National Park which is early

Pennsylvanian and westward extension of Tensleep Sandstone--also

alder than Mississippilan Amsden that underlies Quadrant of Quadrant

Mountain as well az Quadrant of southern Montana and overlies Big

E Snowy Group in central Montana. Group has maximum thickness of 1200

- feet and rests on Madison limestone. Divided into three conformable

. formations {(descending): Heath (new), Otter, and Kibbey.

Seager, 0. A., 1942 (Am. Assoc, Pet. Geol., Bull. 26, no, 5, p. 86&3):
In subsurface in Cedar {reek anticline, southeastern Montana. Big
Snowy iucludes (ascending}: Charles (new), Kibbey, Otter, and
Heath; underlies Amgden; overlies Madison.

Perry, E. §., and Sloss, L. L., 1943 (Am. Assoc. Pet, Geol,, Bull, 27,
p. 1287-1304): Big Snowy Group of northern Great Plains described .
only lower formation {(Charles} present in North and South Dakota.
Kibbey and Otter pinch out within the Dakotas and Heath is present
only in Montana and North Dakota.
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glosg, L. L., 1952 (Billings Gecl. Soc., Gdbk., 3rd Ann, Field Conf.,
p. 653, 67-68): Excluded from Big Snowy Group 1s Charles formation
which is assigned to Madison Group. As restricted includes (ascend-
ing): Kibbey, Otter, and Heath formations.

gardner, L. S., 1959 (Am. Assoc. Pet. Geol., Bull. 43, no. 2, p. 329~
349): Big Snowy CGroup expanded and redefined to include (ascending):
Kibbey Sandstone, Otter Formation, Heath Formation., Cameron Creek
Formation, Alaska Bench Limestone, and Devils Pocket Formation.
Upper three units were previously Scott's (1935) Amsden. Underlies
Triassic (?7) or Permian (?) and Pennsylvanian undifferentiated, or
locally, Ellis Group; overlies Madison Group. Thickness 1509 feet
at standard section. Mississippian and Pennsylvanian.

BIRDBEAR FORMATION (of JEFFERSON GROUP)

Age: Late Devonlan.

Area of extent: Montana, North Daketa, South Dakota, Manitoba, and
Saskatchewan.

Lithology: Gray to brown fossiliferous limestone and micro~ to finely~
crystalline dolomite with anhydrite at top locally.

Thickness: Up to 125 feet,

Relationships to other units: Conformably and loeally disconformably

overlies Duperow Formation., Probebly equivalent to upper Delis
Formation in southern Alberta.

Characteristic fossils: Amphipora.
Economic significance: 0il productive.
Depesitional environment: Marine,

Remarks: Type locality between 10,310 and 10,400 feer in Mobil No. 1
Birdbear, sec., 22, T. 149 N., R. 91 W., Dunn County, North Daketa.
Commonly referred to as "Nisku” but H. R, Belyea, (1953, Can. Geol.
Surv., Pap. 55-3, p. 28), indicated no depositional relationship

between Nisku Formation of Alberta and Birdbear Formatfon of
Williston Basin.

Higtory of stratigraphic nomenclature:

Sandberg, C. A., and Hammond, C. R., 1958 (4m. Assoc. Pet. Geol., Bull,
42, no, 10, p. 2292, 2302-2303, and 2318-2322): Birdbear Formation
proposed for widespread belrs of light-colored finely crystalline
dolomite and limestone that overlie Duperow and underlie Three
Forke in Williston basin and central Montana. Thickness to 125
feet. Replaces term Nisku formation now restricted to type area
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in central Alberta. Type locality given. Birdbear and underlying
Duperow constitute Jefferson Group.

. North Dakota Geological Society, 1961 (Stratigraphy of the Williston
Basin Devonian System. Conrad, Bismarck, p. 27-29): Birdbear is
conformable with underlying Duperow formation and overlying Three
Forks Formation in Williston basin of Nerth Dakota. Probably
equivalent io part to Delia formation which underlies Nisku forma-
tion In central Alberta. Thickness 70-140 feet; over much of
Willfston Basin thickness is constant at 90-100 feet, 011 pro-
ductive,

Dallas, D. D., and Lalin, Dale E., 1962 (Billimgs Geol. Soc., 13th Ana.
Field Conf., p. 101-105): Commercial production in Charleson Field,
McKenzie County, North Dakota, Birdbear has well developed sucrosic
dolomite mection with good porosity and considerable oll staining at
this interval at Nesson anticline of northwestern North Dakota,

YRismarck lithozone'

Ziebarth, H, €., 1962 (Ph,D. Digsert.,, Univ, ¥, D., 414 p.): Bismarck
lithozone is upper unit of Amsden Formation, possibly unconformably
overlies Dickinson lithozone and unconformably underlies Broom Creek
Formation. Consists of interbedded sandstones and arenaceous dolo-
mite. Is 0-145 feet thick. ZBismarck lithozone representa & migrat-
ing littoral enviromment and implies decrease in restriction of
environment of deposition. ZEquivalent to Meek Group and possibly
part of Hayden Group in South Dakota.

See also Amsden Formation.
"BElackhorse shales"

Keyes, C. R., 1922 (Pan—Am. Geol., v. 37, p. 63-64): Blackhorse shales
are 500 feet thick, underlie Ludlow liguites and overlie Pox Hills
Sandstones. Is basal shale of Lance Formation in North and South
Dakots. Named from Blackhorge Butte of South Dakota.

BLACK ISLAND MEMBER (of WINNIPEG FORMATION)
Age: Ordovician,

Area of extent: North Dakota, Saskatchewan, north-central South Dakotd,
and Manitoba.
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Litholegy: Well-rounded, usually frosted, very fine~ to medium-grained,
very friable, quartzose sandstone.

Thickness: Up to 170 feet.

Relationehips to ather unitg: Lies unconformebly on Deadwood Formation
except In porthwestern North Dakota where it is conformable; in north-
eastern North Dakota it lies nonconformably on Precambrian rocks;
underlies Ice Box Member,

Characteristic fossils: HNone listed for this unit.
Economic significance: 01l preoductive.

pepositional enviromment: Marine.

Remgrks: Named from Black Ysland, Lake Winnipeg, Manitoba.

History ef stratigraphic nomenclature:
Genik, G. J., 1931 (M. S. Thesis, Univ, Manit.): Black Island Menmber
proposed for basal sandstone of Winnipeg Formation,

Genik, G. J., 1954 (Albert. Scec., Pet. Gecl., J., v. 2, no. 5, p, 1):
Black Island term applied to basal sandstone unit of Winnipeg For-
mation in surface and subsurface of Manitoba and subsurface of
Williston Rasin.

carlson, C. G.., 1360 (¥. D. Ceol. Surv., Bull. 35, p. 55-57): 3Black
Island term used for lower sandstone of Winnipeg Formation in
Williston Basin. Black Taland consists of mottled light-gray,
very fine- to medium-grained, round to subangular, poorly sorted
silty to argillaceous sandstone, cemented with silica or pyrite.

Fuller, J. G. €. M., 1961 (Am. Assoc, Pet. Geol, Bull., 45, no. 10, p.
1341): Black Island of Carlson {1960) in North Dakota not the same
as Black Island in Manitoba (Genik, 1954), Replaced name with
Burgen Sandstone from mid-continent area, (Thig usage not fol-
lowed by North Dakota Cecological Survey.)

Boissevain Formation

Cobban, W. A., and Reeside, J. B., Jr., 1952 {Geol. Soc. Am. Bull, 63,
no. 10, p. 9%3-1010): Boissevain Formation of Maestrichtian age
1s found on Pembina egcarpment, Manitoba and North Dakota.

This usage not followed by later authors.
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"hottineay interval"

Heck, T., 1978 {Mont. Geol. Soc., Williston Basin Sym., 24th Ann., Fleld
Conf., p. 196-197): Bottineau interval divided into four subinter-
vals {ascending): 1) Scallion subinterval, normal merine conditions;
2) lower and upper Virden subinterval, gradual marine regreasion of
cyclical nature with variable clastic influx; 3) lower and upper
Whitewater Lake subinterval, gradual marine regression of cyclical
nature with variable clastic influx; and 4) Flogsie Lake subinterval;
gradual marine regression. Kinderhookian in age and 1s interval of
Madison Formation.

BOWES MEMBER {of PIPER FORMATION)

Age: Middle Jurassic.
Area of extent: Montana and North Dakota.

Lithology: Red to varicolored shale facies grading westward into gand-
stone and sandy oelitic limestone.

Thickness: Up to 52 feet,

Relationships to other units: Conformably overlies Firemoon Limegtone
Member, southward overlaps Firemcon Member and uncomformably over-
lies Madison Limestone., Underlies Rierdon Formation.

Characteristic fosgils: None.
Economic significance: Hone.
bepositional enviromment: Marine.

Type section: JInterval from 3,360-3,417 feet in Northern Ordnance no.
1l Guertzgen well, SWNWNE sec. 2, 7. 31 B.,, R. 19 E., Blaine County,
Montana. ’

History of stratigraphic nomenclature:
Nordquist, J. W., 1955 (Billings Geol., Soc,,; Gdbk., éth Ann. Field Conf.,
P. 97, and 102-103): Bowes Member displays varving lithologiea,
represented In Williston Basin by red to varicolored shale facies
that grades westward into sandstone and sandy oolitic limestome on
east flank of Sweetgrass Arch. 1In type section, consists of (ascend-
ing): 18 feet of light-brown, finely crystalline to fragmental lime- -
stone, very sandy to argillaceous in part with few thin stringers of :
light-gray calcareous sandstone; 7 feet of light-gray, fine- to
coarse—grained, very calcareous sandstone; 20 feet of light-gray,
oolitic to sandy limestone with thin beds of calcareous sandstone;
and 12 feet of light-brown, fine—grained calcareous sandtone grading
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downward intoe light-gray, sandy and partly colitic, limestone.
Becomes increasingly sandy and somewhat variable in thickness wast
of type well; eastward becomes interbedded with shale and eventually
grades into varicolored shale with uniform thickness., Conformably
overlies Firemoon Limestone Member (new) in Williston basin and most
of north-central Montana; southward overleps Firemoon Member and
unconformably overlies Madigon Limestone. Underlies Rierdon Por-
mation.

Boyne Member {of Vermillion River Formation)

Cobban, W. A., and Reeside, J. B., Jr., 1952 {(Geol. Soc. Am,, Bull, 63,
no. 10, p. 993-1010): Boyne Member of Vermillion River Formation
{Late Cretaceous) is found on Pembina escarpment, Manitoba and North
Dakota.

This usage not followed by later authors.

- Brazda bed {(of SENTINEL BUTTE FORMATION)

Johnson, W, D., Jr., and Runkel, R. P., 19539 (U. 8. Geol, Surv., Bull,
1076, p. 38): Brazda Bed is lignite bed of local extent in Square
Butte area.

BREIEN MEMBER (of HELL CREEK FORMATION)

i Laird, W. M., and Mitchell, R. H., 1542 (N. D. Geol. Surv, Bull, 14,
E p. 14-13): 'Thin, fossilifercus, marine member interfingering with
. lower part of nonmarine Hell Creek; named Breien Member of Hell

4 Creek Formation. Occurs 20 fset above base of Hell Creek; con-~

3 sists of two gray sand beds separated by gray bentonite. Upper
sand is greenish and contalns marine fosgils, Brelen is 31 feet
thick in Morton County, North Dakota, and has been reported farther
south, west of Fort Yates, North Dakota. Type locality near village
of Breien, T. 134 H., R, 82 ¥W., Morton County, North Daketa.

BROOM CREEK GROUFP, Formation

E Age: Permian (Wolfcampian).

Area of extent: Eastern Wyoming, mertheastern Colorado, scuthwestern
South Dakota, and North Dakota.

Lithology: Intecbedded limestones and sandstones.
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Thickness: Up to 250 feet.

Relationships to other units: Overlies Wendover Group or Bismarck or
Dickinson lithozones of Amsden Formation; underlies Casss Group or
wvnconformably underlies Qpeche Shale.

Characteriatic fossils: Fusulinids.
feonomic significance: 01l productive,

Depositional enviromment: HMarine; migrating beach or offshore bar
5?8 tem,

Remarks: Type locality in Broom Creek valley, sec, 10, T. 28 N., R.
66 W., Platte County, Wyo.

History of stratigraphic nomenclature:

Condra, G. E., Reed, E. C., and Scherer, 0. J., 1940 (Nebr. Geol. Surv.,
Bull. 13, p. 2, 5, 18-19, 37, and 45): Broom {reek Group consists
of interbedded limestones and sandstones. Cowmprises interval between
top of Wendover Group {(unew) and base of Casga Group (new). Age is
uncartain but is Pernnsylvanian or Permian. Thickness of 14-73 feet.

Condra, G. E., and Reed, E. C., 1943 (Nebr. Geol. Surv., Bull. l4a, p.
37-38): Broom Creek Group stratigraphically expanded to Include few
higher beds than inciuded in original definition, placing top on
unconformity in overlying Cassa Group. Thickness is B5-101 feet.

Is Permian in age.

MeCauley, V. T., 1956 (N. D. Geol. Soc., Williston Basin Sym., 1st
Internat., Bismarck, K. D., p. 130-164): Broom Creek comprises
lower part of Division I of Hartville "Formation" (Condra, G. E.,
and Read, K., C., Nebr. Geol., Surv., Pap. no. 9, 46 p,). Conslsts
of two distinct facles divided by structural high along North
Dakota-8outh Dakota border. Southern facles is anhydritic dolo-
mite (up to 350 feet thick); northern facles ig sandstone with
lesser amounts of dolomite (up to 100 feet thick). Erosional
unconformity separates Broom Creek Group from overlying Cassa
Group.

Ziebarth, H. C., 1962 {(Ph.D. Dissert., Univ, N. D., 414 p,): Broom
Creek Formatfion in North Dakota is of interbedded sandstones and
dolomites, Subsurface reference section 1s from 7391-7630 feet
in Cardinal Petroleum No. 16~5 N.P.R.R. BESE sec. 3, T. 13% N.,
R. 98 W,, Stark County, North Dakota.

Brule Formation, member

Hayden, P. V., 1857. Phila. Acad. Bat. Sei., Proc., v. 9, p. 151-158):
Brule Formation had originally been termed Turtle and Oreodon beds
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by Hayden, F. V., 1867 (Rep. of F. V. Hayden, U. 8. Geol. Surv.
Terr., lst Amn. Rep.)

parton, N. H., 1899 (U. 8. Geol., Surv., 19th Ann. Rep. pt. &4, p. 736):
prule clay separated from underlying Chadron Formation (equivalent
to Titanotherium beda) for use in South Dakeota.

Stone, W. J., 1973 (Stratigraphy and sedimentary history of Middle
Cenozolc {Oligocene and Miocene) deposits in North Dakota: Ph.D.
digsert., Univ. N. D., p. xvi): Two new members proposed for
Brule Formation in North Dakota {ascending): Dickinson Member
and Schefleld Mewber. Dickinson Member includes Fitterer Bed
(new) consiating of sandstone. ‘

fuckmann bed (of SENTINEL BUTTE FORMATION)

Johnson, W. D., Jr., and Xunkel, R. P., 1959 (U. 5. Geol., Surv., Bull.
1076, p. 44): DBuckmann Bed is lignite found on Buckmann Farm in
gec. 34, T. 143 N., R. 87 W. 1Is 65~75 feet above Beulah~Zap Bad
and 1s exposed in Otter Creek area,

BULLHEAD LITHOFACIES, Member {of FOX HILLS FORMATION)

Age: Late C:etaaéou&.

Area of extent:; South Dakota and North Dakota.
idithology: Thinly interbedded sand, silt, and clay.
Thickness: Up to 135 feet thick,

Relationships to other units: Lateral faciesm with Colgate litho-
facies,

Characteristic fosgils: Plant remains and shell fragments,
Depositional enviromment: Marine delta-front or lageon.

Principal reference section: NE-facing bluff of badland rim, center
of west line, W& sec. 33, T. 14 N., R. 19 E., U. 5. Geol. Surv.
Redelm NE quad., Ziebach County, 8. D.

Remarks: See Iron Lightning Member. Bullhead Member named for
Indian Village in north-central South Dakota.

Bistory of stratigraphic nomenclature:

Searight, W. V., 1931 (S. D. Geol. Surv., Rep. Invest, 10, p. 1-35):
Upper Fox Hills divided into two members: lower banded shale and
gandstone and upper sandstone,
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Morgan, R. E,, and Petsch, B. C., 1945 (S. D. Geol. Surv,, Rep. Invest,
49, p. 17): Thin series of banded beds occur stratigraphically
higher than Timber Lake Member and stratigraphically lower than
butte—capping sandstone.

Stevenson, R. E., 1956 (S. D. Geol. Surv., Geol. quad., Bullhead 1:62,
500): Scattered outcrops occur on uplands and high valley-sides in
southern half of quadrangle. Consists of alternating thin (1-14
inches) beds of light gray, medium- to fine-grained, locally cross-
laminated, subgraywacke sand, and thin, fiesile, clay limonitic
concretions throughout member and along some bedding planes. Vari-
gradational contact with overlying and underlying members. Lower
25 feet characterized by fauna of Timber Lake Member; Ostrea glabra

occurs in few scattered layers in upper part. Total thickness 135
feet.

Waage, K. M., 1861 (Wyo. Geol. Assoc., 1l6th Ann. Field Conf., p. 237):
Bullhead Member is 15-75 feet of banded, gray clay-shale and light-
gray siltstone or fine-grained sandstone. Colgate and upper part of
banded beds are lateral faciea. Lenses of Colgate-like sand occur
in lowest part and top of Bullhead in north-central South Dakota.

Feldman, R. M., 1967 (Ph.D. Dissert., Univ. N. D., 366 p.): Bullhead
Member in North Dakota, of interbedded sandstone and shale. Repre-
sents brackish-water deposition.

Waage, K. M., 1968 (Yale Univ., Peabody Mus. Nat. Hist. Bull. 27, p.
119-122): Bullhead lithofacies consists of thinly interbedded sand,
gilt, and clay with abundant plant fragments and some marine fauna.
Local zones of contorted bedding asgsociated with intercalated lenses
of sand of Colgate lithofacies are evidence of delta-front sediments.
Principal reference section selected to show fossiliferous phase.

Erickson, J. M., 1971 (Ph.D. Dissert., Univ. N. D., p. 26): Bullhead
lithofaclies in south-central North Dakota; consists of interbedded,
poorly consolidated sandstone or siltstone., May represent lagoonal
deposit behind barrier bar or baymouth bar.

Bullion Butte bed (of SENTINEL BUTTE FORMATION)

Hares, C. J., 1928 (¥. S. Geol. Surv., Bull. 775, p. 50): Bullion Butte
Lignite of Sentinel Butte Shale is 16 feet thick and occurs only in
Bullion Butte., Occurs above HT Butte lignite.

BULLION CREEK FORMATION (of FORT UNION GROUF)

Clayton, L., et al., 1977 (N. D. Geol, Surv., Rep. Invest. 59, p. 10-12):
Bullion Creek Formation consists of alternmating beds of clay, silt,
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sand, and lignite. Named from Bullion Creek; type section i

sec. 27, SE4% sec, 28, NEY sec. 33, and SWy s;c.ygé, T. iﬁ? ;f,ﬂg%
103 W., Golden Valley County, North Dakota. Conformably overlain
by Sentinel Butte Formation: unconformably underlain by Slope
Formation (new). 1Is 50-200 metres thick and occurs in western
North Daketa, northwestern South Dakota, and westward to Cedar
Creek anticline of Montana; is equivalent to part of Ravenscrag
Yormation of Saskatchewan. Is Paleocene in age and is of fluvial-
plain origin including overbank, flood basin, and point~bar sedi-
ments. Consists of strata considered to be equivalent to antire
Tongue River Formation or lower, middle, or upper part of Tongue
River Formation,

Burgzen Sandstone

See Black Island Member (of Winnipeg Formation)

Fuller, J. G. C. M., 1961 (Am. Assoc. Pet. Geol., Bull. 45, no. 8, p.
1341): Replaced term "Black Island Formation" of North Dakota,
South Dakota, and Montana with Burgen Sandstone. (Ussge not fol-
lowed by North Dakota Geelogical Survey.)

Burlington bed {(of BULLION CREEK FORMAIION)

Leonard, A. G., Dove, L. P., and Eaton, H., N., 1925 (N. D. Geol. Surv.,
Bull, 4, p. 147): Coal bed mined in Des Lacs and Mouse River val-

leys is Burlingron Bed,
Byer bed (of SENTINEL BUTITE FORMATION)

Johnson, W. D., Jr., and Kunkel, R. E., 1958 (U. 8. Geol. Survey., Bull.
1076, p. 46): Byer Bed lies 65 feet above Otter Creek Bed and con-

sists of lignite.
"Cambro~Ordovician”
Term used for all pre-Winnipeg Formatiocn sedimentary rocks.
CAMELS BUTTE MEMBER (of GOLDEN VALLEY FORMATION) ' i

Hickey, L. J., 1977 (Geocl. Soc. Am,, Mem. 150, 181 p.): Camels Butte
1s upper uember of Golden Valley Formation; consists of up to 150
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feet of yellow to tan 1llitic to montmorillonitic strata. Uncon-
formably underlies White River Group and may contain up to 75 feet
of weathering or leaching zone; overlies Bears Den Member (new).
Is early Wasatchian in age, based on megaflora of 37 speciles,
including Salvinia. Is fluvial in origin. Is equivalent to
Dickinson Member of Golden Valley Formation.

CANNONBALL FORMATION {of FORT UNION GROUP)

Age: FPalaocene.

Area of extent: WNorth Dakota, South Dakota, Manitoba, and Saskatchewan.

Lithology: Poorly comsolidated, very fine- to fine-grained, light to
medium brownish yellow-weathering sandstone and light gray-weathering,
sandy mudstone.

Thickness: Up to 385 feet.

Relationships to other units: Overlain by Tongue River Formastion:
overlain and underlain by Ludlow Formation in places.

Characterigtic fossils: Foraminiferids, mollusce, and crustacesan bur-
row OUphiomorpha. '

Economic significance: Uranium potential.

Depositional environment: Marine complex of environments, including
tidal flat, lagoon, beach, and shelf.

Remarks: 7Type area is along Cannonball River in T. 132 and i33 NH.,
R. 87 W. and R, 88 W., Grant County, North Dakota.

History of stratigraphic nomenclature:

Lloyd, E. R., 1914 (U. 5. Geol. Surv., Bull. 541, p. 24B-248): Cannon-
ball Marine Member comprises upper 250-300 feer of Lance Formation.
Congists of 144.5 feet of (descending): 1) calcareous sandstone,

6 inches; 2} gray, partly consolidated sandstone containing numer-
ous layers cemented with iron, 10.5 feet; 3) yellow consclidated
sandstone, 5 feet; 4) hard, red sandatone, 6 inches; 5) dark-gray
shale with "cannonball" concretions, 25 feet; 6) very dark-gray
shale, very sundy, with layer of marine shells 20 feet from base
and with "cannonball'' concretions, 103 feet; base concealed.
Marine invertebrates belong to modlfied Fox Hills fauna,

Lloyd, E. R., and Hares, C. J., 1915 (J. Geol., v. 23, p. 523-547): In
large area west of Missouri River in North and South Dakota, Lance
Formatiou consists of lower nomnmarine part contafining flera similar
te Fort Union and upper marine member containing fauna resembling
Fox Hills. Upper part, because of peculiar fauna, has been mapped
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separately and named Cannonball Marine Member of Lance Formation.
Farther west, nonmarine beds with lignite and occupying similar
stratigraphic position have been named Ludlow Lignitic Member of
Lance Formation., Cannonball Member mapped from Mandan to 4 milea
west of Haley, North Dakeota, distance of 130 miles. Presence of
Ostrea glabra near Yule County, North Dakota, shows sea extended
some distance farther than its sediments mwapped. Cannonball Mem—
ber becomes thinner to west; oyster beds near Yule may reprasent
western limit of Cannomball sez which probably advanced into
western North and South Dakota from east or nartheast. Is con—
temporanecus with Ludlow Lignitic Membar and overlies 400-525
feet of somber-colored shale, yellow sandstone, and thin lignite
beds composing lower, nonmarine member of Lance, Consists of
dark, sandy shale or shaly sandstone with lesser amounts of dark-
yellow and gray sandstone and thin limestone; strata is lenticular
and can be followed only for short distances. Sections show Can-
nonball Member overlying or grading laterally into Ludlow.
"Cannonball" concretions are formed by cementation of sandy

shale by deposition of calcium carbonate. No definite boundary
could be determined between noumzrine and marine beds of Lance.

Dorf, E., 1940 (Geol. Sec, Am., Bull. 51, p. 213-236): Palecbotanical
evidence aupports known vertebrate evidence in placing boundary
between true Lance snd Fort Union at base of nondincsaur-bearing
Tullock, Ludlow, or Bear Formations or their equivalents {at top
of Triceratops-bearing Hell Creek or Lance Formations as originally
defined}. )

Laird, W. M., and Mitchell, R. H., 1842 (¥. D. Geol. Surv., Bull. 14,
p. 1B-20): Cannonball of Fort Union Group comprises upper 250-300
feet of old Lance Formation. Is typically exposed along Cannonball
River. To west, Intergrades with underlying Ludlow Formation and
southern Morton County, underlies and is gradational with Ludlow.
Conformably underlies Tongue River Formation,

Fox, 8. K., Jr., and Roga, R. J,, Jr., 1942 {(J. Paleo,, v. 16, no. 5,
p. 660-673): Analyses of foraminifera from Cannonball beds of North
Dakota indicates Midway (Paleccene) age.

Seager, 0. A. et al,, 1942 {Am. Agsoc. Pet. Geol., Bull, 26, no. 8, p.
14141415, 1417): TFort Union in North Dakota 1s represented by
three members: Tongue River, Cannonball, and Ludlow, Cannonball
and Ludlow are interfingering contemporaneous sediments of early
Paleocene age.

CARLILE SHALE (of COLORADO GROUP)

Age: Late Cretaceous.

Area of extent: ZFastern Montana, Colorado, Wyoming, Worth Dskota, South
Dakota, Kansas, and Nebraska.
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- Litholeogy: Dark gray, partly silecy to sandy to bentonitic shale in sub-
surface., Often lighter color in outcrop and with calcareocus concre-
tions, bentonite, and some iron~stained concretions.

Thickness: Up to 650 feet.

Relaticnships to other units: Distinct lithologle and faunal break with
underlying calcareous Greenhorn, probably is uncoaformity. Probably
conformable with overlying Niobrara,.

Characteristic fossils: Scaphites and other cephalopods.
Economic significance: HNone.

Depoaitional enviroonment: Widespread, shallow marine with repeated
niner escillations.

Remarks: Named for outcrops arcund Carlile Spring and Carlile Station,
21 miles west of Pueble, Colorado. See alse Niscbrara Formationm.

History of stratigraphic nomenclature:

Gilbert, G. X., 1896 (U, 5. Geol. Surv., 1l7th Ann. Rep., pt. 2, p. 565):
Carlile Shale is medium-gray shale with thin, purplish limestone or
thicker, vellow sandstone at top. Is top formatlon of Benton Group.

Wilmarth, M. G., 1938 {U. S. Geol. Surv., Bull. 894, pt, 1, p. 348):
Niobrara and Benton are not now considered groups but are included
in Coleorado Group. Referred to as Kiobrara Limestone and Benton
Shale where not subdivided,

Cobban, W. A., 1951 {Am. Asscc. Pet. Geol,, Bull, 33, no. 10, p. 2187~
21%0): Carlile of northern Black Hills consiste of basal unnamed
dark-gray shalz, 75-~155 feet thick; middle, gray, sandy member
{Turner}, 185-260 feet thick; and upper dark-gray shale (Sage
Breaks), 195-305 feetr thick. ‘

Gries, J. P., 1952 (Billings Geol. Soc., Gdbk,, 3rd Ann. Fleld Conf.,
p. 77): Carlile is 370-440 feet thick in western South Dakota;
underlies almost entirely North Dakota and South Dakota, and is
much thinmer on ezstern side of Williston basin. Lower half of
formation consists of dark-gray, fissile sghale and very finely
interbedded shale and glauconltic siltgtonme with thin sandstones
armd large limestone concretions. In upper half of formation,
three definire but thin sandstones are present.

Knechtel, M. M., and Patterson, 5. H., 1962 (U. S. Geol. Surv., Bull.
1082-M, p. 920-925): Carlile in northern Black Hille conalste of
three memburs (descending: Sage Breaks Shale Member--195-~300 feet
of dark-gray noncalcarecus shale with many limestone concretions;
Turner Sandy Member--210-260 feet of dark shale with many limestone
concretions and lenses of light-gray sandstone and sandy shale; and

Pool Creek Shale Member--upper unit of 81 feet of Black-gray shale
that contain in lower part, two bentonite layers, and in upper 37
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feet many clay-ironstone concretions;” and lower unit of 13 feet ot
dark-gray soft papery shale, with limestone concretionsg at top.

' Carrington shale facies

Age: Mississippian

Area of extent: Subsurface 1in North Dakota,
Lithology: Noncalcareous shale,

Thickness: Up to 90 feet.

Relationships to other units: Unconformably overlies Bakken Shale;
conformably underlies Bottineau interval, '

Type section: Interval of 2,362 to 2,425 feet mechanical log depth in
Pure 011 Company J. M, Carr 1 well, sec. 15, T, 146 K., R, 66 Way
Foster County, North Dakota (Ballard, 1963, p. 19). Named for
Carrington, North Dakota.

Remarks: See also Madizon Formation.

History of stratigraphic nomenclature:

Ballard, F. V., 1963 (N. D. Geol. Surv., Bull, 40, p. 19-24): Carring-

ton shale facies propesed to be part of Bottineau interval instead
of equivalent to Three Forks Formation.

Cagga Group

Age: Permian.

Area of extent: Eastern Wyoming, northeastern Colorado, southwestern
South Dakota, and North Dakota (1),

Lithology: Red, pink, orange-red, blocky, lumpy, calcareous shale with
salt casts and salt anhydrite and gypsum inclusions with siltstone,

Thickness: Up to 300 feet.

Relationships with other units: Underlies Phosphoria Group; overlies
Broom Creek Group,

Depoéitional environment: Intermittently restricted marine.

Remarks: Type locality is Buckshot Canyon (also called Ragan Canyon),
T. 29 N., R. 67 W., 3 mllee northeast of Cagsa, Platte County, Wyo.

History of stratigraphic nomenclature:
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Condra, G. E., Reed, E, C., and Scherer, 0. J., 1940 (Nebr. Ceol. Surv.,
Bull, 13A, p. 2, 5, 19, and 45): Cassa Group 1s upper 180 feer of
Division I of Hartville "Formation" (Condra, G. E., and Reed, E. C.,
1935, Kebr. Geol. Surv., Pap. no. 9, 46 p.). Thickness 1s 175-328
feet. Underlies Phosphoria Group; overlies Broom Creek Group (new).
Consists of Owl Canyon Formation (new) below, Lyons Sandstone above.

McCauley, V, T., 1956 (N. D, CGeol. Soc., Williston Basin Sym., 1lst
Internat., Bismarck N, D., p. 150~164): No Cassa Group deposits
along eastern flank of Permo-Pennsylvanian basin of South Dakota or
in North Dakota. In restricted basin in west~central North Dakota,
Cassa(?) sediments are 400 feet thick. Consists of red to pink,
soft, lumpy, clayey, locally silty and sandy, shale that may be
calcareous or dolomitic with anhydrite inclusions and salt beds
(up te 100 feet thick).

CHADRON FORMATION (of WHITE RIVER GROUP)

Darton, N. H., 1899 (U. S, Geol. Surv., 19th Ann. Rep., pt. 4, p. 736):
Chadron Formation is thin sheet of light-greenish sandy clay, under—
lying Brule clay. Forms basal member of White River Group; rests
unconformably on Plerre Shale, Formerly called "Titanotherium beds."

Stone, W. J., 1973 (Stratigraphy and sedimentary history of Middle
Cenozoic (Oligocene and Miocens) deposits in North Dakota: Ph.D.
dissert., Univ. N. D., p. xvi): Three new members proposed for
Chadren Formation in North Dakota (ascending): Amldan, Chalky
Buttes, and South Heart Members.

Chalky Buttes memher (of CHADROR FORMATION)

Stone, W. J., 1973 (Stratigraphy and sedimentary history of Middle Ceno~
zolc (Oligocene and Miocene) deposits in North Daketa: Ph.D. dissert.,
Univ. H. D., p. 48-54): Chalky Buttes Member proposed for middle of
Chadron Formation. Consists of "dazeling white," gravel-bearing sand-
stone unconformably overlying Amidon Mewmber and underlying South Heart
Member. Type section is south-facing exposure near head of deep, un-~
named gully at NENE sec. 15, T. 134 N., R, 101 W,, Slope County, about
4% wiles mouthwest of Amidon.

Charles Formation (of MADISON GROUP)

Age: Llate Missiseippian {Meramacian)

Area of extent: Montapa; subsurface in North Dakota, South Dakota,
and Saskatchewan.
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Lithology: Anhydrite and limestone; salt 1in eastern Williston Basin.
Thickness: Up to 800 feet.

Relationships to other units: Conformably overlies Mission Canyon;
unconformably underlies Kibbey. Charles Formation exhibits facies
relationships with Mission Canyon Limestone in Williston Basin.

Characteristic fossils: Algae and ostracodes.
Economic significance: 01l productive, possible salt preduction.
Depositional enviroument: Intermittently barved marine hasin.

Type section: Interval of 3200 and 3800 feet in Argo-California 4
Charles oil test in sec, 21, T. 13 ¥., R. 30 E., Garfield County,
Montana {(Andrichuk, 1955, p. 2176)., Hamed from Charles lease.

History of stratigraphic nomenclature:

Seager, 0. A., 1942 (Am. Assoc. Pet. Geol., v. 26, no. 5, p. 861-864):
Charles includes shale, salt, anhydrite, and earthy limeatone beda
(810 feet). Represents post-Madison, pre~Kibbey sedimentation and
placed in Bilg Snowy Group.

8loss, L. L., 1952 (Billings Geol. Scc., 3rd Ann. Field Conf., p. 66~
67): Charles assigned to Madison Group and overlies Mission Canyon
Limestone, Charles is recognizable in many outcrops of Montana.

Andrichuk, J. M., 1955 {Am. Assoc. Pet. Geol., Bull. 39, Ne. 11, p.
2170~2210): Charles equivalent mapped as upper unit of Madison
Group, plus upper (second) evaporite zone of middle unit. Recog~
nized north of Black Hills, reaching greater than 300 feet at South
Dakota-North Dakota horder. Type section suggested in sec, 21, T,
15 N., R. 30 E., Garfield County, Montana.

Anderson, S. B,, and Hansen, D. E., 1957 (N. D. Geol, Surv., Rep. Inv,
28, Z sheets): Mississippian Charles Formation contains seven galt
beda. In descending order, "A" through "F" Migsissippian Salts and
seventh salt named X" Salt. In north-central North Dakota, seventh
salt 1s two separate salts (descending): "X" Salt and "X¥" Salt.
"a" through "F" Salts are located in deepest part of Williston Basin
{western ome-third of North Dakota and eastern Montana) and are
equivalent to Poplar beds. "D" and "F'" Salts extend into Canada
and are 60 feet and 90 feet respectively. "X Salt equivalent to
Frobisher--Alida beds. "A" Salt is 150 feet thick.

Gardner, L. 8., 1853 (Am. Assoc. Pet. Geol., Bull. 43, No. 2, p. 330-
332): Charles Formstion transitional laterally in subsurface into
upper beds of Mission Canyon Limeatone (middle unit of Madison
Group).
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Smith, M. H., 1960 (Am, Assoc. Pet. Geol., Bull. 44, No. 6, p. 959):
Changes in nomenclature of Mississippian Madison Group reported by
Committee of Mississippian Madimen Group of Morth Dakota Geological
Soclety., Five marker determined intervals and two subintervals
defined by log deflection,

Carlsen, C. G., and Anderson, 8. B,, 1970 (N. D. Geol. Surv., Misc, Ser,
28, p. 1B42): C(Charles facies shown to include all of Poplar interval
whare present and parts of Ratcliffe interval, Midale subinterval,
and Frobisher-Alida interval where present.

S8ando, W. J., and Dutre, J. T.,, Jr., 1974 (U. S. Geol. Surv,, Prof. Pap.
842, 22 p.): CGeographically and stratigraphically restricted to sub-
surface Williston basin of central and eastern Montana and western
part of Dakotas; name was formerly extended to surface rocks inm part
of central and western Montana and included beds considered to be
part of underlying Misslon Canyon Limestone.

“Charles salt.” “lower” or "last"

Age: Mississippian
Area of extent: Subsurface in Saskatchewan and North Daketa.

Remarks: Informally named in Charles Formation. See alse "Ratcliffe
beds" and Madison Formation. See also Charles Salt,

History of stratigraphic nomenclature:

North Dakota Geological Society, 1959 (Nesson Anticline of North Dakota:
Bismarck, Conrad Pub. Co., p. 9): Base of "last Charles salt'" in
Stratigraphic section.

llcharies Baltsn (“é,“ RB," I!C’¥¥ ”B," ”E." !!F’ﬁ IIX’U and “XY")

Anderson, S. B.,, and Hansen, D. E., 1857 {N. D. Geeol. Surv., Rep. Inv.
28, 2 sheets): Mississippian Charles Formation contains seven salt
beds. In descending order, "A" through "F" Mississipplan salts and
seventh salt named "X" Salt. In north central North Dakota, seventh
salt is two geparate salts (descending): "X" Salt and "XY" Salt.

A" through "F" Salts are in deepest part of Williston Basin {west-—
ern one-third of North Dakota and eastern Montana) and are equivalent
to Poplar beds, "D" and "F" Salts extend inte Canada and are 60 and
90 feet thick. "X" Salt equivalent to Frobisher--Alida beds. "a"
Salt 1s 150 feet thick.

See Charles Formation of Madison Group and Charles Salt, lower or last.
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€ Lignite bed (of LUDLOW FORMATION)

. King, J. W., 1955 (N. D. Geol. Soc., Gdbk., Black Hills Field Conf,,
p. 85): C lignite bed 1is 50 feet below top of Ludlow Formation.

CLOVERLY GROUP

Age: Lower (raetaceous,

Area of extent: Central, eastern, and northern Wyoming, North Dakota,
and central-scuthera Montana.

Lithology: Varicolored claystone with basal, coarse-grained, massive
sandstone,

Thickness: Up to 125 feet.

Relationships to other units: Conformebly to disconformably overlain
by lower Dakota or Fall River BSandstone; disconformably overlies
Morrison. Egulvaleat to Fuson Shale of Black Hills and Kootenail of
Montana and Alberta.

Characteristic fossils: Gastropods and plant fossils.
Economic significance: 0il produycrive in Montana.
Depositional environment: Fluvial, allgvial.

Remarks: Named for exposures near Cloverly post office on east side of
Big Horn basin, Wyoming.

History of stratigraphic nomenclature:

Darton, N. H., 1904 {Geol. Soc. Am., Bull., 15, p. 384~401): Cloverly
Group is varicolored claystone of red-purple-green and gray with
basal, coargse-grained, massive sandstone in Bighorn Mountain area.

North Dakota Geological Seclety, 1954 {Stratigraphy of the Williston

Basin: Coarad Pub., Bismarck): Cloverly Group conasists of Lakota,
Fuson, and Dakota Formations in Williston basia of North Dakota.

Coalbank coal bed (of BULLION CREEK FORMATION)

Leonard, A. ., Dove, L. P., and Eaton, E. N., 1925 {¥. D. Geocl. Surv,,
Bull. 4, p. 91): Cecalbank Coal Bed is expoused along Cealbank Creek
and 1s mappable for 2 distance of 10 miles zlong valley of Cannon-
ball River and 15 miles along Coalbaunk Creek.
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. 2 Coal Creek bed (of BULLION CREERK FORMATION)

Benson, W. E. B., 1952 (U. $. Geol. Surv., Open~file Rep., p. 256):
Coal Creek Bed is named for exposures along Coal Creek. Consists
of lignite 35-40 feet below Stanton Bed; may be equivalent to
Hazen B bed.

COLGATE LITHOFACIES, Member {(of FOX HILLS FORMATION)

Age: Late Cretaceous.
4 Area of extent: Central-eastern Montana, southwestern North Dakota.

Lithology: White to yellowish (weathered), fine- to medium-grained
sandstone.

Thicknesg: Up to 110 feet,

Relationships to other units: Conformable with overlying Lance or
conformable and unconformable with overlying Hell Creek; locally
unconformable on underlying sandstone and ghale of Fox Hills,

i A

Characteristic fossils: Plant remains.
Depogitional environment: ZBracklsh to shoreline marine.

Remarks: Type locality is near Colgate Station on Northern Pacific
Railway, Dawson County, Montana. See alsc Irom Lightning Member,

History of stratigraphic nomenclature:

Calvert, W. R., 1912 (U. S. Geol. Surv., Bull. 471, p. 189~-198): BRasal
Colgate sandstone member of Lance formation is 185 feet of white and
yellowlish sandstone. Exposed on both sides of Cedar Creek Anticline,
Dawson County, Montana, Near Iron Bluff (NE part of T. 14 N., R. 55
E.}, consists of descending): 1) 35 feet of massive white sandstone,
2) 75 feet of brown sandstone forming summit of Iron Bluff, with fos-
il leaves at base, and 3) 75 feet of shale and sandstone with fossil
leaves in upper 20 feet. Overlies Pierre Shale; underliss, with
local unconformity, 500 feet of somber—colored clay and lenticular
sandstone with few lignite beds of Lance Formation. Appearance of
transition between Colgate and Pierre, suggesting that Colgate
occuples same stratigraphic position of Fox Hills but foasil leaves
indicate late age, placing 4t in Lance Formation.

Thom, W. T., Jr., and Dobbin, C. E., 1924 (Geocl. Soc. Am,, Bull. 35, p.
= 484~497): Colgate sandstone member redefined as upper white sand-

. stone of Fox Hills, typically developed between Colgate Station and
o Glendive, Montana and exposed along Cedar Creek Anticline and elsge-
where in sastern Montana. Colgate is 35 feet of white sandstone
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and forms top of lower 75 feet of sandstone of Iron Bluff; fer-
ruginous matter leached from lance masked usual white color,
Halymenites major casts and fogsil leaves in exposure along Cedar
Creek Anticline, <{olgate is gradational, into underlying marine
strata on Little Beaver Creek, south of Baker, Montana; is strik-~
ingly developed along Missourl River between Hell Creek and Mussel-
shell River. Fluvatile haszl sandstone of Lance in central Montana
is probably equivalent to Colgate sandstone and upper white sand-
stone of Fox Hills but has not been traced.

Hares, C. J., 1928 (U. 8. Geol. Burv., Bull, 775, 110 p.): 17-40 feet
of {olgate sandstone Member at top of Fox Hills Sandstone in Marmarth
lignite field, North Dakota.

Waage, K. M., 1961 {Wyo. Geol. Assoc., 16th Ann. Field Conf., p. 237):
Facles relationships between Bullhead and Colgate are source of map~-
ping confusion, as lenses of Colgate~like sand occur in lower Bull-
head, as well as at top, in north-central South Dakota. Colgate and
upper part of handed beds are lateral facies.

Feldman, R, M., 1967 (Ph.D., Dissert., Univ. N, D., 366 p.): 1In North
Dakota, Colgate 1is light greywacke sandstone. Members were depos-
ited penecontemporaneously with Timber Lake gediment that repre~
sents normal marine deposition; Bullhead represents brackish depo-
sition, and Colgate represents strandline deposition.

Waage, K. M., 1968 (Yale Univ., Peabody Mus. Hat. Hist., Bull. 27, p.
122~124): Upper part of Iron Lightning Member is clayey, grayish-
white gand with brackish-water fauna named Colgate lithofacies
{reduced from member rank), Lateral transition to Bullbead litho-
facies.

Erickson, J. M., 1971 (Ph.D. Disgert., Univ, N, D., p. 26): Colgate
lithofacles recognized in south-central North Dakota.

COLORADO GROUP, Shale, Formation

Age: Early and Late Cretacecus.

Area of extent: Montana, North Dakota, South Daketa, Wyoming, Colorado,
Nebraska, Kansas, Iowa, and New Mexico.

Litholegy: Dark gray to gray-black shale., Some silltstone and sandatone
and limy beds locally.

Thickness: Up to 2200 feet.
Relationships to other units: Disconformably overiies Kootenal or

Cloverly Formations and is disconformable to conformable with
overlying Telegraph Creek.
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Characteristic fossils: Inoceramus, Scaphites.
Economic significance: None.

Depositional environment: Relatively stable marine over wide area with
local fluctuations; sporadic, but much wind-blown ash.

Remarks: Type locality along eastern base of Front Range, Colorado.

History of stratigraphic nomenclature:

Hayden, F. V., 1876 {(U. 8. Geol. and Geo. Surv. Terr., 3th Ann. Rep.,
p. 45): Yos. 2, 3, and 4 of Cretaceous (Fort Union, Niocbrara, and
Fort Pierre divisions) may be regarded as one group, under name of
Colorado Group as adopted by Clarence King, 1876 (U. 5. Geol. Expl.
40th Paral.,, Atlas, map l). Underlain by Dakota Group and overlain
by Foxr Hillae Group. Exposed along eastern base of front of Colorado
range.

White, C. A., 1878 (U. 8. Geol. and Geog. Surv. Terr., 10th Ann. Rep.,
p. 21-22, 30): Colorade Group includes equivalents of No. 2 (Fort
Benton) and 3 {Niobrara) of Meek and Hayden's criginal section,
leaving No. 4 {(Fort Pierre Group) to be included with strata of
Fox Hillg Group.

Cobban, W. A., and Reeside, J. B., Jr., 1852 {Geol. Soc. Am., Bull. 63,

pl. 1): Base of Colorado Group is contact between Mowry and Belle
Fourche Shale;

Coteau bed {of BULLION CEEEK FORMATION)

Leonard, A. G., Dove, L. P., and Eaton, H. N., 1925 (N. D. Geol. Surv.,
Bull. 4, p. 148): Coteau Bed is thick bed of coal in extreme south-
east corner of Ward County. Named for Missouri Coteau.

Crow Creek Member (of PIERRE SHALE)

Age: Late (retaceous.

Area of extent: BSouth ﬁakcﬁa.
Lithology: Basal sand; marl.
Thickness: Up te 15 feet.

Relaticnships to other units: Overlies Gregory Member; underlies
Qacoma zone.

Characteristic fossils: GﬁmhelinawGIOB;garina microfauna,
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Deposgitional enviromment: Harine.

Remarks: Type locality at and south of the mouth of Crow Creek, south-
western Buffalo County, Socuth Dakota. See alsc Plerre Shale,
Gregory Member, and Sully Member.

History of stratigraphic nomenclature:

Cries, J. P., and Rothrock, E. P., 1941 (3. D. Gecl. Surv., Rept. Invest.
38, p. 5, 14=17): Basal sand and chalk beds of Sully Member previ-
ously correlated with Gregory chalk of Rosebud Bridge section, Sully
marl actually correlates with upper marl (Gregory chalk). Therefore,
Gregory name cannot alsoc apply te lower calcareous 2one. Crow Creek
zone proposed for sand and marl at base of Sully Member,

Crandell, D. R., 1850 (Am. Assoc. Pet. Gecl., Bull. 34, mno. 12, p. 2345):
Crow Creek, Verendrye, and DeGrey named as members., BSully usage
abandoned. Type locality designated,

Stevenson, R, E., 1951 (Geol. Soc. Am., Bull. 62, p. 1342): Crow Creek
marl facies of Sully Member shows greatest varilation in Charles Mix
and Gregory Counties, South Dakota. Crow Creek of warl and chalk
with quartz grains, separated locally by Gregory clay into twe marls,
Base 1s sandy marl. Glimbelina-Globigerina microfauna.

Crandell, D. R., 1932 (Am. Assoc. Pet. Geol., Bull, 36, p. 1754=-1765):
Crow Creek Member of Pierre Shale ie basal 10«15 inch sandstone with
overlying 7-10 feet of marl, Crow Creek of marine origin because of
presence of Foraminifera.

Agnew, A. F., and Tychson, P. C., 1965 (8. D. Geol. Surv., Bull, 14, p.
64): Authors' note of recent unpublighed stratigraphic work by
L. G. Schultz of United States Geological Survey {(summer, 1%63)
indicates upper marl zone {in QOacoma facles ¢of DeGrey Member) in
Gregory County and east, has erroneously bheen called Crow Creek in
past, True Crow Creek 1s lower marl, lies below Oacoma faciles,
and rests on very thin Gregory Member overlying Sharon Springs.
Crow Creek recognized by presence of quartz sand zone at base,

CROWGHEOST MEMBER (of HELL CREEK FORMATION)

Frye, C. I., 1969 (N. D, Geol. Surv., Bull, 54, p. 33-34): Crowghost
Member consists of lignitic, bentonltic gediments, mostly ghales,
with few sandstones, siderite nodulea weathered to limonite common,
Overlles Colgate or Bullhead Member of Fox Hills Formwation, under-
lies Breien Member. Named from Crowghost Cemetery; type section is
center sec., 33, T. 134 8., R. 82 W., Sicux County, North Dakota.
Can interfinger with Bullhead Member of Fox Hills and probably also
interfingers with Brelen Mewber. Ranges from 6 feet thick in cen~
tral Bmmons County to 31 feet thick at type section in Sioux County.
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DAROTA GROUP, Sandstone, Formation

Age: Lower Cretaceous.

Area of exztent: Montana, North Dakota, Sourh Dakota, Wyoming, Nebraska,
Kansas, Colorado, Northwestern Oklahoma, and northeastern New Mexico.

lithology: Gray to white, fine~grained sandstone, partly micaeous and
with euhedral grains. Interbedded with gray siltstone and dark gray,
partly carbonaceous shale. At type locality formation is 'peanut
brittle” conglomerate.

Thicknesa: Up to 100 feet in central Williston Basin.

Relationships to other units: Disconformable, at least iu part, with
underlying comtinental beds of Kootenal {Fuson) or Lakota. Conform—
able with overlying black shale of Skull Creek of Wyoming or Black
leaf in northwestern Montana. Equivalent to Fall River Sandstone of
Black Hills area and Flood Member of Blackleaf Formation in Sweet-
grass arch area of Montana.

Characteristic fossils: Plant fosslle, pelecypods in marine facies.
Economic significance: il productive,

Depositional environment: Near shoreline deposit, partly continental,
partly marine. Broad shallow seas where slight oscillations brought
wide changes in deposition.

Remarks: Type locality near town of Dakota, Dakota County, Nebraska.
Other reference sections glven by G. E. Condra and E. ¢, Reed, 1843
(Neb. Geol. Surv,, Bull, 14) and W. T. Lee, 1923 (U, 5. Geol, Surv,,
Bull. 751-4).

History of stratigraphic nemenclature:

Meek, F. B., and Hayden, F. V., 1861 {Acad. Nat. Sci., Philadelphia,
Proc., v. 13, p. 419~420): Dakota Group (Formation No., 1 of
Cretaceous) consists of vellowlsh, reddish, and pecasionally white
sandstone, locally with alternations of varicolored clays and lig-
nite beds. Thicknese is 400 feet. Occurs in hills near town of
Dakota, and is extensively developed in Dakota County (Nebraska)
below mouth of Bilg Sioux River, and extends into Kangas., Under-
lies Fort Benton Croup, of which it may prebably be only of member
status.

Newten, H,, and Jeuney, W. P,, 1880 (. 5. Geog. and Geol, Surv,, Rocky
Mountain Regien, p. 151-180): Dakota Group includes equivalents of
Lakota, Fuson, and Fall River. Forms capping rock on foothills.
Coaly plant fossils present. Ts Early (retaceous in age.
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Jenney, W. P., 1899, 1901 (U. 5. Geol. Surv., 19th Ann. Rep. pt. 2-3,
p. 568-593): Dakota usage restricted to upper sandstone of former
Dakota Group in northern Black Hills.

Russell, W. L., 1927 {(Am. J. Sci., 5th ser., v. 14, p. 402): Dakota
Sandstone of Black Hills region 1s older than true Dakota as is
Fall River Formation. Overlies Fuson Formation and underlies
Graneros Shale,

Hubey, W. W., 1931 (U. S$. Geol, Surv., Prof. Pap. 165-4, p. 5): Fall
River Sandgtone is Dakota Sandstone of previous reparts in Black
Hills region. Is top formation of Inyan Kara Group, of Early
Cretaceous age, Conformably underlies Graneros Bhale and overlies
Fuson. Is continental depogit except upper 20 feet, which conteains
marine fossils.

Ballard, N., 1342 (Am. Assoc, Pet, Geol., Bull. 26, no. 10, p. 1582):
Strata of Dakota Group crop out as hogbacks surrounding Black Hills
and are present throughout Dakotas im subsurface. Dakeota Group con~
gists of upper unnamed sandstone member, middle or Fuson Shale Mem-
ber, and lower or Lakota Sandstone Member. Maximum thilckness is
725 feet.

Gries, J. P., 1954 {Am. Assoc. Pet. Geol., v. 38, no. 1, p. 446-449):
Term "Dakota” used for thick sandstone sequence in central South
Dakota, where called "true Dakota," and where it overlies Skull
Creek Shale, “true Dakota" is age-equivalent of Newcastle-Mowry
interval and what is called Dakota in Williston basin to north is
actually Fall River Sandstone.

Waage, K. M., 1955 (U. S. Geol. Surv., Prof. Pap. 274-B, p. 15-49):
Dakota Group applied to pre-Benton sandstone and shale sequence in
northern Front Range of Colorado can be correlated with atrata
including Lakota (below} and Newcastle (above). Dekora Group is
strictly a rock term and age should bhe irrelevant to usage.

Sandberg, C. A., 1962 (U. §. Geol. Surv., TEI-809, p. 54-95): Dakota

Group of Williston basin includes only what Inyan Kara Group com-~
prises in Black Hills--Lakota and Fall River.

"Nakota silt"

Informal term applied in subsurface te uppermost, =silty part of Fall
River Formation. Walf, G, R., 1962 {Am. Assoc. Pet. Gecl., Bull,
48, no, 8, p. 1370) noted that '"Dakota silt" should be abandoned
because Dakota had been used in different sense previously,

DAWSON BAY FORMATICN {(of BEAVERHILL LAKE GROUP)

Age: Middle Devonian.
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Area of extent: Williston hasin,

Lithelogy: Brown to dark brown, fossilifergus limestone grading down-
ward to gray-brown, argillaceous limestone. Entire sectlon may be
partly or completely dolomitized; dolomitization becomes more com-
plete outward from center of Williston basin. At base fs gray and
red, dolemitic shale bed known as "second red bed.”

Thickness: Up to 200 feet in north—-central North Dakota.

Relationships to other units: Conformably overlies Elk Point Group;
conformably underlies Souris River Formation. Disconformably under-
lles strata in areas on outer margin of basin.

Characteristic fossils: Rare chitiozoans, brachiopods, estraceds, and
stromatoporoids,

Eeconomie significance: 011 productive in Montana.
Depoaitional environment: Open marine.

Remarks: Type locality near Dawson Bay at north end of Lake Winni-
pegosis.

History of stratigraphic nomenclature:

Baille, A. D., 1953 {(Am. Assoc. Pet, Geol., Bull, 37, no. 2, p. 444~
452): Dawson Bay Formation is lowest sequence of strata of Manitoba
Group. Lower boundary is at base of "second red" and green argil-
laceous zone that overlies Elk Peint Group. Upper boundary marked
by top of widespread reefoid and gtromatoporoid zone. Thickness is
100-200 feet. In outerop overlies Winnipegosis Formation; underlies
unnamed strata of Beaverhill Lake Group.

Laird, W. M., 1953 (Interstate 0il Compact Quart, Bull,, v. 12, neo. 2,
p. 74): Underlies Souris River Formation {(new), Included in
Beaverhill Lake CGroup.

Sandberg, C. A., and Hammond, C. R., 1958 (Am. Assoc. Pet. Geol., Bull.
42, no. 10, p. 2302-2309): Batlle (1953) placed Dawson Bay Formation
and overlying unnamed beds approximately equivalent to Socuris River
Formation, to Manitoba Group. This grouping not recommended for
Williston basin of United States hecause Dawson Bay and Souris River
Formations are readily separable., Dawson Bay Formation 18 less than
1 foot to 1B5 feet; thickest along internationazl boundary and in
north-central Nerth Dakota. Underlies approximately same area asg
Elk Peint Group in Williston basin and northeastern Montana but
extends slightly beyond limit of Winnipegosis Formation, Overlies
Pratirle Formation of Elk Point Group; underlies Sourig River Forma-
tion, Does not outcrop in United States.
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DEADWOOD FORMATION

Age: Late Cambrian to Early Ordovictan.

) Area of extent: North Dakota, Scuth Dakota, northeast Wyoming, south-
) east Montana.

Lithology: Sandsatone, ghale, and carbonates.

Thickness: Up to 1000 feer,

Relationships to other units: Overlain by Winndpeg Formation; uncon-
formably overlies Precambrian crystalline rocks and conformably (7)
underlies Aladdin Sandstone. Roughlock Siltstone, uppermcst part
of original Deadwood underlies Late Ordovician Whitewood Dolomite.
unconformably. Deadwood (restricted) is equivalent to Cambrian
part of Zartman Member of Emerson Formatlon of central Montana.

Characteristic fossile: Paunizones of Late Cambrian, Crepilcephalus,
Aphelaspis, Elvinis, Conasuvis, and Ptychaspis~Prosaukils faunizones
are known. Distacodid concdonts are present.

Economic significance: HNone.
Depositional enviromment: Shallow marine,

Remarks: Type locality is Whitewood Canyon at Deadwood, South Dakota.

éa_ History of stratigraphic nomenclature:

4] Darton, M. H., 1901 (U. §. Geol. Surv., 2lst aun. Rep., pt. 4, p. 505):
3 Deadwood Formatlon consigts of red-brown quartzite and sandstone,

_% locally conglomeritic and partly massive. Upper part is thinner-

o hedded softer sandstone, interbedded with shale in places. Baeal

ki member 1s usually hard, massive, reddish~brown guartzite; portions

i of basal beds are conglomeritic. Rests unconformably on Precam~

fﬁ brian granites and schists and underlies Englewcod Limestone

g

{Mississippian).

McCoy, M. R., 1952 {(B11lings Geol. Soc., Gdbk., 3rd Ann. Field Conf.,
s p. 45~47): Changed Scolithus Sandstone to Aladdin Sandstone and
% togk it out of Deadwood Formation. Thickness of revieed Deadwood

is 350 feet.

Carlson, C. G., 1960 (N, D. Geol. Surv., Bull, 35, p. 49-50): Dead-
wood Formation of North Dakota includes all pre-Winnipeg sedimen-
3 tary rocks. Conslsts of sandstonea, shale, and carbonares of Late
£ Cambrian to Early Ordovician age. McCoy's (1952) correlation of
i Aladdin with lower sand member of Winnipeg fs erroneous,

Sandberg, C. A., 1962 (U. §. Seol. Surv., TEI-808, p, 23~27): Dead-
wood consists of basal, grayish-red, conglomeritic, quartzitic,
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sandstong and remainder i1s interbedded greenish-gray and gray shale,
gray limestone and limestone-pebble conglomerate, and light-gray,
grayish-red, and brownilsh-red sandstone and siltstons, which grades
eastward into malanly sandstone. Is Late Cambrian in age.

DEGREY MEMBER (of PIERRE SHALE)

Age: Late Cretaceous

Area of extent: Central South Dakota, North Dakota,
Lirhology: Shale, clay, and bentonite.

Thickneza: Up to 160 feet.

Relationships to other units: Overlies Crow Creek Membar; underlies
Verendrye Member,

Type section: Cutbank of Missourl River, 2 miles south of DeGrey in
weatern edge of NWs sec. B, T. 108 N., R. 75 W., Hughes County,
South Dakota., Named after DeGrey Fost Cffice.

Higtory of stratigraphic nomenclature;

Crandell, D, R., 1950 {Am. Asscc. Pet. Geol., Bull, 34, p. 2341-2346):
No representative type section of Agency~Cacoms zone: DeGrey Mem—
ber propesed for unit., Verendrye and Crow Creek raised to memwber
rank. Sully no longer used. DeGrey 1s 82 feet of shale, clay, and
bentonite. Top placed on horizon between '"gumbo—forming” shale of
overlying Verendrye Member and "step-forming" shale of DeGrey Mem-
ber, Base of member 1s between noncalcareous shale of DeGrey Member
and calcareous beds of underlylumg Crow Creek Member.

Wilson, E. B., 1958 (Master's Thesis, Unlv. N. D., 134 p.}: Plerre
Shale along northern Sheyenne River and in Stutsman Couynty may
be equivalent to Verendrye and DeGrey Members of South Dakota,

Robinson, €. S., Mapel, W. J., and Cobban, W, J., 1959 (Am. Assoc.
Pet. Geol., Bull., 43, p. 101-123): Monument Hill Bentonitic Mem—
ber fossils found in DeGrey Member of Pierre of central South
Dakota.

Gill, J. R., and Cobban, W. A,, 1365 {U. 5. Geol. Surv., Prof. Pap.
3924, 20 p.). DeGrey Member exposed along Shevenne River Valley
in MNorth Dakota and along South Branch of Park River,

Des Lacs bed (of BULLION CREEK FORMATION)

Leonard, A, G., Dove, L. P., and Haton, H. N., 1925 (N. D, Geol. Surv.,
Bull. 4, p. 146): Des Lacs Bed is only coal bed mined in Ward
County. 1Is 4-6 feet thick.




59

"Devils pocket formation"

See Amsden Formation.

"Devonian 'A'"

See '"Nisku'" Formation.

"Devonian "BV

See Duperow Formation and '"Woodbend equivalent."

e "Devonian 'C'"

See Sourils River Formation and "Beaverhill Lake equivalent."

"Devonian'F'"

See Elm Point Formation.

"Dickinson lithozone'' .

Ziebarth, H. C., 1962 {(Ph.D. Dissert., Univ. N. D., 414 p.): Dickinson
lithozone is middle unit of Amsden Formation. Lithologic markers
delineating unit are anhydrite or anhydritic dolomite at top and
bottom; is 0-140 feet thick. Contacts appear to be conformable with
overlying and underlying strata, but presence of extensive anhydrite
marker units appear to reflect evaporative conditions over wide
areas and possible concentration of sulfates associated with hiatus.
Overlies Medora lithozone; underlies Bismarck licthozone, Broom Creek,
Opeche, Spearfish, or Piper Formations. Equivalent to much of Hayden
Group in Hartville area.

See also Amsden Formation.

DICKINSON MEMBER

Hickey, L. J., 1966 (The paleobotany and stratigraphy of the Golden
Valley Formation in western Ncrth Dakota: Ph.D. Dissert.,
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Princeton, 265 p.): Dickinson Member is upper member of Golden Val-
ley Formation; consists of soft, keolinitic clays, silts, sands and
lignite. Yellew color predominates and 1g result of oxidation of
iron; flakeg of mica are in silts znd sand; and lignites up to 6
feet thick although none extend laterally more than few milles.
Lies above Alamo Bluff lignite. Is unconformably overlain by
White River Formation; is unconformably and conformably underlain
by Hebron Member of Golden Valley Formation. Type area is south
and west of town of Dickipson in Stark County, sec. 20, T, 139 K.,
R. 96 W,, and secg. 29 and 32, T. 13% N., R, 97 W,, and secs. 14,
21-23, T. 138 ¥., R. 98 W. Ddckinson Member has best developed
channel and interchannel facies of Golden Valley Formation.

Stone, W. J., 1973 (Stratigraphy and sedimentary history of Middle
Cenozolc (Oligocene and Miocene) deposits in North Dakota: Ph.D,
dissert., Univ. N. D., p. 63-85): Dickinson Member is lowest mem-
ber of Brule Formation. Conaists of 60-130 feet of clay, cross-
bedded sandstone, and pltted-weathering, gilty claystone, Con-
formably lies above South Heart Member of Chadron Formation)
conformably underlies Schefield Member of Brule Formation or
younger deposits. Contailns 5-9 feet of fossiliferous, cross-
bedded sandstone named Fitterer Bed. Type section is small butte
about % mile northeast of Fitterer Ranch house in NWSE sec. 7, T.
137 N., R. 97 ¥., Stark County, Horth Dakota.

See also Canels nutte Member.
D lignite bed (of LUDLOW FORMATION)

King, J. W., 1955 (N. D, Geol. Soc., Gdbk., Black Hille Field Conf.,
p- 85): D lignite bed is 10 feet below top of Ludlow Formation.

Dunham salt

Age: Jurassic.

Area of aextent: North Dakota, northeastern Montana.

Iithology: Anhydrite and mudstone.

Thickness: Up to 100 feet.

Relationships to other units: Conformably overlies Saude Formation.
Characteristic fossils: None,

Economic significance: None,
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Depositional environment: Evaporitic,

Remarks: BSee alsc Saude Formation, Pine Salt, Spearflsh Pormation,
and Triassic "A" salt.

History of stratigraphic nomenclature:

Zeiglar, D, L., 1955 (M. D. Geol. Soc., South Dakota Black Hills Fiald
Conf., Gdbk., p. 533): Dunham Salt consists of evaporites overlying
Saude Formation conformably. 0-100 feet thick. Slight eroafon of
upper part of Saude occurs locally.

Dow, W. G., 1964 (3rd Williston Basin Sym., Conrad, Bismuarck, N. D.,
p» 127-131): Dunhem salt, formerly of Spearfish Formstion, is
considered to be facles of lower evaporite unit of Piper Forma-
tion and 18 Jurassic in age.

Dunn Center bed (of SENTINEL BUTTE FORMATION)

Leonard, A. G., Dove, L. P., and Eaton, H. N., 1925 (¥. D. Geol. Surv.,
Bull. 4, p. 83): Dunn Center Bed is one of rhickest coal beds in
Dunn County. Named for town of Dunn Center.

DUPEROW FORMATION

Age: Late Devonian.

Area of extent: East of Rocky Mountains in Montana, north-central
Wyoming, and Williston basin portion of Saskatchewan, North Dakota,
and South Dakora.

Lithology: Brown limestone, commonly dolomitized to sucrosic porous.
Thin gray shale and green-gray dolomite layers are common,

Thickness: Up to 600 feet.

Relationships to other units: Rests conformably on Souris River Forma-
tion and unconformably on Silurian or older beds. Nisku or Eirdbear
Formation conformably overlies persistent shale bed of uppermost
Duperow. Equivalent to Woodbend Group of Alberta and all but upper
part of Jefferson Formation of western Montana.

Characteristic fossils: Algae, brachiopods, and corals. Amphipora
lodecally common,

Economic significance: 0il productive along Nesson anticline in North
Dakota.

Depositional epviromment: Marine.
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Type section: Hunt MNo. 1 Olsen, sec. 18, T. 163 N., R. 77 W., Bottineau
County, North Dakota. Standard subsurface section fs at depth of
10,400 to 10,743 in Mobil #1 Birdbear oil test in sec. 22, T. 149 N.,
R. 91 W., Dunn County, North Dakota (Owen, J. R., 1952, 0il 1in Canada,
v, 5, no. 1, p. 54},

Hiatory of stratigraphic nomenclature:

Powley, D., 1951 (4. 5. Thesis, Univ. Sask.): Duperow defined from Tide-
i water No. 1 Duperow Crown Well in southwest Saskatchewan, Is equiva-
b lent to all but lower part of Beaverhill Lake Formation and 1s not
mappable over much of Willisten basin.

Stanton, M. 5., 1953 {(Billings Geocl. Soc., Gdbk., 4th Ann. Field Conf.,
p. 62): Duperow is thick series of carbonatss, normal marine to
fossil-fragmental limestone, dolomitized limestone, and dolomite,
with anhydrite and minor shale; argillaceocus phases are common and
minor  &ilty carbonates present. Limestone is characteristically
light-gray to gray-brown, microcrystalline to fine~crystalline,
and dense. RDuperow Formation includes strata above well-defined
gamma-~ray "kick" marking upper limit of Souris River Formatlon o
top of gamma-ray marker at base of "Neaker'" (Nieku)} Formation.
Thickness 1s 50-300 feet.

Towse, D., 1953 (H. Geol, Surv.,, Rep. Invest, 12, 1 sheet): Devonian
"B" of earlier North Dakota Geological Survey reports is equivalent
to Duperow Formation or "Woodbend equivalent” of this report.

Sandberg, C. A., and Hammond, C. R., 1558 {(Am., Assoc. Pet. Geol., Bull.
42, no. 10, p. 2315-2318): Through misunderstanding of Powley's

E (1951, unpub,) definition, Duperow was considered to be equivalent
g to Woodbend Formation of Late Devonian age which overlies Beaverhill
- Lake Formation of Alberta., In 19533, Williston Basin Nomenclature
Committee of American Associlation of Petroleum Geologists abandoned
usage of Duperow Formation according to Powley and applied name to
overlying lithologic unit. Consists of medium- te brownisgh-gray,
dense to microcrystalline limestone, brownish gray, finely crystal-
line dolomite, and white to brownish-gray anhydrite, interbedded
with rhinner beds of greenish-gray dolomitic shale, very fine-
grained slltstone, and sandy argillacecus dolomite, Maximm thick-
ness 1s 600 feet in north-central and northeastern Montana., Stan~
dard subsurface section designated. Qverlies Souris River Forma-
tion; underlies Birdbear Formation (new):; is in Jefferson Group.
Contains Late Devonlan fosslls.

"Jynneson sand" (of MOWRY SHALE)

Wulf, G. R., 1962 (Am. Assoc. Pet. Gecl,, Bull, 46, no. 8, p. 1396-1402):
Mowry Shale of Williston basin divided into twe units separated by
bentonite bed. Lower unit (Dynneson unit) is shale with two promi-~
nent sandstone lithofacies, Dynneson {(of Williston basin} and Bow
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Island {of northwest Montana). Dynneson unit marked by unconformity
at tep of Skull Creek. Where Dynneson sand absent, unit is called
"lower Mowry." Dynneson Sandstopne Member is blanket-type sandstone
with shoe~string sandstcne bodies at top. Grains are light-gray and
fine in size.

EAGLE SANDSTONE (of MONTANA GROUP)

Age: Late Cretaceous.

Area of extent: Montana, Wyoming, and North Dakota,

Lithology: White, fine- to medium~grained sandstone, individual cliff-
forming beds up to 50 feet thick in outcrop, and gray sandy shale
and some Interbedded lignite seams.

Thickness: Up to 300 feat.

Relatlonships te other units: Probably conformable with undarlying
Telegraph Creek; disconformably overlain by Claggetr Shale.

Characteristic fossils: BScaphites hippocrepis, pelecypods, plant
fosslls,

Economic sigaifiéance: Produces gas; can also be ilmportant aquifer.
Depositional environme nt: Neritic to lapoonal to bkrackish,

Remarks: Type locality is along Misscuri River near confluence with
Eagle Creek, 40 miles east of Fort Benton.

History of stratigraphic nomenclature:

Weed, W. H., 1899 (U. S. Geol. Surv., Felioc 55): Eagle Sandstone con-
sists of sandstone, shale with interbedded lignite and coal seams.

Laird, W. M., and Towse, D, F., 194% (N. D. Geol, Surv., Rep. Invest., 2,

2 sheets): Eagle Sand shown to produce gas at several lecalities in
Horth Dakota.

East Tloga clay bed
See Golden Valley Formation.

E lignite bed {(of Tongue River Formation)

King, J. W., 1855 (¥. D. Geol. Soc., Gdbk., Black Hills Field Conf.,
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p- 85): E lignite bed is &0 feet above Tongue River Formation basal
contact. Tongue River is 600 feet thick in section.

ELK BUITE MEMBER (of PIERRE SHALE)

Age: Late Cretaceous
Area of extent: South Dakeota, Wyoming, and North Daketa.

Lithology: Gray shale; wearhers to thin flat polygonal chips with sub~
metallic luster,

Thickness: Up to 31D feer.

Relationships to other units: Grades inte overlying Fox Hills Sand-
stone; underlain by Mobridge Member of Plerre Shale.

Type section: Along U. S. Highway 12, between 1 -5 mlles west of Wak-
pala, Corson County, South Dakota, Type location is acrually on
Rattlesnake Butte (Agnew and Tychsen, 1965). See also Plerre Shale,

History of stratigraphic nomenclature:

Searight, W. V., 1837 (5. D. Geol. Surv., Rept. Invest. 27, p. 50-55):
Elk Burte Member is 60-3L0 feet of fine-textured, medium-gray shale
that weathers to fine, thin, flat, polygonal chips with submetallic
luster. Gradational contact with overlying Fox Hills Sandstone;
basal beds are noncalcarecus shale that overlie buff, calcareous
shale of Mobridge Member.

Figher, §. P., 1952 (N. D. Geol. Surv., Bull. 26, p. B-10): Most of
Pierre Shale in Emmons County iz Elk Butte Member.

Wilson, E. E., 1958 (Master's Thesis, Univ. N. D., 134 p.): Emmons
County has equivalent strata of Elk Butte Member,

ELK POINT GROUP, Formation

Age: Middle Devonian.
Area of extent: Alberta Bagin and central part of Williston basin.

Lithology: Red shale, anhydritic delomite, thin argillaceous limestone,
and varying amounts of salt.

Thickness: 1357 feet at type locality, thinning to 1520 feet to west
and southwest. To east in Williston basin, Elk Point Group reaches
750 feet.
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Relationships to other units: Conformably underlies Dawson Bay Forma-
tion of Late Devonlan or Waterways Formation of Alberta. Unconform-
ably overlies Silurian, Ordovician, Cambrian, or Precambrian rocks.
May be equivalent to Ghost River Formation of Alberta Rocky Mountain
area.

Characteriatic fossils: Algae, stromatoporoids, Amphipora.
Economic significance: Potash deposits in Saskatchewan.

Depositional enviromment: Oxidizing enviromment and reworking indi-
cated for basal red beds followed by normal marine carbonate and
regstricted marine evaporite deposition.

Remarks: Type locality at Elk Point area of east—central Alberta.
See also Ashern, Elm Point, Winnipegosis, and Prairie Formations.

History of stratigraphic nomenclature:

McGehee, J. R., 1949 (Am. Assoc. Pet. Geol., Bull. 33, no. 4, p. 603,
606-611): Elk Point Formation underlies thick section of Late
Devonlan strata and overlies Qrdovician, Cambrian, or Precambrian
rocks. Consists of two conspicuous red shales, anhydritic dolo-
mites, and thin, slightly ofssiliferous, argillacecus, silty lime-
stones, and one to three shale members. Maximum thickness is 1550
feet. Formation 1s probably Silurian in age but upper part of for-
mation is Middle Devonian.

. 1952 (Billings Geol. Soc., Gdbk., 3rd Ann. Field Conf., p.
64): Recent wells in southern Saskatchewan, southwestern Manitoba,
eastern Montana, and North Dakota show sequence of strata believed
to be equivalent to Elk Point Formation of Alberta Plains. Dominant
lithology 1s evaporite; underlies thick section of Late Devonian and
late Middle Devonian carbonate rocks., Similarity in lithology and
position indicates Elk Point age for evaporite portion of deposits.

Belyea, H. R., 1952 (Can. Geol. Surv., Pap. 52-27, p. 7-12): Rank-
raised to group but subdivisions not named.

Baille, A. D., 1953 (Am. Assoc. Pet. Geol., Bull, 37, no. 2, pp. 444~
452): Term "Elk Point Group' applied to basal major Devonian unit
in Williston basin. Group approximately equivalent to Elk Point
Formation in Alberta. In Williston basin, Elk Point Group includes
(ascending) Ashern, Elm Point, and Winnipegosis Formations of out-
crop area and subsurface equivalents and also Middle Devonian salt
and anhydrite section named Prairie Evaporite {(new). Upper limit
is top of evaporite section or top of Winnipegosis Formation where
evaporite not present; underlies Manitoba Group. Is Middle Devon~
ian in age.

Williston Basin Correlation Committee, unpublished, February 18, 1953.
Elk Point Group consists of marine carbonates and evaporite beds.
Of four groups of strata of Devonian age, Elk Point Group exhibits
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greatest degree of shelf and basin differentiation, Divided into
three formations (ascending): Ashern, Winnipegosis, and Prairie.
Maximum thickness is B80{ feet near BSaskatoon,

Baille, A. D., 1955 {(4m. Assoc. Pet. Geol., Bull. 3%, no. 5, p. 5%0):
Middle Devonian evaporitic secticn of Williston basin is part of
sequence divided into several lithologic units of formation ramnk,
is proposed to designate strata that Include auch formations as
Elk Point Group. Formations included are (ascending): Ashern
Formation, Elk Poiat Limestone, Winnipegosis Formatiom, and
Prairie Evaporite. '

Sandberg, €. A., and Hammond, C. R., 1958 (Am. Assocc. Pet. Geol,, Bull.
42, vo. 10, p. 2302-2307): 1In United States portion of Williston
basin and adjacent areas, Elk Point Group consists of Winnipegosis
Formation and overlylng Prairie Formation., Underlies Dawson Bay.

ELLIS GROUP

Age: Middle and Late Jurasgsic,
Area of extent: Montana, North Dakota and Alberta,

Lithology: Fossiliferous, dense, dark-gray, shaly limestone inter~
bedded with calcareous, mediuvm—gray shale overlain by light-gray,
thick~bedded fine~ to coarse-oclitic limestone and marcon and
olive—-green, mottled, silty, shale, overlain by thin- to thick-
bedded, fine-grained, pebbly, calcareous, glauconitic, fogsilif-
erous, sandstone and interbedded fossiliferous limestone.

Thickness: Varies widely; 289 feet at type locality.

Relatlionships to other units: Unconformably overlies Triassic to
Mississippian strata and conformably underlies Late Jurassic
Morrison Formation., Equivalent to Sundance and Gypsws Springs
Formations of Wyoming and South Dakota) to Vanguard, Shaunavon,
Gravelbourg, and Watrous Formations of Saskarchewan; to part of
Fernie Group of Canadian Rockies; to Stump Sandstone, Preuss
Sandstone, and Twin Creek Limestone of southeastern Idaho.

Characteristic fossils: Ostrea strigilecula, Eumicrotis curts,
Cardfoceras (?7) sp., Gryphaea nebrascensis, Camptonectes sp.,

Pentacrinus sp., Pholadomya sp., Arctica (?) sp., Kepplerites
ap., and others. '

Depositional environment: Shallow marine.

Type sectlon: North side of highway, in Rocky Canyon about 3.7 miles
southeast of gite of Fort Ellis, or 7 miles southeast af Bozeman
Court House, sec, 19, T, 2 8., R, 7 E., Gallatin County, Montana.




&7

History of stratigraphic nomenclature:
Peale, A. C., 1833 (U, 5. Geol. Surv., Bull. 110, map): Ellis Forma-
tion overlies Quadrant Formation and underlies Cretaceous strata in

vicinity of Three Forks, Montana.

Iddings, J. P., and Weed, W, H., 1894 (U, 5, Geol. Surv., Folio Ne, 1,
Livingston): Ellis limestone consiste of sandy limestone underlain
by Myacites beds (lmpure fossiliferous limestones or soft, earthy,
dark-gray calcareous rocks, with sandstones at base). Thickness
400 feet. At Cinnabar Mountain, Myacites beds rest upon massive
cross—bedded, ripple-marked sandstone, underlain by bright-red
sandstone that may be equivalent to Red-bed sandstones of more
southern localities, Underlies Dakota Formation end overlies
Guadrant quartzite.

Peale, A. C., 1896 (U. 8. Geol, Surv., Foliuv No. 24, Three Forka):
Basal part of Ellis Formation (Juratriaseic) consists of 40-60 feet
of nonfoesiliferous quartzitic sandstone which may be Juratriagsic
or possibly Carboniferous. Above basgal guartzite Is argillaceous
limestone, many beds crowded with Jurasgic fossils. Middle and
upper parts of formation are more arenacecus and devoid of fossils.
Tetal thickness 300-500 feet, Overliea Quadrant Formation and
underlies Dakota Formation.

Wilmarth, M. G., 1938 (U. S. Geol. Surv., Bull, 896, pt. 1, p., 676):
Commonly accepted definition of Ellis Formation applies to Late
Jurassic marine strata and excludes any older beds that may
inadvertently have been included in earlier mapping.

Cobban, W. A., Imlay, R. W., and Reeside, J. B., Jr., 1945 (Am, Assoc.
Pet. Geol., Bull. 29, no. 4, p. 451-453)r Thickneas 297 feet at
type section. Underlies Morrison Formation; overlies Tensleep(?).

Cobban, W. A., 1945 {Am. Assoc. Pet. Geol., Bull. 20, no. 9, p. 1262~
1303): Rank raised to group and subdivided into (ascending): Saw-
tooth, Rierdon, and Swift Formations {all new). Name restricted to
marine Jurassic beds. In Sweetgrass Arch area, north-central
Montana, unconformably overlies marine Missisaslppian beds and
underlies Upper Jurassic continental deposits (Morrison) or Lower
Cretaceous continental deposits (Kootenal), Middle and Upper
Jurassic (Bathonian~Argovian).

Imlay, R. W., Gardner, L, S., Rogers, C. P., Jr., and Hadley, H. D.,
1948 (U, 8. Geol. Surv., 0il and Gas Inv. Prelim. Chart 32, 1
gheet): Group, in south-central Montana, comprises (ascending)
Piper {new), Rierdon, and Swift Formations.

Vine, J. D., and Hail, W. J., Jr., 1950 (U. 8. Geol. Surv., 0il and
Gae Inv. Prelim, Map 10B): Group, in Hobsen area of central
Montana, consists of (ascending): Piper, Rierdon, and Swift
Formations. Entire group is less than 100 feet thick; Swift is

only formatlion represented. Overlies Amsden Formation; underlies
Morrison Formation. ~
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Peterson, J. A., 1957 {Am. Assoc. Pet. Geol,, Bull, 41, no. 3, p. 413,
417y: Alchough five Sundance subdivisicns and names of Black Hills
are useful there, in Williston and Powder River basins more comn-
tinuous sedimentation mekes nomenclature of Ellis Group more useful,
Redwater abandoned for Swift Formarion; Lak, Hulett, Stockage Beaver,

and Canyon Springs retained as local members of Rierdonm Formatioen.
Sundance includes Rierdon and Swift Formationa.

ELM POINT FORMATION

Age: Middle Devonian,

Area of extent: Southern Manitoba, Saskatchewan, and North Dakota.
Lithology: Yellow-gray, thin-bedded dolomitic limestone.
Thicknesa: Up to 100 feet.

Relationships to other units: Unconformahly overlies Ashern Formation
and conformably underlies criginally defined Winnipegosia,

Characteristic foasfils: Atrypa arctica.

Economic significance: None.
Depositional environment: Open marine.

Remarks: Type locality is cliffg near Elm Polnt on eaatern shore of
Lake Manitoba. Egquivalent strata are probably present in most of
Williston Basin, but are very difficult to distinguish from
Winnipegosis Formation.

History of stratigraphic nomenclature:

Kindle, E. M., 1914 (Can. Geol. Surv., Summ. Rep. 1912, p. 251): Elm
Point Formation is beds that crop out in cliffs near Elm Point on
eastern shores of Lake Manitoba.

Baille, A. D., 1950 {(Manit. Dep. Mines Nat. Resour,, Mines Br. Pub.
49-2, 72 p.): Elm Point Formation is 50 feet of yellowish-gray,
finely granular, thin-bedded limestone with yellowish brown,
dolomitic mottles. Most common fossil is Atrypa arctice, Baeal
part of formation containa iron sulphide nodules and greenish—
gray, dolomitic shales with dark, reddish-brown mottling. Rlm
Point conformable with overlylng Winnipegosis but difficult to
differentiate. Winnipegosis redefined to include Elm Point,

Towse, D., 1953 (¥N. D. Geol. Surv., Rep. Invest. 12, 1 sheet): Devon-
ian "F" of earlier North Dakota Geological Survey Reports is equiva~
lent to Elm Point Formation. Consists of dark-colored, finely-
crystalline, shaly mixture of limestone and dolomite lying below
Winnipegosis and above Ashern.
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Enning Facies

See White Owl Member of Fox Hillg Formation.
Fairman bed

Smith, C. D., 1908 {U. 8, Ceocl. Surv., Bull, 381, p. 24): Fairman Bed
i3 cozl seam mined at Satterlund Mine.

Sce also Satterlund-Xugler Bed.
FAIRBANK FORMATION, Tongue (of FOUNTAIN FORMATION)

Age: Pennsylvanlan,

Area of extent: Eastern Wyoming, mouthwestern Scouth Dakota, and north-
and wegt—central North Dakota.

Lithology: Red sandstone or guartzite.
Thickness: 30-100 feet.

Relationships with other units: Underlies Reclamation Group; overlies
Pahasapa Limestone; basal tongue of Fountain Formation.

Characteristic fosglls: None.
Economic gignificance: 011 productive.
Depogsitional enviromment: Reworked laterite deposits,

Remarks: Type locality is North Platte River, Bluffs Immediately north
and northwest of site of abandoned village kuown as Fairbank, sec.
27, T. 27 ®., R. 66 W., Platte County, Wyo,.

History of stratigraphic nocmenclature:

Condra, G. E., Reed, E. C., and Scherer, 0, J,, 1940 (Nebr, Geol, Surv.,
Bull, 134, p. 2-3, 32, 35, and 44): Fairbank Formation, or lower
tongue of Fountain Formation, consists of 30-100 feet of red asand-
stone or quartzite, locally calcarecus. Underlies Reclamation Group
{new); overlies Pahasaps Limestone. Comprises Division VI of Hart-
ville "Formation" (Condra, G. E., and Reed, E, C., 1935, Nebr. Geol.
Surv., Pap. no. 9, p. 11J).

McCauley, V. T., 1856 (N. D. Geol. Soc., Williston Basin Sym, Internat.,
Bismarck, N. D,, p. 150~164): PFairbank Formetion is bhasal
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Pennsylvanian deposit conglsting of sand or sand and red shale,
Thickness is 10-20 feer over most of North and South Dakota but
reaches 100 feet locally. 1In Morton County, North Dakota, sands
reach thickness of 80 feet and thin, becoming slightly silty and
shaly to west, north, and gast.

Fairpoint Member (of FOX HILLS FORMATION)

Age: Late (retaceous.
Area of extent: South Dakota,

Lithology: Lower shale, silt and sand sequence, middle sandsatone,
upper coal facies.

Thickness: Up to 280 feet.

Relationships with other units: UOverlies Plerre Shale; locally uncon-
formable with overlying White Owl Creek Member.

Characteristic fossila: Corbicula,
Lepositicnal environment: Deltaic.

Type section: Along east-west road north of Fairpeint between
NENWNE mec., 13, T, 9 ¥., R. 10 E., and NWNWNE sec. 16, T. 9 N.,
R, 11 E., HMeade Lounty, S. D. ‘

Remarks: See Stoneville Member.

History of stratigraphic nomenclature:

Pettyjohn, W. A., 1967 {Am. Assocc. Pet, Geol., Bull. 51, pt. 7, p. 1361~
1364): Falirpoint Member consists of (descending): 1) 140 feet of
coal facles (Stoneville coal faciles), 2) 128-162 feet of compact,
uncemented silt and fine~ to medium-grained dirty sand, and 3) 20-

60 feet of Interbedded ghale, silt, sand, and sandstone, Channel
is at contact between lower banded beds and middle sandstone;
channel usually centaing 1 foot coquina layer with Corbicula,
Type section given.

FALL RIVER SANDSTONE (of BDARGTA GROUP)

Age: Early Cretaceous.

Area of extent: Wyoming, western South Daketa, southwestern North
Dakota, and southeastern Montana.

Lithology: White, gray to iron-stained and brown, fine- to medium-
grained sandstone with interbeds of dark gray, sometimes carbonaceous
shale.
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Thickness: Up to 160 feet.

Relationships to other units: Conformable(?) with underlying Fuson or
Kootenal Formation; disconformable with marine 3kull Creek,

Characteristic fosgils: Pelecypods and plant remains.
Bconomic significance: RNone.

Depositional environment: Continental environment of deposition with
excaption of upper 20 feet which contaips marine fossils; poassibly
wide spread shallow embayments containing essentially fresh water,

Remarks: Type locality is Evans Quarry on Fall River, below Hot Springs,
South Dakota. See also Dakota Group.

History of stratigraphic nomenclature:

Russell, ¥W. L., 1927 (&m. J. Sei., 5th ser., v. 14, p. 402): Dakota
5andstone of Black Hills region is clder than true Dakota and i1s
nanmed Fall River Formation. Overlies Fuson Formation; underlies
Graneros Shale,

Russell, W. L., 1928 (Econ. Geol., v, 23, no. 2, p. 136-137): Dakota
Sandstone of Black Hills is renamed Fall River Formation as fossil
plants indicate clder age than typilcal Dakota Sandatone of eastern
Nebragka, Consists of 75 feet of sandstones and interbedded shales
underlying Graneros Shale and overlying Fuson Shale., Type locality
is at Even's Quarry on Fall River, below Hot Springs, Fall River
County, South Dakota. '

Rubey, W. W., 1931 (U. S. Geol. Surv., Prof. Pap. 165-A, p. 5): Fall
River Sandstone is top formation of Inyan Kara Group of Early
Cretaceous age. Consists of continental deposits except for upper
20 feet, which contain marine fossils.

Gries, J. P., 1952 (Billinge Geol. Soc,, Gdbk., 3rd Ann. Field Conf.,
p. 75): Fall River and Dakota(?} are continuous blanket of sand
but lack of subsurface data makes Dakota-Fall River relationship
uncertain. Well at Kadoka, South Dakota, suggests that artesian
sand there and to west is part of sand wedge coming in from east of
about same age as slliceous Mowry Shale farther west. Beneath this
sand, Newcastle Sandstone and 180 feet of ghale oecur beneath Fall
River-Fuson~Lakote gequence, 1s postulated that true Dakota of
Missourl River is Mowry in age and black shale and perhaps Fall
River-Fuson-Lakota sequence have wedged oyt to east, Thickness
of Fall River is 54-196 feet.

Waage, K. M,, 1958 (Wyo. Geol. Assoc., Gdbk., 13th Ann. Field Conf.,
y 3 p. 71-76}: Fall River Sandstone {of Inyan Kara Group) overlies
k- o Fuson—-Lakota sequence and underliesg Skull Creek Sandstone,
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pavis, R. E,, and Izett, G. A., 1958 {(Am. Asscc. Pet. Geol., Bull. 42,
no. 11, p. 2745-2756): Fall River Formation in northern Black Hills
consists of 120~140 feet of well-bedded siltstone, silty claystone,
and very fine~ to fine-grained sandstone, subdivided inte three and
locally four units., Underlies Skull Creek Shale; overlies sequence
of lensing and interfingering continental deposits of claystone,
siltstone, and sandstone that seem genetically related to underlying
Morrison Formatlon. Segquence has been referred to as Lakota and
Fuson Formationa undifferentiated, or Lakota Formation. Separated
from underlying rocks by nearly planar surface of transgressive
disconformity,

Waage, K. M., 1939 (U. S. Geol, Surv., Bull, 1081-B, p. 26-33): Fall
River Formation 1s redefined so that basal contact conforms to
transgressive disconformity and formatien becomes upper part of
twofold division of Inyan Kara Group here redefined. Type locality
redefined to exposures in bluffs in Fall River in area of falls and
Evan's quarries that lie on opposite aldes of river just above fallas.
All exposures are in ¥4 sec. 33, T. 7 8., R. 6 E., Hot Springs quad-
rangle, Fall River County, South Dakota, Thickneas at type locality
is 158 feet where it overlies Lakota and underlies Skull Creek.
Thickness ranmge 1s 110-160 feet., Upper conformable contact 1is
abrupt change from sandstone to gray, sandy shale to black shale
typical of Skull Creek.

Pettyjohn, W. A., 1960 (8. D. Acad. Sci., Preoc., v. 38, p. 34-38):
Dakota Group includes Lakota, Fuson, Fall Riwver, Skull Creek, and
Hewcastle Formations.

Gries, J. P., 1962 (Wyo. Geol. Assoc., Gdbk., 17th Ann. Field Conf.,

p. 167): Fall River ghould be recognized eastward from Black Hills
as far as overlying marine Skull Creek can be recognized.

Favel Formation

Cobban, W. A., and Reeside, J. B., Jr., 1932 (Geol. Soc. Am., Bull. &3,
no. 10, p. 993-101C): Favel Formation (lLate {retaceous) iz found on
Pembina escarpment, Manitoba and North Dakota. Overlies Ashville
Formation; underlies Keld Member of Vermillien River Formation.

FIREMOON LIMESTONE MEMBER {(of PIPER FORMATION)

Age:' Middle Jurassic {Upper Bajocian).
Area of extent: Montana and western North Dakota.

Lithology: Buff to brown, dense to earthy limestone; locally becomes
gandy and ooclitilc,
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Thickness: Up to 70 feet.

Relationships to other units; Overlaps Tampico Shale Membher and uncon-
formably overlies Madison Limestone. OQccasionally in centact with
Amsden Formation on Big Snowy Platform, Correlative with middle
limestone member of Piper. Transitional with Tampico Shale Member
and overlying Bowes Member.

Characteristic fossils: Paleontologic study not completed.
Econouwle significance: None.
bepositional environment: Marine.

Type section: Interval from 4,618-4,687 feet in Murphy Corp. no, 1
Firemoon well, Center SESEsec. 12, T. 30 W., R. 41 B., Valley
County, Montana.

History of stratigraphic nomenclature:

Nordquist, J. W., 1855 (Billings Geol. Soc., Gdbk., 6th Ann., Field Conf.,
p. 97, and 101-102): Firemoon Limestone Member consists of 65 feet
of buff to brown, dense t¢ earthy limestone in type section.
Locally becomes sandy and oolitic, On east flank of Sweetgrass Arch,
member is delomitic and cherty. 1In south~central Montana, unit is
thinly~bedded with varicolored claystone and locally gypsum. Pebbly,
oolitic and cogquinoid limestones are common., Is uniform in thickness.
In outcrop, member appears transitional with underlying Tampico Shale
Member (new) and overlying Bowes Member (new). In subsurface of
northern Montana boundarles are generally sharp. West and gouth of
Bearpaw Mountains, overlaps Tampico Member and uncomformably rests
on Madison Limestone. Occasionally in contact with Amgden Forma-
tion on Big Snowy platform. Unit correlative with middle limestone
member of Piper.

Hipirar red’ bed”

Age: Late Devonilan.

See Souris River Formation.

First white specks zone

See Niobrara Formation.
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Pitterer bed, sandstone

.Skinner, M. F., 1951 (in Bump, J. D., Ed., S0c. Vertebrate Paleont.
Gdbk,, 5th Ann. Fleld Conf., Western South Dakota, Aug. Sept.,
1951, p. 54): Fitterer channel ig 5~9 feet of fossliliferous,

E crogss-bedded sandstone named for exposures on Fitterer Ranch in

b ] Stark County, Horth Dakota.

Stone, W. J., 1973 (Stratigraphy and sedimentary history of Middle
Zenozole {(Oligocene and Miocene)} deposita in North Dakota. Fh.D.
dissert., Univ. N. D., p. 67-69): Fitterer Bed is 5-9 fset of
fogalliferous cross-~bedded sandstone contained within Dickinson
Member of Brule Formation in western Stark County. Lower conktact
unconformable; upper contact conformable. Is Middle Oligocene
(Orellan) in age.

"Flogsie lake subinterval" {of Bottineau interval)

Heck, T., 1978 (Mont. Geol, Soc., Williston Basin Sym., 24th Ann. Field
Conf., p. 197-198): Flosaie Lake subinterval is cyclical in nature
like Virden and Whitewater lLake gubintervals but cyele does not
include oolites. Oolites thought to be absent because of prograda-
tion of oolites by marine regression., Is Kinderhookian in age.

FORT PIERRE GROUP

See Pierre Shale.

FORT RICE MEMBER (of HELL CREEK FORMATION)

Frye, C. I., 1969 (N. D. Geol, Surv., Bull, 54, p. 36~37): Fort Rice
Member consists of lignitic and bentonitic shales, thin sandstomnes
and siderite nodules that weather to limonite and may Be concen—
trated in zones. COverlies Breien Member and underlies Huff Member.
Named from site of previous Army fort 25 miles south of Bismarck;
type section is 1 mile north of Huff, in N4 sec. 1, T. 136 N., R.
80 W,, Morton County, North Dakora, Fort Rice Member is recog-
nizable only where underlain by Breilen Member {Missouri River Val-
ley and tributaries. Dentalium, Discoscaphites, Ostrea, and
Corbicula indicate marine, fresh- and brackish-water conditions,
probably estuaries.
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FORT UNICON GROUP, FORMATIORN

age: Paleocene.

Area of extent: North Dakota, Mentana, Wyoming, northwestera South
Dakota, and Colorado,

Lithology: Somber clays and sands; with coal and lignite beds.
Thickness: Up to 2000 feet.

Relationships to other units: Overlies Hell Creek Formation: underlies
Golden Valley Formation.

Characteristic fossils: Plant fossils.
Economic significance: Lignite. Pogsible utranium potentizl.
Depositional enviromment: Seaward part of delta.

Remarks: Named for Fort Union, near mouth of Yellowstone River, later

lumber from Fort Union used to build Fort Buford downstream, Williams
County.

History of stratigraphic nomenclature:

Meek, F. B., and Hayden, F. V., 1882 (Acad Rat. Sci., Philadelphia,
Proc,, ¥. 13, p. 433): Fort Union or Great lLignite Group consista
of ¢lay and sand, with round, ferruginous concretions, numercus
beds, seams, and local deposits of lignite, and great numbers of
dicotyledonous leaves and stems of many genera. Thickness 1s 200
plus feet. COverlies Fox Hille beds {(Uretaceous) and underlies Wind
River deposits. Occupies area around Fort Unien and north inte
British possessions and south to Fort Clark, Seen under White
River Group on North Platte River above Fort Laramile, and on west
side of Wind River Mountainas. Is probably Eocene in age.

Meek, F. B., 1876 {U. S. Geol. and Geog. Surv. Terr., Mon. 9, p. lix):
Fort Union Group at Fort Union, consists of {(descending): 1) 20~30
feet of ferruglnous marl, with arenaceous concretions, upper part
may contaln concretionary sandstone ledges several feet thick; 2)
20 feet of drab, indurated, arenaceous clay; 3) 1 foot of impure
lignite, with numerous selenite crystals; 4) 50-70 feet of gray and
drab, indurated clay, with locally numercus leaf impressions: 3)
1.5 feet of impure lignite with much silicified wood; &) 30 feet of
gray, indurated sand with clay, numerous fogsil beds apnd many frag-
ments of entire stumps of trees {silicified); 7} 0.33 feet of
impure lignite; and 8) 2 feet of yellowish-gray, indurated clay.

Hayden, F. V., 1878 (U. 8. Geol. Surv. Terr., Momn. 7, pt. 2, p. 1iv}:
"Lignltic Group" included Laramle and Fort Unlon. Fort Union prob-
ably ldentical with whole, or at least part, of Wasatch {roup.




76

Weed, W. H., 1893 (U. 8. Geol, Surv., Bull. 105, 68 p.): Fort Union of
Livingston, Montana, divided into (descending): 1) Fort Unlon Forma-
tion (Eocene)}, 4000-8000 feet of massive, cross-bedded sandstone with
gray, sllty shales and local lenses of impure limestone. Rests uncon~
formably on Livingston Beds, 7000 feet of assorted and water-worn
volcanic material, somber-colored sandstone, shales and grits, which
rest unconformably on 1000 feet of massive, light-colored, coal-
bearing sandstone and intercalated shales with leaf remains and
invertebrates corresponding to Cretacecus Laramie Formation.

Stone, R. W., and Calvert, W. R., 1910 {(Econ. Geol.,, v. 5, p. 551-557,
652~669, 741-764): In Crazy Mountain region, Montana, strata con-
sist of following formations (descending): 1) Fort Union Formation,
4000 feet of massive sandstones and shales, with Lebo Andesitic Mem-
ber at base; 2) Lance Formation ("Ceratops beds")}, 1000-2400 feet of
light-gray sandstone and varlegated shale; 3) Lennep Sandstone, 250-
400 feet of sandstone with intercalated shales that may correspond
to Fox Hills Sandstone; 4) Bearpaw Shale; 5} Judith River Formation;
6) Claggett Formation; 7) Eagle Saundstone; 8) Coleorade Shale; and 9}
Kootenal Formation. Lebo Anesitic Member 1s 450-2200 feet thick and
containg Fort Union {Eocene) fossils. :

pDorf, E., 1940 {(Geol. Soc. Am,, Bull, 51, p. 213-236): Falecbotanical
evidence supports known vertebrate evidence in placing boundary
between true Lance and "Fort Union" at base of nondinosauvr-bearing
Tullock, Ludlow, or Bear Formations or thelr equivalents, at top of
Triceratops-bearing Hell Creek or Lance Formations. Table of pro-
posed revision shows Fort Unlon Group comprises Tullock Formation
(equivalent to Ludlow Formation and Cannonball Marine Member) in
lower part and gseveral formations (not discussed}) In upper part.
Overlies Lance Formation fequivalent to Hell (reek Formatiom).
Is Paleocene In age.

Laird, W. M., and Mitchell, R, H,, 1942 (N. D. Geol. Surv,, Bull. 14,
p. 16-23): Fort Unlon Grouwp of southern Morton County conasists of
Ludlow, Cannonball, and Tongue River Formations. Overlies Hell
Creek Formation. 1Is Paleocene in age.

Benson, W. E., and Laird, W, M., 1%47 (Geol. Soc, Am,, Bull, 38, no.
12, pt. 2, p. 1166-1167): Fort Union Formarion of North Daksta
underlies Golden Valley Formation (new).

May, ®. R., 1854 {U, 5. Geol. Surv., Bull. %95-G, p. 267-268): Fort
Union Group of Wibaux area, Montana and North Dakota, conaists of
Ludlow, Tengue River, and Sentinel Butte Members. Conformably
overlies Late Cretaceous Hell Creek Formation. :

Clayton, L. et al., 1977 (N. D. Geol. Surv., Rep. Invest. 59, p. 7-
12): Two formations added to Fort Union Group of North Dakota.
Slope Formation consiats of strata considered to be upper part of
Ludlow Formation or part of Tongue River Formation. Bullion Creek
Formation conaists of strata considered to be equivalient to elther
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entire Tongue River Formation or lower, middle or upper part of
Tongue River Formation,

IFOX HILLS FORMATION, Sandstone, "group"

Age: Tate (retaceous.

Area of extent: Eastern Montana, North Daketa, South Dakota, Wyoming
and eastern Colorado.

Lithology: Gray to white, fine-~ to medium-grained, non-calcareous sand-
stone and clays. Weathers to yvellow or brown. '

Thickness: Up to 5300 feet,.

Relationships to other units: Conformable with underlying Flerre.
Conformable and unconformable with overlying Hell Clreek.

Characteristic fossils: Pelecypods, gastrods, cephalopods, Ophiomorpha,
and plant remains.

Economlc significance: Possible uranium potential, buillding stene.

Depesitional enviromments: Marine; shoreline of regressive sea or bar-
rier bar or igland-deltaic enviromments.

Remarks: Type area on Fox Ridge, northwestern Armastrong and southwestern
Dewey Countles, South Dakota. See alao Linton Member, Colgate litho-
facies, Bullhead lithofacies, Trail City Member, Timber Lake Member,
Iron Lightning Member, Falrpoint Member, White Dwl Creek Member and
Stoneville Menmber.

History of stratigraphic nomenclature:

Meek, F. B., and Hayden, F. V., 1862 {Acad. Wat. Sci. Phila., Proc., v.
13, p. 419, 427): Fox Hills beds {Formation No. 5 of Cretacecus) are
500 feet of gray, ferruginous and vellow sandstone and arenaceous
clays. Outcrops at Fox Hills near Moreau River, along bage of Big-
horn Mountains, and on North and Scuth Platte Rivers. Fox Hills is
top formation of Upper Cretaceous in Nebraska (including Wyoming,
Montana, and Dakotas). Underlies Tertiary Fort Union or Great Lig-
nite Group; overlies Fort Pierre group {(Plerre Shale of present
usage) .,

White, C, A,, 1B78 (U, 8. Geul. Geog. Surv, Terr., 1l0th Ann. Rep., p.
21, 22, 30): TFort Plerre group {(Pierre Shale) transferred from
Colorado group to overlying Fox Hills group.

White, C. A., 1879 (U. 8. Geol. Geog. Surv. Terr., llth Ann. Rep., p.
186-187): Fox Hills group, consolidatien of Fort Plerre group
(Cretacecus No. 4) and Fox Hills group (Cretaceous No. 5), proposed
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for Colorado and adj}acent territories, but because lithologic and
paleontological characteristics cannot delineate separation, Fox
Hills will continue to be used in restricted sense according to
original authors in Upper Missouril River region.

Eldridge, G. H., 1888 (Colo, Seci, Soc., Proc., v. 3, pt. 1, p. 93 foot-
note): Montana Group, with approval of C, A, White, introduced to
replace Fox Hills broad definition., Original restricted definition
of Fox Hills will continue to be used.

Todd, J. E., 1896 (U. S. Geol. Surv., Bull., 144, 71 p.): Fox Hills
sandstone in Kidder, Burleigh, and Emmons Counties, North Dakota.

Babcock, E. J., 1901 (N. D. Gecl. Surv., lst Bienn. Rep., p. 23): Fox
Hills found adjacent to Missouri River, in Turtle Mountains, and
west of Rugby, North Dakota.

Leonard, A. G., 1908 (N. D. Geol. Surv., 5th Bienn. Rep., p. 234):
Fox Hills represents last advance of Cretaceous sea into North
Dakota, Erosional surface at top of Fox Hills along Little
Beaver Creek.

Stanton, T. W., 1910 (Am. J. Sci., 4th ser., v. 30, p. 172-188): Top
of Fox Hills contains marine and, in places, brackish fauna (oysters,
Anomia and Corbicula), Beds indicate transition between marine unit
below and fresh-water unit above. Change in character and thickness
of Fox Hills from Colorado to North Dakota may be function of dis-
tance from source and variation in topographic expression of source,

Calvert, W. R., 1912 (U. S. Geol. Surv., Bull. 471, p. 187-201): Col-
gate sandstone member of Lance Formation occupies same stratigraphic
position as Fox Hills Formation, but plant fossils indicate Tertiary
age. As no other sandstone is present in Bowman County, Fox Hills
must not be in Bowman County.

Knowlton, F. H., 1916 (U. S. Geol. Surv., Prof. Pap. 98, p. 87):
Flora indicates distinct Upper Cretaceous age and warm, temperate
climate.

Thom, W. T., Jr., and Dobbin, €. E., 1924 {Geol. Soc. Am., Bull. 35,
no. 3, p. 484-495): TFox Hills includes Colgate Member defined as
white upper sandstone, formerly placed as basal member of Lance
Formation.

Hares, C. J., 1928 (U. S. Geol. Surv., Bull. 775, 110 p.): 17-40 feet
of Colgate Sandstone Member at top of Fox Hills Sandstone at Mar-
marth lignite field, North Dakota.

Dobbin, C. E., and Reeside, J. B., Jr., 1929 (U. S. Geol. Surv., Prof.
Pap. 158, p. 9-25): No evidence of unconformity between Fox Hills
and overlying Lance Formation. Discordant bedding relationships
represent minor, ercsional scour features or cross-bedding or
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small, local fault structures. Similaricy of fauna of Cannonball
narine member of Lance Formation and Fox Hills further indicates

ne major bresk in depesition.

Rocky Mtn. Assoc. Pet. Geol., by its committee, composed of T. 5.
Lovering, H. A. Aurand, C. S. Lavington, and J. H. Wilson, 1932
{(Am. Assoc. Pet, Geol,, Bull. 16, no. 7, p. 702-703): Base of Fox
Hills formation considered as horizon below which section 1s pre-
dominantly gray, marine, clay shales and sandy shalea of Pierre
age, and above which section changes abruptly to buff or brown
sandatone and sandy shale. Top of Fox Hills is horizon above

which 1s predominantly fresh- and brackish-water deposits acoom-
panied by coals and lignitic shales, and below which iz predomt-

nantly marine,

Searight, W. V., 1834 (8, D. Geol. Surv., Rep. Iovest, 22, p. 4-15):
In South Dakota, Fox Hills sandstone is 435-465 feet of sediment
between uppermost transition beds of Filerre and gunbo clays and
gumbo sands of lower Hell Creek member of Lance. In Meade County,
Fox Hills divided into four members (descending}: 1) sandstone
member with thin, interbedded shale, 2} Stoneville Ceogl Member,

3) sandstone member with thin beds of shale, and 4) basal member
of alternating beds of shale and ssndstone.

Margan, R. E., and Petsch, B. C., 1945 (8. D, Geol. Surv., Rep. Invest.
49, p. 11~18): Fox Hills formation of Dewey and Corson Counties,
South Dakota contains two identifiable units of almost pure sand-
stone and two other units that are less sandy. Sandstone members
are {descending): 90 feet of Timber Lake and 50~90 feet of Trail
Ciry., Total thickness of section is 120-250 feet., Overlies
Plerre; underlies Hell Creek formation.

Gries, J. P., 1952 (Billings Geol. Soc., 3rd Ann. Field Conf., p. 78):
Fox Hills capnot be same age everywhere as retreating Cretaceous
sea deposited formation.

Cobban, W. A., and Reeslde, J. B., Jr., 1952 {8ecl, Soc. Am., Bull. 63,
p. 1026} Fox Hills is Late Maestrichtian in age.

Fischer, §. P., 1952 (N. D. Geol. Surv., Bull, 26, p. 10-17): Fox
Hills is most extensive of formations cropping out In Eumons County,
North Dakota, Traill City and Timber Lake Mesbers pinch out eastward
and disappear bhetween southwestern corner and center of county.
Upper 1l60-230 feet is gray to brown sands with thin, gray shales;
capped by sandstone hed.

Stevenson, K. E., 1957 (8. D. Geol, Surv., Geol, quad, McIntosh):
Formation includes (descending): 1) 15 feet of Colgate Member,
2) Bullhead Member (new), 3} 20-25 feet of Timber Lake Member,
and 4) B85 feet of Trail City Member.
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Robinson, C. §., Mapel, W. J., and Cobban, W. A., 1959 (Am., Assoc. Pet,
Geol., Bull. 43, no. 1, p. 101-123): Along west and north flanks of
Black Hills, typical Fox Hills lithology appears stratigraphically
lower; upper four Baculites zones of Pierre in central South Dakota
are in Fox Hills in Black Hills,

Waage, K. M., 1961 (Wyo. Geol. Assoc., l6th Ann. Field Conf., p. 229~
240): Four members defined (descending): 1) Colgate; fine- to
mediun-grained sandstone; 2 Bullhead, banded gray clay shale and
light-gray siltstone or fine-grained sandstome; 3) Timber Lake,
fine- to medium-grained greenish-gray sand; and 4) Trail City,
light-gray to brownish-gray clayey gilt and silty to sandy clay.
Members vary in stratigraphic detail over large area hut remain
uniform in Corson, Dewey, and Ziebach Counties, South Dakota.

Each member 1s lateral facles of members above and below.

Pettyiohn, W. A., 1967 {Am, Assoc. Pet. Geol,, v. 51, no. 7, p. 1361~
1367): Deltaic sediments in Meade County placed in Fox Hills Por-
mation. Strata dominantly of comtinental origin; contain coal
seams. Two members named (descending): 1) White Owl Creek, 195
feet of lower cross-~bedded sand and sandstone and upper, purple
clay~shale; and 2) Fairpoint Member, 20~6{0 feer of lower shale,
silt and sand sequence, 12B-162 feet of middle sandstone, and
140 feet of upper coal facles, Stoneville coal facles, upper
unit of Fairpoint Member, formerly Stoneville Coal Member., Falr-
point Member is equivalent to part of Colgare and Bullhead Members
farther east. White Owl Creek should correlate in time with Hell
Creek in type area of marine Fox Hills or with Colgate Member near
Creighton, South Dakota. Purple clay-shale named Enning facles of
White Owl Creek Member is result of weathering in late Eocene.

Feldman, B, M., 1967 (Ph.D. Dissert., Univ. N. I., 366 p.): In North
Dakota, Trail City Member cannot be recognized. Timber Lake Member
is unconsolidated medium—~ to fine—graioed sandstone becoming cross-
bedded near top. Bullhead Member iz interbedded sandstone and
shale. Colgate is light greywacke sandstone, Members were depos-
ited penecontemporanecusly with Timber Lake sediment. Bullhead
deposition represents brackish conditions; Colgate represents
strandline deposirion, and Timber Lake deposition represents nor-
mal marine deposition.

Waage, K. M., 1968 (Yale Univ., Feabody Mus. Nat, Hist., Bull, 27, 175
p.): Fox Hills 1is 300-350 feet of sandy, fossiliferous, marine,
and brackish-water strata divisible into two distinctive parts;
gradational into marine Plerre below and nonmarine Hell Creek
above; equivalent to lower part of nonmarine Lance Formation in
eastern Wyoming, Lower part 1s Trail Clty Member, basal clayvey
sillt, grading upward and laterally into Timber Lake Member, wedge-
like sand boedy that pinches out westward. Trail City Member con-
taing Little Eagle lithofacles, blogenically~assemblage zones in
lower part in eastern two-thirds of type areaj westward is Irish
Craek lithafaciles, thinly~bedded gilt and shale with concretions.
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Upper part is Iron Lightning Member (new) of (ascending) thinly-
bedded sand, silt and shale with few maripe fauns named Bullhead
lithofacies and clayey, grayish-white sand with brackish-water
fauna named Colgate lithofacies. Bullhead and Colgate formerly
classed as members but cannot be consistently separated in type
area. Sharp contact between upper and lower parts of Fox Hills
is product of different depositional regimes.

Erickson, J. M., 1971 (Ph.D. Dissert., Univ., N. D., 247 p.): In
south-central North Dakota, four members of Fox Hills recognized
{descending): 1)} unnamed member, very fine- to fine-grained
siliceous sandstone; 2) Iron Lightning, interbedded, poorly con-
solidated sandstone or siltstone (Bullhead lithofacles and medium~
grained, poorly consolidated, sandstone {Colgate lithofaciea); 3)
Timber Lake, fine~ to medium-grained, poorly consolidated sand-
stone; and 4} Trail City, poorly consclidated sandy shale and
siltstone. Trall City and Timber Lake Member represent lower to
upper shoreface of barrier bar environment; Iron Lightning Member
and unnamed member deposited within deltalc complex. Bullhead
lithefacies may represent lagoonal facies behind barrier bar or
baymouth bar,

111, R. J., and Cobban, W. A., 1973 (V. S. Geol, Surv., Prof. Pap.
776, Fig. 19): Sheridan delta is name given to deltaic complex
affecting sedimentation in Rocky Mountain reglon during Late
Cretaceous time; Includes Fox Hills Formatiocn.

Klett, M. C., and Erickson, J. M., 1976 (N. D. Acad. Sci., Proc. 28,
pt. w, p. 3-21): Linton Member named; previously placed in Colgate
lithofacles {(or member). Consists of 0.64~22.4 feet of light olive
gray to grayilsh brown, fine-grained, subangular, moderately to
poorly sorted, indurated, siliceous sandstone with volecanic shards:
interpreted as channel sand deposit. Is probably Meek and Hayden's
Bed Q, resistant sandstone that caps Fox Ridge. Type section in
¥4 sec, 8 and 9, T. 132 N., R, 76 W., 1 mile east of Linton, North
Dakota,

Fox Hills group (broad sense).

See 1878, 1879, and 1888 entrles under Fox Hills Formation, sandstone,
group.

"Fritz sandstone"

Ziebarth, H. C., 1962 (Univ. N, D., M. S. Thesis, p. 30-31): Fritz
: sandstone is blanket-type sandstone that covers most of western
e North Dakota in subsurface. Is oil productive in Ricky Ridge oil
3 fleld and is very similar to Fryburg sandstone higher in section.
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"Frobisher evaporite," "anhydrite"

Age: Mississippian.
Area of extent: Subsurface in Saskarchewan and North Dakota.

Remarks: Informally named for Frobisher Oilf;eld, soytheagtern
Saskatchewan. See also Rival subinterval and Madison Group.

History of stratigraphic nomenclature:

Fuller, J. G. C. M., 1956 {Sask. Dep. Miner. Resour., Rep. 19, p. 34):
"Frobisher evaporite” is bedded primary anhydrite and caps cil pools
in Saskatchewan and North Dakota.

Anderson, 5. B., Hansen, D. E., and Eastwood, W. D., 1960 (N. D. Geol.
Surv., Rep. Invest., No, 36, p. 4): '"Frobisher evaporite" part of
Rival subinterval at top of Frobisher-Alida interval} overlies
"Frobisher-Alida beds" and equivalent te Rival subinterval if
present.

Frobisher-Alida Interval, "beds™

Age: Missigsippian.
Area of extent: Subsurface in Saskatchewan and North Dakota,
Economic significance: 011 productive.

Remarks: Informally named for Frobisher and Alids 011fields, south-
eastern Saskatchewan. BSee also Rival subinterval and Madison
Formation.

History of stratlgraphic nomenclature:

Porter, J. W. (Chm.), 1956 (Sask. Geol. Soc., Report of the Missis-
sippian Names and Correlation Committee, p. 1-4): 'Frobisher-
Alida beds" bounded above by "Midale beds" or "¥Frobisher anhydrite"
and bounded below by "Tilston beds."” Boundaries of "beds” well~
defined horizons of silty or evaporitic beds. Boundary between
Charles Formatlon and Mission Canyon Limestone may be at top of
"Frobisher-Alida beds."

Anderson, 5. B., Hansen, D. E., and Eastwood, W. D., 1960 (N. D. Geol.
Surv,, Rept. Invest., No, 36, p. 5): Frobisher-Alida interval
includes Rival subinterval at top and "Frobisher—Alida beds" where
applicable. Bottom boundary difficult to determine as wells gener—
ally do not penetrate to base of "Frobisher-Alida beds."




83
¥ryburg coal bed {of BULLION CREEX FORMATION)
Leonard, A. G., Dove, L. P., and Eaton, H. N., 1925 (N. D. Geol. Surv.,
Bull. 4, p. 140): Of two coal beds 50-60 feet apart in western
Stark County, lower one has burned out extensively in vicinity of

Fryburg and is named Fryburg Coal Bed.

See also Heart River bed,
“"Fryburg sandstone"

Ziebarth, H. C., 1962 (Univ. N. D., M. S. Thesis, p. 31-32): Fryburg
sandstone 1s blanket sand over most of western North Daketa in sub-
gsurface. Thickness is 15-25 feet. Lack of fine materlal at some

{ntervals indicates winnowing. 01l productive at Scoris-Fryburg
oil field.

FUSON FORMATION, Shale (of DAKOTA GROUP)

Age: Early Cretaceocus.

Area of extent: Black Hills area, north—central Wyoming, North Dakota
and southeastern Montana.

Lithology: Varicolored plastic claystone (bentonitic) and massive to
lenticular sandstone.

Thickness: Up to 300 feer.

Relaticnships to other units: Conformably overlain by Fall River Sand-
gtone and conformably overlies Lakota Sandstone,

Characteristic fosslls: Gastropods, some plant remains.

Economic significance: None.

Depositional environment: Nommarine basins pericdically flooded with
sand from adjacent highlands. Bentonite beds suggest deposition

of volcanic ash under marine conditions.

Remarks: Type locality is Fuson Creek Canyon, east side of Black Hills
near Buffalo Gap, Wyoming.

History of stravigraphic nomenclature:

Darton, N. H., 1901 (U. S. Geol. Surv,, 2lst Ann. Rep., pt. 4, p. 530):
Fuson Fermation is very fine-grained sandstone and massive shale and
clay of varying colors. Thickness 1s 30-100 feet. Underlies Dakota




84

Sandstone and overlies Minnewaste Limestone, Included iIn Dakota
Sandstone of previous reports.

Rubey, W. W., 1930 (U. S. Geol. Surv., Prof. Pap. 165-A, 54 p.): Fuson
Formation is middle formation of Inyan Kara Group.

Gries, J. P., 1952 (Billings Geol. Soc., Gdbk,, 3rd Ann. Fleld Conf.,
p. 75): Fuson should not be considered as separate formation but
shaly closing phase of Lakota deposition., Similar pind, gray and
buff clays may be traced in subsurface east of Missourl River.
There is tendency to lump Lakota-Fuson-Fall River divisions of
Dakota(?) into Dakota or Cloverly Group.

Waage, K., 1959 (U. 8. Geol. Surv., Bull. 1081~B, p. 33): Fuson term
should be dropped from usage because of its close facies relation—
ship with Lakota Formation and its migcorrelations elsewhere.
Where local Mimnewaste Limestone is present, Fuson term may be
helpful but needs new type section because base of Fuson not
present at Darton’s (1901) type section.

Gammon Ferruginous Member {of PIERRE SHALE)

Age: Late (retaceous

Area of extent: Northeastern Wyoming, southeastern Montana, Black
Hills of South Dakota, and North Dakota.

Lithology: Dark gray mudstone and shale with red-weathering concre-
tions and thin beds of siderite. May contain sandstone {Groat) in
upper part.

Thickness: Up to 1000 feet,

Relationships te other units: Disconformable on Niobrara in Colorade;
disconformably overlain by Mitten Black Shale Mamber of Pierre Shale.

Characteristic fossils: Scaphites hippocrepis, Baculitees, Incceramus,
fish remains.

Depositional environment: Stable, offshore marine.

Remarks: Named for exposures along Gammon Creek, T. 57 N., R. 67 W,
and R. 68 W., Crock County, Wyoming. Equivalent to Claggett and
Eagle Formstions of c¢entral Montana and Claggett, Eagle {(Shannon},
and Telegraph (reek Formations of central-southern Montana and
wegtern part of Powder River Basin., See alsoc Plerre Shale.

History of stratigraphic nomenclature:
. Rubey, W. W., 1930 (U. S. Geol. Surv., Prof. Pap. 165-A, p. &4): Gammon
b Ferruginous Member, basal member of Pierre Shale in northeastern
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Wyoming and scutheastern Montana, consists of 800-1000 feet of light~-
gray mudetone and shale with concretions and thin beds of glderite.
Includes Croat Sandstone, 150 feet, mear top, and Pedro bentonite bed
at base. Overlies Niobrara} commonly forms bare buttes. Possible
unconformity at or near base.

Cobban, W. A., 1952 (Billings Geol. Soc., 3rd Ann. Field Conf., p. 87):
Gammon Member, lower half of Pierre Formation, thins eastward across
north flank of Black Hills, In commen corner of Montana, Wyoming,
and South Dakota; 800 feet of Cammon Member divided into three unita.
Upper unit is 150 feet of gray mudatone with numerous ferriginous
and calcareous concretions; middle unit is 50 feet of Groat Sand-
atone; lower unit 1s 600 feet of gray mudstome, alightly calcareous
in basal 150 feet, with numerous red-~weatherimg ferruginous concre-
tions and thin, shaly ferruginous layers.

Robinsen, C. W., Mapel, W. J., and Cobban, W. J., 1959 (Am. Asscc. Pet,.
Geol., Bull. 43, no. 1, p. 101-123): Gammon Ferruginous Member
along west and north flanks of Black Hills, consists of (descending):
1) upper unit, dark-gray mudstone and shale with dark-gray, iron-
cemented, septarian concretioms, 2} Groat Sandstone Bed, 75-100 feet,
Iight-gray glauconitic iron-stained sandstone, and 3) lower unit,
same as upper except concretions are not septarian. Groat fossile
are same as those in Telegraph Creek Shale and Eagle Sandstone of
Montana, and same as in Shannon Sandstone of Powder River Basin,
Wyonming.

Tourtelot, H. A., 1962 (U. S. Geol. Surv., Prof. Pap. 390, p. B):
Gammon not present south of Newcastle, Wyoming., From Newcastle,
Wyoming, southward, overlying Mitten becomes Sharon Springs of
southern part of Black Hills,

Gill, J. R., and Cobban, W. A., 1973 (U. S. Geol. Surv., Prof. Pap. 776,
p. 16~19): Assigned as formation of Montana Group (newly restricted)
only in central Montana; nc longer assigned as member or formatiom
to any named group elsevhere, Remains in good usage as Gammon Fer=~
ruginous Member of Pierre Shale or Cody Bhale 1n southeastern Montana
and northesstern Wyoming.

Garner Creek bed (of BULLION CREEK FORMATION)

Rares, C. J., 1928 (U. S. Geol. Surv,, Bull. 775, p., 50): Garner Creek
Bed lies about 180 feet above Harmon Bed and consistas of lignite.

Carrison Creek bed (of SENTINEL BUTTE)

Andrews, D. A., 1939 (U. S. Geol. Surv., Bull. 906R8, p. 72): GBarrison
Creek Bed, named from exposures along Garrison Creek, crops out
along Miasouri Hiver, and in Minot area of North Dakota.
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GOLDEN VALLEY FORMATION

Age: Eocene,

Aresa of extent: Southwestern North Daketa and northwestern South
Dakota {1).

Lithology: Lower member is white te light purplish-gray kaolinitic clay
with variable amounts of silt and sand; clay bed near middle of lower
member stained yellow to corange by iron oxide. Upper member is light-
gray to yellow and brown, micaceous silt and sand with few lenses of
gray clay and lignite.

Thickness: 5-175 feet, may reach 300 feet.
Relationships to other units: Conformably overlies Sentinel Butte For-
matilon; conformably overlain by White River Formation or is youngest

bedrock formation exposed in North Dakota.

Characteristic fosails: Salvinia preauriculata and other plant
remains.

Economic significance: Pogsible clay potential.

Remarks: Named from exposures in secs. 2 and 5, T. 143 N., R. 90 W.,
and secs. 32 and 33, T. 144 V., R, 90 W. near town of Golden Valley,
Mercer County, North Dakota.

History of stratlgraphic nomenclature:

Benson, W. E., and Laird, W. M., 1947 {(Geol, Soc. Am., Bull. 58, p.
1166~1167): Golden Valley Formation consiste of seriles of fine-
grained, micaceous sands with minor amounts of light-colored clays
and shale (upper unit), which rest on hard, white to dark-gray clay
and locally lignite (lower unit). Near middle of lower unit is
reddish-yellow mottled '"marker bed.” Beds were formerly known as
"unnamed formation" of Wasatch Group. Overlies Paleocene Sentinel
Butte Shale Member of Fort Union Formation; unconformably overlain
by Oligocene White River Group. .

Benson, W. E., 1949 (Geol. Soc. am., Bull. 60, p. 1873-1874): Upper
member of Golden Valley Formation is fipne- to cogrgse-grained,
micaceous, sands and silts with emall clay lenses; lower member is
purplish-gray, carbonaceous shales interbedded with white, sandy,
bentonitic clays commonly stained bright yellow—crange, Golden
Valley Formation is conformable with underlying Tongua River Forma-
tion and unconformable with overlying White River Group. In places,
pre-Oligocene erosion removed entire Golden Valley Formation hefore
White River sediments were deposited.

Great Northern Railway Company Mineral Research and Development Depart-
ment, 1958 (Great Northern Railway Co. Min. Res. and Devel. Dept.,
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Rep. 5, p- 5-23): In Mountrail County, Golden Valley includes White
Earth, South Ross, and East Tioga clay beds.

‘Hickey, L. J., 1977 (Geol. Soc. Am., Mem. 150, 181 p.): Golden Valley
Formation consists of up to 180 feet of claystone, mudstone, silt-
stone, micaceous sandstone, and lignite deposited under fluvisl con-
ditions during Late Paleocene and early Eocene in Williston basin.
Divided into {ascending): 5-65 feet of light gray or brightly
colored kaolinitic strata named Bear Den Member, and up to 150 feet
of yellow to tan 1llitic to momtmorillonitic strata named Camels
Butte Member. Bear Den is Paleocene in agej Camels Butte 1s Wasa-—
tchian, based on megaflora.

Granereos Shale {(of COLORADG GROUP)

Cobban, W. A., and Reeside, J. B., Jr., 1952 (Geel. Soc. Am., Bull. 63,
p., 1011-1044}: Graneroa Formation considered to be in Ward County,
North Dakota.

Laird, W. M., and Towse, D. F., 1953 (rev,) (N, D, Geol, Surv.,, Rept.
Invest. 2, 2 sheets): Graneros Shale is subdivision of Benton.
Benton divided ints two subdivisions: Graneros and Carlile.
Graneros divided into Skull Creek, Newcastle, Mowry, and Belle
Fourche Formations.

This usage not followed by North Dakota Geological Survey although the
United States Geological Survey sometimes uses term Graneros Shale.

Great Bend coal group

Leonard, A. G., 1508 (. D. Geol. Surv., 5th Biean. Rep., p. 80-90):
Great Bend coal group occurs along Little Missouri River from Yule
to Garner Creek, Beds G-1 lie in lower 150 feet of middle division
of Fort Union.

See also Harmon Lignite bed.
GREAT LIGNITE GROUP

See Fort Union Formation, Group

GREENHORN FORMATION (of COLORADO SHALE)

Age: Late Cretaceous,
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srea of extent: Eastern Montana, North Dakota, South Dakota, eastern
Wyoning, Nebraska, and Kansas.

Lithology: Gray to light gray calcareous shale (wudstone) and shaly
marl. Containe thin beds of limy "sandstone" partly composed of
fossil debris. Shale often contains white to pink, calcarecus
specks (Second Speck Zone).

Thickness: Up te 300 feet,

Relationships to other units: Apparently conformable with underlying
Belle Fourche and slightly disconformable with overlying Carlile,.
Equivalent to part of Frontier Sandstone of western Wyoming and
Mosby Sandstone of central Montana.

Characteristic fosails: Inoceramus labilatus, Dunvepanoceras,
Globigerina, fish remains.

Economic significance: None.
Depositional envirenment; Wideapread, stable marine.

Remarks: Type locality on Greenhorn {reek near Pueblo, Colorado.
Second gpeck zone used extensively by subsurface petroleum
geoclogists. Top of Greenhorn usually indicated as readily iden-
tifiable “kick" on electric logs.

Histoxry of stratigraphic nomenclature:

Gilbert, G. K., 1896 (U. 8. Geo. Surv., 17th Ann. Rep., pt. 2, p. 564):
Greenhorn Limestone cousists of limestone beds, 3-12 ipches thick,
separated by somewhat thicker shale beds. Total thickness 1s 25-40
feet, Middle formation of Benton Group im Arkansas Valley region,
Colorado.

Cobban, W. A., 1951 (4m. Assoc. Pet, Geol., Bull, 35, no. 10, p. 2183):

Greenhorn on north flank of Black Hills may be divided into four
~ lithologic units (descending): 1) 60 feet of bluish- te whitish-

weathering mar] with limestone lenses and concretions; 2) 22 feet
of dark blulsh-gray, noncalcareous, very fissile shale with numerocus,
soft, yellow, limeonitic nodules; 1) 33-BD feet of caleareous shale
and impure calcareous marl with calcareous, ferruginous concretions
and buff-weathering, thin, shaly limeatone beds; and 4) 125-250 feet
of light gray, calcareous mudstone with interbedded marl, shaly lime-
stone, and black-gray, noncalcareous shale. Base may be marked by
1 foot of buff, shaly limestone called Orman Lake Limestons. Creen—
horn 1s Cenomanian and Turonian fin age.

Gries, J. P., 1952 (Billings Geol. Soc.,, Gdbk., 3rd Ann. Field Conf,,
p. 76): Greenhorn consists of 35-65 feet of thin limestones with
thick partings of calcareocus shale., Contains Inoceramus lablatus.

Often referred to in subsurface of Williston basin as "Second white
spacks zone.'
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Knechtel, M. M., and Pattersom, §. H., 1962 (U. 8. Geol. Surv., Bull.
1082-¥, p. 918~92Q): Facies relationships of Greenhorn and under-
lying Belle Fourche cauges contact to migrate down-section 45-60
feet from position above Bentonite bed G from west to east across
northern Black Hills. Thinned upper member of Belle Fourche is
replaced by thickened lower part of Greenhorn.

Gregory Marl

See Gregory Member and (row Creek Member of Plerre Shale.

Gregory Member {of PIERRE SHALE)

Age: Late Cretaceous

Area of extent: BSouth Dakota.

Lithology: Marl and dark, bentonitic, bituminous shale.
Thickness: 12-145 feet.

Relationships to other units: Underlies Agency shale zone; cverlies
Niobrara. '

Type section: In Gregory County, South ﬁékota, at south end of Roge-
bud Bridge, south of Wheeler. See also Pierre Shale and {row Creek
Member.

History of stratigraphic nomenclature:

Bearight, W. V., 1837 (S. D. Geol. Surv., Rept. Invest. 27, p. 10-20):
Gregory of Pilerre Shale 1s divided into two lithologically and
faunally distinct parts. Upper Gregory is chalk, argillacecus
chalk, or marl. Lower Gregory is dark, bentonitic Bituminous
shale with fish scales. Basal member of Pierre includes all beds
from top of Niobrara to Qacoma beds socuth of Great Bend of Mis-
sourl River, and northward from this locality, all beds below
Agency shale zone, which lies between Gregory Member and, Sully
Member.

Moxon, A. L., Olson, O. E., Searight, W. V., and Sandals, K. M., 1938
(&m. J. Botany, v. 25, p. 795-796): Upper Gregory referred to as
Gregory Marl and Gregory is subdivision of Sully Member, not Pierre
Formation. Lower Gregory changes to Sharon Springs Member of
Plerre Formation.

Gries, J. P., and Rothrock, E. P., 1841 (5. D. Geol. Surv., Rept.
Invest. 38, p. 5): Beds comprising upper unit of Searight's
(1937) Sharon Springs Member lie above marl; thus, original
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Gregory Member. of Searight contained two marls, Upper part of
Sharon Springs changed to Gregory Member and Crow Creek Marl
and sand 1s name for Searight's upper Gregory marl and thin
sandstgne directly beneath it.

Gill, J. R., and Cobban, W. A., 1965 (U. S. Geol. Surv., Prof. Pap.
3924, 20 p.): In eastern North Dakota Gregory Member is light-
colored calcareous rocks best exposed in valley of Sheyenne River
at Valley Cirty and southward., Overlies Pembina Member, underlies
DeGrey Member.

Rice, 0. C., 1977 (U. 8. Geol. Surv., Misc. Invest. Map 0C-70, 1 sheet):
Gregory Member ig in eastern North Dakota on correlation chart.

GUNTON MEMBER (of STONY MOUNTAIN FORMATION)

Age: Late Ordovician,.

Area of extent: Manitoba, Saskatchewan, North Dakota, northern South
Dakota, and eastern Montana.

Lithelogy: Gray and buff to tan, finely crystalline dolomite and dolo-—
mitic, fossiliferous limestone, In central part of basin may contain
thin anhydrite beds. Around basin margins and on Cedar Creek anti-
¢line, formation becomes sandy and silty.

Thickness: Up to 70 feet.

Relationships to other units: Is upper member of Stony Mountain Forma-
tion. Conformably overlain by Interlake Group.

Characteristic fossils: None listed.

Economic significance: Produces hydrocarbons along Cedar Cresk anti-
cline.

! Depositional environment: Margine of slowly subsiding, cratonic marine
basin.

Remarks: Type locality is Stony Mountain area, Manitoba. See also
Stony Mountain Formation,

History of stratigraphic nomenclature:

Okulitch, V. J., 1943 (Roy. Soc. Can., Irans., 3rd gser., v, 37, sec. 4,
p. 60, and 62~63): Gunton beds consist of thick-bedded, dense, hard,

7 massive dolomite, commonly buff with cccasional red or maroon bands,

_1 Thickness 1is 15-19 feet. Overlies Penitentiary Member (new) and
underlies Birse Member (new).
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gaillie, A. D., 1952 (Manit. Dep. Mines Nat. Rea., Mines Br., Pub. 51-G,
p. 34—-35): Gunton Member and Birse Member combined as the upper
member of Stony Mountain Formation in Manitoba.

Stearn, C. W., 1956 {Can. Geol. Surv., Mem. 281, 162 p.): Gunton of
Ordovicilan age because Ordovician fossils found in overlying
Stonewall,

Saskatchewan Geologlcal Society, 1958 (Rep. of the Lower Palaeozoic
Names and Correlations Committee: Regina, Sask,, Sask. Geol. Soc.,
p. 8): In subsurface, Gunton beds comprise fessilifercus, frag—
mental, dolomitized limestone and dolomite with maximum thickness
of 60 feet, overlain by 1-5 feet of anhydrite and 1-5 feet of
arenacecus dolomitic shale. Overlies Stoughton beds (new}. In
cutcrop Gunton beds are equivalent to Gunton Member.

Carlsen, C. G., and Eastwood, W. P.,, 1862 (N. D. Geol. Surv,, Byll.
38, p. 6 and 7): Gunton is lower member of Stony Mountain Forma-
tion found in subsurface of North Dakota; overlies Stoughton Mem-
ber, underlies Stonewszll Formation.

GYPSUM SPRINC FORMATION, MEMBER

Age: Middle Jurassic.

area of extent: Northern and central Wyoming, Montana, South Dakota,
and North Dakota. '

Lithology: Limestone, gypsum, and red shale, with algal limestone and
sandstone.

Thickness: Up to 250 fest.

Relationships te other units: TUnconformably overlies Chugwater Forma—
tion or Spearfish; locally rests conformably on Early Jurassic Nug-
get Sandstone in Wyoming. Unconformably underlies Sundance Forma—
tien.

Characteristic Fossils: Defonticeras, Stematoceras, and many other
melluscs.,

Economic significance: Gypsum bheds,

Depositional environment: Restricted--evaporitic and open, shallow
marine.

Remarks: Type locality is on east side of Red Creek, sec. 6, T. 6 N.,
R. 3 W., 18 miles southeast of Dubois, Fremont County, Wycning.
Equivalent and coextensive with Piper Formation of Montana.
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f#istory of stratigraphic nomenclature: &

Love, i. D., 1939 {Geol. Soc. Am., Spec. Pap. 20, p. 4243, 45-4&);
Gypsum Spring Member of Chugwater Formation consists of white,
cliff-forming gypsum (lower half) and variegated shale, sandstone,
and limestone. Thickness is 182 feet where exposed on Red Creek,
250 feet in Maverick Springs oil field. Unconformably overlain by
Sundance Formation and underlain by Popo Agie Member of Chugwater.
Triassic{?}).

Branson, E. B., and Branson, C. C., 1941 (Am. Asscc. Pet. Geol,, Bull.
25, no. 1, p. 124, 126, and 136): Rank raised to uppermost forma-
tion of Chugwater Group,

Love, J. D. et al., 1945 (U, S. Geol. Surv., 01l and Gas Inv., Frelim.
Chart 14): Gypsum Spring classed as formation and member of Chug-
water. Consists of basal, red, blocky, sandy, siltstone overlain
by 50~125 feet of massive, white gypsum on surface and white anby-
drite in subsurface, Gypsum overlain by smequence of thin gypsum
beds, red shale, gray dolomites, and limestone. Maximum thickness
is 250 feet in northwest part of Wind River Basin., Unconformable
above Nugget Sandstone. Overlain by Lower Sundance. Contains
Middle Jurassic fossils.

Imlay, R. W., 1947 (Am. Aesoc. Pet. Geol., Bull. 31, no. 2, p. 231, 236~
247): Sequence of gypsifercous beds underlying Sundance Formation in
part of Black Hills region, previously comsidered part of Spearfish
Formation, are correlative with Gypsum Spring Formation of central
Wyonming. Lowest marine Jurassic beds included in Gypsum Spring com-
prise two laterally intergrading facles. One facies consists of
gypsum, generally interbedded with soft, maroon, siltstone and shale,
and is locally 15 feet thick; occurs on weastern side of Black Hills
from Elk Mountain to Sundance and on northeastern side from 10 miles
south of Sturgls to Spearfish., Second facles consists of interbedded
gray shale, limestone, and dolomite and is 21 feer thick; occurs at
northwestern end of Black Hills, Gypsum Springs Formation represents
firat widespread invasion and withdrawal of marine water during
Juragsic in Western Interior region. Middle Jurassiec, representing
Late Bajocian and Bathonlan ages, Underlies Btockade Beaver Shale
Member or Canyon Springs Sandstone Members of Sundance Formation.
Overlies Nugget{?); locally overlies Spearfish Formetion.

et al., 1948 (1. 8., Geol. Surv., 01l and Gas Inv., Prelim. Chart
32): Basal part of Piper Fourmation [(new) locally includes eguivalents
of type Gypsum Spring of Central Wyoming.

s 1952 (Geol. Soc., Am., Bull., 63, no. 9, p. 967-968): Gypsun
Spring Formation represents basal deposits of transgressive seaj
may not be same age throughout, and may represent more time at one
localicy than at another. Gypsum Spring in Big Horn Basin of Wyoming
is correlative with Piper Formation of eaatern Montana and includes
more than type Gypsum Spring. Gypsum Spring of type area in central
Wyoming represents ouly early Middle Jurassic and is correlative with
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lower member of Gypsum Spring. Gypsum Spring usage in Montana arose
because of mapping ease and term Gypsum Spring was sssumed to include
all beds of Middle Jurassic older than type Sundance. Piper now used
for Gypsum Spring in Montana.

Mapel, W. J., and Bergendahl, M, H., 1956 (Am. Assoc. Pet. Geol., Bull.
40, no, 1, p. B4-93): Gypsum and redbed sequence known as Gypsum
Spring Formation in Elk Mountain-Sundance region and Sturgis-Spearfish
region is also near Hulett, Wyoming, where it is from 0-125 feet thick.
It is absent along southern and eastern sides of Black Hills. Litho-
logic character and stratigraphic position suggest representation
of eastward extension of Gypsum Spring Formation of central and north-
ern Wyoming, and lower and middle Piper Formation (Middle Jurassic) of
south-central Montana.

Storey, T. P., 1958 (Albta, Soc. Pet. Geol., J., v. 6, no. 4, p. 90-104):
Late and Middle Jurassic of Williston basin compriess nine etrati~
graphic units or regional intervals and two regional unconformities.
Faunal, envirommental, and tectonic evidence groups units into four
major depositional sequences or stage-like intervals; Gypsum Spring
{or Piper), Sawtocoth, Rierden, and Swift Formations. Miscorrelation
of type sections of formations 1s result of variations in strati-
graphic successlon caused by sub-Swift and sub-Rierdon unconformities
that correspond, respectively, teo Early Callovian and late Callovian-
Early Oxfordian marine transgressions. Lower Swift (Stockade Beaver-—
Hulett of lower Bundance) 1is oclder than type Swift and younger than
type Rierdon Formations; Sawtooth is discrete stratigraphic unit
younger then Piper or Gypsum Spring.

Hagel Bed (of SENTINEL BUTTE FORMATION)

Johnson, W. D., Jr., and Kunkel, R. P., 1959 (U. S. Geol. Surv., Bull,
1076, p. 40): Hagel Bed, named for Hagel Mine, is thickest coal bed
in area, Is found along Square Butte Creek and tributaries in Oliver
County. Is 25-50 feet above Yeagher Bed; may be equivalent to Otter
Creek Bed.

Carlson, C. G., 1973 (N. D. Geol. Surv., Bull, 56, pt. 1, p. 2): Hagel
Bed is 275 feet above base of Tongue River and is being mined near
Center and Stanton.

Hagel Bed 1s believed to be equivalent to Beulah bed by the North Dakota
Geological Survey.

Hancock bed (of BULLION CREEK FORMATION)

Benson, W, E. B., 1952 (U. S, Geol. Surv., Open~file Rep., p. 258): Han~
cock bed 1s lignite named for Hancock Mine. Is about 15 feet below
Stanton bed. May be equivalent to Wolf Creek bed of Smich, C. D.,
1508 (U. S. Geol. Surv,, Bull, 381, p. 19, 20).
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Hanks bed

Leonard, A. G., Dove, L. P., and Eaton, H. N., 1825 (N. D. Geol. Surv.,
Bull. 4, p. 157): Hanks bed is burned coal bed in vicinity of
Hanks, North Dakota.

Harmon lignite bed {of FORT UNION GROUP)

Leonard, A. G., 1808 (N. D. Geol. Surv,, 5th Bienn. Rep., p. 80-80):
Near base of Fort Union Formation is group of thick lignite beds
called Great Bend group. Harmon bed is top bed of Great Bend lig-
nite group, or bed IT of Great Bend Group. About three—guarters

of mile north of Harmon Ranch in sec. 5, T. 138 ¥N., R, 102 W.,
thickesat coal seam is 11 feet,

Hares, C. J., 1928 (U. 8. Geol. Surv,, Bull. 775, p. 4%): Estimate
based on mapped outcrop of Harmon bed or zone indicates it under-
lies 3500 square miles and it may be workable over larger area In
adjacent fielda.

King, J. W., 1835 {H. D. Geol. Soc., Gdbk., Black Hills Field Conf.,

p. 85): Harmon Lignite is 420 feet below top of Tongue River
which is 600 feet thick. Named from Harmon Ranch, North Dakota.

Hayden Group

Age: Pennsylvanian (DesMoinesian).

drea of extent: ZEastern Wyoming, southwestern South Dakota and North
Dakota.,

Lithology: Dark-gray to black sandstone, shale and dolomite.
Thickness: Up to 120 feet,

Relationships with other units: Underlies Mesk Group; overlies Round-
top Group.

Charactaristic fomsils: Mesolobus.
Economic significance: 011 productive,
Depositional environment: Marine.

Remarks: Type locality is Hayden Cliff, mec. 22, T. 27 N., R, 66 W.,
Platte County, Wyo.

,lllIiilIIlIl-lllllllllll||lll....ll||Il.l|l.l.II||l|I|l'l'l'l||||I|||||||.l|||lll|llll.lllllllll"ll'l'lll.
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History of stratigraphic nomenclature:

condra, G. H., Reed, E. C., and Scherer, 0, J,, 1940 (Nebr. Geol. Surv.,
Bull, 134, p. 2, 3, 22 and 453): Hayden Group consists of dark-gray to
black sandstone, shale, and dolomite with red sandstone. Comprises
Division TII of Hartville "Formation" {Condra, ¢. E., and Reed, E, C.,
1935, Nebr., Geol. Surv., Pap. no. 9, 46 p.), Thickness 1s 120 feet.
Underlies Meek Group (new); overlies Roundtop Group {(new).

McCauley, V. T., 1956 {N. D. Geol. Soc., Williston Basin Sym., lst Inter-
nat., Bismarck, N. D.,, p. 150-164): Hayden Group ie transitional
with underlying Roundtop and is difficult to distinguish. Lower part
of section contains several shale or arglllaceous zones that do not
show up well in samples but exhibit high radicactivity on gamma ray
logs. Gamma ray radliocactive zone 18 at contact with overlying Broom
Creek Group over most of North Dakota, but does not occur along west—
ern flank of Williston basin, in western North and South Dakota and
eastern Montana. Hayden probably consists of basal sandy zone and
radicactive sequence in North Dakots but contacte not chosen,

Haymarsh Creek bed (of BULLION CREEK FORMATION)

Barclay, C. 8. V., 1974 (U. 8. Geol. Surv., Coal Invest., Map C-67, 13
P.s 2 pl.): Haymarsh Creek bed i{s local lignite unit in Dengate
Quadrangle, ¥orth Dakota. Is probably equivalent to HT Butte lig-
nite of western North Dakots.

See also H T Butte lignite.
Haynes bed (of BULLION CREEKX FORMATICN)

Lloyd, E. R., 1914 {U. S. Geol. Surv., Bull, 541G, p. 252): Haynes bed
iz lowest ilmpovtant lignite in Cannonball River Field except in
vicinity of Cannonball River. Reacheg thickness of 6 feet.

Hazen A bed (of SENTINEL BUTTE FORMATION)

Benson, W. E. B., 1952 (U. S. Gecl. Surv., Open—file Rep., p. 255):
Hazen A bed is lowest coal bed that crops out near town of Hazen.
Is 4-5 feet thick; occurs 155-160 feet below Beulah-Zap Bed.

Hazen B bed {of SENTINEL BUITE FORMATION)

Benson, W. E. B., 1952 (U. S. Gecl. Surv., Open-file Rep., p. 243):
Hazen B bed, named for exposures near Hazen, outcrops along
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¥nife River valley to town of Beulah. Hazen B Bed is about 110-115
feet below Beulah-Zap Bed.

H bed (of BULLION CREEK FORMATION)

Hares, C. J., 1928 (U. 8. Geol. Surv., Bull. 775, p. 48): Near base of
Fort Union Formation is group of thick lignite beds called Great Bend
Group. Bed H is lowest bed of group and lies about 60 feet above
Lance Formation.

See also Great Bend Group.
Heart River bed (of SENTINEL BUTTE FOEMATION)

Leonard, A. G., Dove, L. P., and Eaton, H. N., 1925 (N. D. Geol. Surv.,
Bull., 4, p. 140): Of two coal beds 50-60 feet apart in western
Stark County, upper bed is named Heart River Coal bed.

See also Fryburg Coal bed.
HEATH FORMATION of BIG SNOWY GROUP

Age: Mississippian (Late Chesterian).

Area of extent: Montana, possibly western North Dakota.

Lithology: Black fissile, petroliferous shale and minor sandstone,
Thickness: Up to 150 feet,

Relationships to other units: Unconformably underlies Tyler or Amsden
Formation and conformably overlies Otter Formatiom.

Characteristic fossils: Spirifers, corals.
Depositional environment: Restricted marine.

Remarks: Type locality is north flank of Big Snowy Mountaias, sec. 6,
T. 12 N., R. 20 E., near Heath, Montana. Thin chips of petroliferous
Heath shale give off enough volatile material when heated to support
flame. Locally, hollow brachicpod shells contain free brown oil.

See also Big Snowy Group.

History of stratigraphic nomenclature: .
Scott, H. W., 1935 (Geol. Soc. Am., Proc., 1934, p. 367): Big Snowy
Group includes Kibbey, Otter, and Heath Formations. Consists of
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variegated shale with intercalated limestones and sandstones.
Overlies Madison limestone,

Scott, H. W., 1935 {J. Geol., v. 43, p. 1016-1032): Heath formation
consiats of primarily black petroliferous shales with sandstone,
forming upper formation of Big Snowy Group. Thickness may reach
500 feet. In most sectlions, three sandstone beds occur in upper
half, On southeastern flank of Big Snowy Mountains, sandstone
beds have been grouped as Van Dusen sand, which should be con-
gidered as member at top of Heath Formation, On northeastern
flank of Big Snowy Mountains, gsandstone beds occupying same
stratigraphic zone are Tyler sand which should be considered as
member at top of Heath, Heath conformably underlies Amsden and
conformably overlies Otter. Fossils are closely related to fauna
of Brazer limestone of Idaho and Mcorefield formation of Arkansas
and are not older than Warsaw nor younger than Upper Chester.

Anderson, 8, B., 1954 (¥. D. Geol. Surv., Rep. Imvest. 16, 2 sheets):
Heath Formatlon is sequence of sandstones and black shales con-
fined to subaurface of western North Dakota. Maximum thickness
is 130 feet in Horth Daketa. 0411 productive. Excellent marker
on radicactivity loga.

Mundt, P. A., 1956 (Billings Geol. Soc., Gdbk., 7th Ann. Field Conf.,
p. 46-47}: Upper limit of Heath Formation (Scott, 1933}, is not
acceptable since upper part includes prolific oil sanda (Tyler
sandstone), and unit is separated from lower nonsandy part of
Heath by angular unconformity. Heath should be restricted to
beds below the unconformity, and beds above, formerly included
in Heath, should be separate unit (Tyler).

Willis, R. P., 1959 {Am, Assoc. Per. Geol,, Bull, 43, p. 1940-1966}:
Tyler~Heath interval extends eastward from central Montans into
Williston basin of North Dakota. Tyler-Heath is overlain by Amsden
(regstricted), and is early Pennsylvanian (Morrowan-Atokan). Heath
considered uppermost unit of Blg Snowy Group.

Foater, F. W., 1961 (World 041, v. 152, p. 89-93): Representation of
Heath Formation (restricted) is in form of erosional remnants and
particles of Heath Shale in basal Tyler conglemerate. Alagka Bench
Formation overlies "Heath,"

Ziebarth, H. C., 1962 (Univ. ¥. D., M. 5, Thesis, 146 p.), Heath For-
mation in subsurface of southwestern Horth Dakota conslsts of five
laterally traceable lithologic units (three shaly sequences sepa-
rated by two locally petrolifercus sandstone units). Unconformity,
evidenced by conglomeratic horizon, separates lower two from upper
three units. Fauna includes nommarine ostracodes and nonmarine
pelecypods and syncarid crustaceans that occur in units inter—
tonguing with units containing marine brachiopods and pelecypoda.
Foassils above unconformity indicate Pennaylvanian age and fosasils
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below indicate Mississippian age. Heath Formation above unconform-
ity 1s correlative with Tyler Formation in Montana. Overlies Otter
and underlies Amsden; 1s oil productive,

Hecla beds, facies {of RED RIVER FORMATION)

Decker, C. E., 1942 (Am. Assoc, Pet. Geol., Bull, 26, no. 1, p, 123~
125): Middle Ordoviecian grapteolites found in tramsition Zome in
South Dakota.

Baille, A. D., 1952 (Manit. Dep. Mines Min. Resour., Mines Br. Pub.
51-6, p. 15): Dog Head Member given to beds at base of Red River
Formation in Williston basin.

Carlson, C. G., 1980 (N. D. Geol. Surv., Bull. 35, p. 61): Transition
zone placed in upper part of Roughlock Member of WinniIpeg Formation.

Fuller, J. G. C. M., 1961 (Am. Assoc. Pet. Geol., Bull, 45, no. 8, p.
1345-1348): Heclz beds are 10-40 feet thick and are in Red River
Formation. HNamed from Hecla Island near Grindstome Point on wesat
shore of Lake Winnipeg. Hecla beds {transition zone) are typi~
cally calecareocus, variably sandy and argillaceocus, aad sporadically
glauvconitic.

Sandberg, C. E., 1962 {U. S. Geol. Surv., TEI-809, p. 28): Hecla beds
are part of underlying Winnipeg Formation.

Hebron member {(of GOLDEN VALLEY FORMATION)

Hickey, L. J., 1966 (The paleobotany and stratigraphy of the Golden
Valley Formation in western North Dakcota: Ph.D. Digsert., Prince~
ton, 265 p.): Hebron Member of Golden Valley Formation consists
of 5-65 feet of hard, kaclinitic clay or silstone, generally light
or brightly colored. Confoermably and unconformably overlain by
Bickinaon Member; conformably underlain by Fort Union Formation.
Type locality is in sgecs. 1-6, 8, 9, and 11, T. 140 N., R, 90 W.,
north of Hebron, North Dakeota.

See also Bear Den Member.

HELL CREEK FORMATION

Age: Late Cretaceous.

Area of extent: Montane, Nerth Dakota, South Dakota, northern Wyoming,
Saskatchewan, and Manitobas.
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Lithology: Alternating beds of sandstone and shale, with lignire,

Thickness: Up to 400 feet.

Relationships to other units: Conformable, locally unconformable om
underlying Fox Hills Sandstone; conformable with overlying Fort
Union Formation. Probably equivalent to lower(?) part of Lance
Formation.

Characteristic fossils: Triceratops, plant fossils, occasional
pelecypods, and small mammal remains.

Economic significance: None.

Depositional enviromment: Subaerial marine top-set beds of giant
&el ta.,

Remarks: Named from exposure on Hell Creek, Garfield County, Montana.
Hell Creek crops cut in Burleigh, Emmons, and Sioux Countles ia
Rorth Dakota. Also are outcrops in southwestern part of state.

See also Crowghost, Breten, Fort Rice, Huff, Pretty EButte, Little
Beaver {reek, Marmarth, and Bacon Creek HMembers.

History of stratigraphic nomenclature;
Brown, B., 1907 (Am. Mus. Nat. Hist., Bull. 23, art. 33, p. 329-835):

" Hell Creek Beds are 360 feet of fossil-bearing, fresh-water deposits
of alternating sandstone and clay in western half of Dawson County,
Motitana., Moat congtant member of series ig massive basal gandstone
up to 160 feet thick. Hell Creek beds are prodably continuous with
dinogsaur-bearing beds of Little Missouri, Grand and Moreau Rivers.
Is Late (retaceous in age. Is separated from overlying Fort Union
Formation by 100 feet of lignite beds named Fort Union (7). Uncon-
formably overlies Fox Hills Formation. Is lithologically gimilar te
Ceratops beds of Converse County, Wyeming.

Thom, W. T., Jr., and Dobbin, C. E., 1924 {(Geol., Soc. &m., Bull, 35,
p. 484-499): Hell Creek Member of Lance Formation defined as "Hell
Creek Beds” plus "lignite beds' Brown (1907) between Fox Hills Sand~
stone below and Tullock Member of Lance above. In gouthwestern
Rorth Dakota is overlain by either Ludlow Lignitic Member of Lance
Formation or equivalent Cannonball Marine Member of Lance:; overlies
Fox Hills Sandstone. Consists of somber hadlands clays, probably
accumulated in topsaet awamps of large delts, and fluvatile sand-
stones; sandstones being more numerous gnd consplcuous toward south-
west. Remains of small mammals found in sandstones; dinosaurs
(including Triceratops) are numerous below "A" Lignite, which marks
baze of Browm's (1%07) "lignite beds,'" But have not Been found above
that horizon. Hell Creek and overlying strata are much more cal-
careocus than Brown member of Fox Hills and older strata, In Cedar
Creek anticline, North Dakota and Montana, Hell Creek Member over-
lies Colgate Sandstone Member of Fox Hills.
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gimpson, G. G., 1937 (U. S. Nat. Musc., Bull. 169, p. 15-20): Fort
Union of Crazy Mountain field, Montana; consists of beds up to and
including true dinosaur-bearing Lance and Hell Creek and thedir
equivalents belong to Cretaceous and that overlying beds without
dinosaurs (except by redeposition) and with mammals of Tertiary
type (including carnivores, condylarths, and others) from Puerco
and its equivalents upward, are to be placed in Tertiary. Hell
Creek Formation underlies Bear Formation (new).

Collier, A. J., and Knechtel, M, M., 1939 (U. S. Geol., Surv., Bull. 505,
p. 10-11}): In McCone County, Montana, Hell Creek beds mapped as mem-
ber of Lance Formation, overlie Colgate Sandstone Member of Fox Hills
Formation and underlie Tullock Member of Lance. Since present

! report was written {(footpnote, p. 10), Hell Creek and Tullock Members

have been raised to rank of formation. Hell Creek 1s considerad to

be Cretacecus, and Tullock to be Cretaceous or Eocene. Lance is
asslgned to Eocene(?)}.

] Dorf, E., 1940 (Geol. Soc. Am., Bull. 51, p. 213-236): Study of floras
) of type lLance and Fort Union Formations show that Lance Formation
{egquivalent to Hell Cresk Formation) is placed {n Late Cretacecus;
Tullock Formation (equivalent to Ludlow Formation and Cannonball
Marine Member} is placed at bame of Paleocene Fort Union Group.

Laird, W. M., and Mitchell, R. H., 1542 (N. D. Gecl. Surv., Bull. 14,
p- 9-153): Hell Creek Formation described in Morton County where it
reaches 250 feet in complete exposures. TIncludes Breien Member
{new). Overlies Fox Hills Formation; underlies Ludlow Formation
of Fort Union Group.

Seager, 0, A. et al., 1542 (aAm., Assoc, Pet, Geol., Bull, 26, no. 8, p.
1415-1418): Hell Creek is youngest Cretaceous Formation of North
Dakota. Consists of gray bentonitic sands spnd shales with lentic~
ular beds of layender-brown, lignitic shale and rusty-brown to
purplish-black, ferruginous concretions., Thickness varies from
575 feet near Marmarth to less than 100 feet in Souris River area,
Underlies Cannonball Member~Ludlow Member of Fort Union,

Colton, R. B., and Bateman, A. F., Jr., 1956 (U. S. Geol. Surv., Misc.
Geol. Invest., Map I-225): Hell Creek Formation returned to
original definition of Brown {13907) and "lignitic beds" included
within Fort Uniocn Formation.

Frye, C. I., 1969 (N. D. Geol. Surv., Bull. 54, p. 30-39): Hell Creek
Formation divided into § members inm North Dakota {ascending):
Crowghost Member (new), Breien Member, Fort Rice Member (new),

Huff Member (new), and Pretty Butte Member in central North Dakota
and ascending Litrtle Beaver Creek Member (new), Marmarth Member,
and Pretty Butte Member iIn southwestern North Dakota., Unoamed
ninth member may be present inm Montana.




101

"Hell Creek lignite" (of HELL CREEK FORMATION)

King, J. W., 1955 (N. D. Geol. Soc., Gdbk., Black Hilla Field Conf.,
p. 85): Illustrated Bell Creek lignite ag being 10 feet below top
of Hell Creek Formation. g

Herman bed {of SENTINEL RUTTE FORMATION)

Johnson, W. D., Jr., and Kunkel, R. P., 1859 (U. 8. Geol. Surv., Bull,
1076, p. 44): Herman bed is lignite found on Herman farm in sec.
28, T. 143 ¥., R. 87 W. 1Ia 25-30 feet above Buckmann bed and crops
out along Otter Creek.

HT Butte lignite (of BULLION CREEK FORMATION)

Heres, C. J., 1928 (U. S. Geocl. Burv., Bull. 775, p. 50)}: BT Butte
lignite is basal bed of Sentinel Butte Shale; averages 9 feet in
thickness but can reach 16 feet thick. Has been largely eroded or
burned out and now only occurs as remmants. Equivalent to bed F
of Sentinel Butte Lignite Group of Leonard, A. G., and Smith,
€. D., 1909 (U. S. Geol, Surv., Bull, 341, p. 30) and Bed R of
Leonard, A. G., 1908 (N. D. Geol., Surv., 5th Blenn. Rep., p. 90~
102} and may correspond te Roland Coal of northern Wyoming.

HUFF MEMBER (of HELL CREEXK FORMATION)

Frye, C. I., 1969 (N. D. Geol. Surv., Bull. 54, p. 37-38): Huff Mem-
ber consists of thick sandstone bodles separated vertically and
laterally by bentonites and bentonitic shales. Overlies Fort Rice
Member; underlies Pretty Butte Member. Named from Huff, North
Dakota; type section is 1 mile southwest of Huff, SW; sec. 8, T.
136 N., R, 79 W,, Morton County, North Dakota. Is very extensive
member of Hell Creek Formation, Fossils are marine, brackish-
water, and fresh water forms. Huff Member is considered to be
channel deposits of large rivers.

ICE BOX SHALE MEMBER (of WINNIPEG FORMATION)

Age: Middle(?)} Ordovician,

Area of extent: Northern Black Hills, possibly present in subsurface
of Montana and North Dakota.

Lithology: Soft, silty, green-gray to ollve shale.
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Thickness: Up to 143 feet.

Relationships to other units: Overlies Aladdin Sandstone and underlies
Roughlock Siltstone in northersn Black Hills area. This unit formerly
ineluded in Whitewood Dolomite. Egulvalent to part of Winnipeg For-
mation of Williston Basin.

Characteristic fossils: S8colecodontsa, conodants, fish remeins, pelecy~-
pods, gastropods, and linguleid brachicpods.

Fronomice significance: None,
Depesitional envircnment: Marine shelf,

Type section: Secs. 14 and 23, T. 5 N., R. 3 E., Butte County, South
Dakota. :

Remarks: Named from Ice Box Gulch. See also Winnipeg Formation.

History of stratigraphic nomenclature:

McCoy, M. R., 1332 (Billings Geol. Soc., Gdbk., 3rd Ann. Field Conf,,
p. 45-46): 1Ice Box Shale Member is 30-40 feet of silry, fissile,
greenish~gray to olive ghale; soft, noncalcareous, occasionally
platy to splintery, with black phosphate nodules several milli-
meters in diameters in upper part, Overliles Aladdin Sandstone
{new) and underlies Roughlock Siltstone (new). Type section given.

Carlsgon, C. G,, 1360 (¥. D, Geol, Surv., Bull, 35, p. 58-589): Ice Box
Member of Winnipeg Formatiom consists of 90-145 feet of greenish gray
to dark greenlsh gray, splintery to fisaille, waxy, non-calcaregus
shale, Locally, in eastern North Daketa, shale may be pale brown
or graylish red., Gradational contact with underlying Black Island
and overlying Roughlock Members.

Interior Member (of PIERRE SHALE)

Age: Late (retacgous

Area of extent: Southwestern South Dakota and northwestern Nebrasks.
Litholegy: Thin-bedded, sandy shale.

Thickness: Up to 45 feet,

Relationshipa to other unitg: Unconformably underlies Chadron Forma-
tion; overlies Plerre.

Remarks: Type locality 1g a few miles west of Interdicr, Jackson County,
South Dakota.
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History of stratigraphic nomenclature:

Ward, ¥F., 1922 (8. D. Geol. Nat. HEist, Surv., Bull., 11, p. 18-20): Top
35 feet of Pierre in southeastern Pennington County and southwestern
Jackson County is Interior phase. Thin beds of yellow-brown shale
become darker brown and darker purple in upper part. Fossils are
those of Plerre; field studies place it as Fox Hills. Grades into
underlying "typical” Pierre. Unconformably underlies Chadron Forma-—
tion {(Oligocene).

Toepelman, W. C., 1922 (5. D. Geol. Nat. Hist. Surv., Bull. 11, p. 64):
Interior may be slightly sandy phase of Pilerre formed by weathering
and leaching. Nebraska Geological Survey calls these beds Rusty
Menmber of Plerre,

Wanless, H. R., 1923 {im. Philos. Soc., Proc., v. 62, p. 194): Interior
is 0-45 feet of lavender and blue clays weathering to rusty-brown,
Contains calecareous nodules with cone-in-cone structure and con-
centrically banded pink or red nodules. Rests on Pisrre with irre-
gular surface.

Ward, F., 1926 (Am. J. Sci., 5th Ser., v. 11, p. 350-352): Type local-
ity 1s few miles west of Interior, Jackson County, South Dakota. Is
30 feer thick at type locality, 45 feet thick 21 miles north of type
locality. Interior is part of Fox Eills Fermation.

Moxon, A. L., Olson, O. E., and Searighr, W. V., 1939 (5. D. Agr. Exp.
Sta., Tech. Bull. 2, p. 20): Mobridge Member replaced by Interior
as Interior has precedence.

Gries, J. P., and Rothrock, E. P., 1941 (5. D. Geol. Surv,, Rept. Invaest.
38, p. 9-30): Since incomplete eguivalence of all Interior beds to
Mobridge beds, Mobridge retained. Interior usage dropped.

Dunham, P, J., 1961 (Geology of Uranium in Chadron area, Webraska-South
Dakota, U. 8. Geol. Surv., Open~File Rep., p. 55-98): Weathered zone
formed on rocks of Pierre Shale down to Nicbrara and Carlile studied.
Weathered zone is Eocene in age; has been called Interior Formation.

Interior formation

Pettyjohn, W. A,, 1966 (U, 5. Geol. Surv., Prof. Pap. 550-C, p. 61-63):
Eccene palepscl, which has been termed Interisr Phage of Plerre,
Interior formation, or Interior periocd of weathering is expored at
several widely separated lecalities in weatern North Dakota,

INTERLAKE FORMATION, GROUP

Age: Silurian.
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Area of extent: Manitoba, Saskatchewan, North Daketa, northwestern South
Dakota, amd eastern Montana.

Lithelogy: Fine-grained, pale dolomite and dolomitized, fragmental lime-
stone with beds of sandy, silty, or clayey dolomite. Three thin beds
of anhydrite occur in central basin area.

Thickneas: Up to 1100 feet,

Relationships to other units: Overlies Stony Mountain Fermation and
underlies Ashern Formation in eastern Montana, Difference of opin-
ion exlsts among workers as to top and base of Interlake Group in
subsurface of Williston basin.

Characteristic fossils: Leperditia hisingerdl, Virgiana decussata,
Fletcheria guelphensis, Palaecfavosites sp., Brachyprion sp.,
"amplexus" severnensis.

Economic significance: 011 productive.
Depositional environment: Shallow-water marine,

Remarks: Type locality is Interlake area of Manditoba. See alsg Stone-
wall Formation.

History of stratigraphic nomenclature:

Baille, A. D., 1851 (Manit. Dep. Mipnes Nar, Resour., Div., Mineas Pub.
50-1, p. B8): Interlake Group congiets of cresm to white, earthy to
lithographic limestone and dolomite with local zones of reefy poros-

ity and permeability. Contains pyrite and thin, irregular laminse
of green shale, and scattered gand grains. Interlake Group is
divided into five formations (referred to by letters), But only
basal formation {Stonewall) named. Thickness {s 200-80Q0 feet.
Top and base of unit is under discussion.

Stearn, C. W., 1953 (Geol. Soc. Am., Bull., v. 64, p. 1477-1478):
Stonewall fauna is late QOrdoviclan. As rest of Interlake is
Middle Silurian, Stonewzll ghould ba removed from Interlake.
Interlake divided inte six formations.

Porter, J. W., and Fuller, J. G. C. M., 1958 (¥. D. Geol. Soc., 2nd
Internat. Williaton Basin Sym.: Conrad, Bismarck, p. 33=39):
Interlake Group divided inte lower, middle, and upper beda.

Apndrichuk, J. M., 1959 (Am. Assoc,, Pet. Geol., Bull, 43, no. 10, p.
2381l): Stonewall Formation retained in Interlake Group, ae most
recognizable unconformity occurs at base of Stonewall.

Fuller, J. &, C, M,, 1961 {Am. Assocc. Pet, Geol., Bull., 45, no. 8, p.
1350-1351): Iaterlake is succession of psle—colored dolomite,
anhydrite, and calcareous sandatone. Interlake divided into
three unnamed units.
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Carlsen, C. G., and Zastwood, W. P., 1962 {§. D. Geol., Surv., Bull, 38,
p- 10): Interlake Formation of Silurfan age 1s divided intc three
intervals {upper, middle, and lower) on baeis of fine-grained clastic
marker horizons that mark interruptions in predominently carbonate
deposits. Stonewall Formation 1s separate distincet formation of
pogsible Ordovician age, and is not included with Interlake Forma-
ticn,

Irigh Creek Lithofacies (of TIMBER LAKE MEMBER of FOX HILLS FORMATION)

Age: Late Cretaceous.

Area of extent: BSouth Daketa and North Dakota.
Lithology: Clay and gilt with some fine-grained gand.
Thickness: Up to 130 feet.

Relationships to other units: Overlies Pierre Shale and underlies Iron
Lightniag Member of Fox Hills.

Characteristic fogsgils: Rare molluscs.
Depositional environment: Marine.

Type section: South~facing cutbank and bluff north of Moreau River about
0.8 miles southwest of its confluence with Irish (formerly Worthless)
Creek, in the center, gec, 32, T. 15 N., R. 21 E., U. 8. Geol. Burv.
Dupree NE quad., Ziebach County, S8, D, ,

Remarks: See Timber Lake Member,

History of stratigraphic nottenclature:

Waage, K. M., 1968 (Yale Univ., Peabody Mus. Nat. Hiat., Bull., 27, p.
80-73): West of study area, Irish Creek lithofacies is thinly-
pedded sillt and shale with mostly barren concretions. Upper part
of Irish Creek cccurs along northwestern part of Grand River and
tributaries, west side of Moreau River Valley, and on south and
east end of Cheyenne-Moreau DMvide in South Dakota.

IRON LIGHTNING MEMBER (of FOX HILLS FORMATION)

Age: Late Cretacecus.

Area of extent: BScuth Dakota and North Dakota.

Lithology: Thinly-bedded sand, silt and shale with bodies of clayey,
grayish-white sand.
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thickness: Up to 170 fzet.

Relationships to other units: Conformable with underlying Timber Lake
or Trail City Member; conformable and unconformable with overlying
Hell Creek,

Chatracteristic fossils: Molluscs, fish, reptiles, birds, mammalg, and
plants.

Depositional environment: Marine delta.

Type section: Pleced from partial sections in Wy, sec., 33, T. 14 N.,
R. 18 E., U. 8. Geol. Surv. Redelm NE quad., Ziebach County, 8. Dk.

Remarks: See alao Bullhead and Colgate lithofacies,

History of etratigraphic nomenclature:

Waage, K. M., 1968 (Yale Univ.,, Peabody Mus, Nat. Hist., Bull. 27, p.
116-138): 1Iron Lightning Member is upper Fox Hills and consists
of thinly-bedded sand, silt, and shale with sparse marine fauna
{Bullhead lithofacies and bodies of clayey grayish-white sand with
brackish-water fauna {Colgate lithofacies). Iron Lightuing rests
on planed surfaces at several levels on lower Fox Hills, rising
steplike eaatward. Conformable with Hell Creek Formation in South
Dakota. Sediments are of deltaic front advancing from west. Some
fluctuations in gea levels are indicated.

Erickson, J. M., 1971 (Ph.D. Diassert., Univ. N. D., p. 23): Iron
Lightning Member found in south-central Horth Dakota; consists of
interbedded, poorly consolidated sandgtone or siltstone {Bullhead
lithofacies) and medium-grained, poorly consclidated sandstone
{Colgate lithofacies). Iron Lightning deposited in marine deltaic
sequence; Bullhead lithofacies may be lagoonal deposit behind bar-
rier or baymouth bar.

JEFFERSON GROUP, Formation

Age: Middle Devonian,

Area of extent: Montana, western Wyoming, Idaho, Utah, Korth Dakota,
and Bouth Dakota.

Lithology: C{yclic sequence of carbonates and evaporites with minor
ampunts of siltstone and shale.

Thickness: Maximum of 640 feet in North Dakota.

Relatlonships to cther units: Overlies Souris River Formation; under~
lies Three Forks Formation.
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Characteristic fosails: Corals, stromatoperoilds, and bryozoans.
Economic significance: éil pruduati#e.
Depositional enviromment: Alternating restricted and open marine,
Remarks: Named after Jefferson River, Montana.

History of stratigraphic nomenclature:

Peale, A. C., 1893 (U. S, Geol, Surv,, Bull. 110, p. 27-28): Jeffer-
son Formation consists of 640 feet of brown and black crystalline
ligestone; underlies Three Forks Shale and conformably overlies
Gallatin Formation. Is well-exposed on bluffs on both sides of
Missourd River just below junction of Three Forks of Migsourl
River, and on both sldes of Jefferson a few miles above mouth,
in Three Forks quadrangle, southwestern Montana. Probably can
be correlatred with part of Beaver Hill Lake Formation of Sas-
katchewan and Manitoba Formation of North Dakota and Manitoba.

S8loss, L. L., and Laird, W. M., 1948 (0. 8, Geol, Surv., 0il and
Gas Invesc., PC 25}: Jefferson Formation divided inte upper
dolomite member and lower limestone membar. Basal limestone
member transitlonal with underlying shales.

Sandberg, C. A., and Hawmond, C., R,, 1958 (Am, Assoc, Pet, Geol.,
Bull. 42, no. 10, p. 2315): Jefferson Group divided in Duperow
{below) and Birdbear (above) Formations.  Definition of Jeffer-
son Group is original definition of Peale {1B33) as redefinition
by Sloss and Lalrd {1946) includes bottom part of Three Forks
Formation.

JUDITH RIVER FORMATION (of MONTANA GROUP)

Laird, W. M., and Towse, D. F., 1949 (N. D. Geol. Surv., Rep. Invest.
2, 2 sheets): Judith River Formation shown to produce gas at
several locatiouns im North Dakota.

Jura~Triassic red bedas

Age: Late(?) Permian and Barly(?) Jurassic.
ﬁrea‘of extent: Montana, North Dakota, and Saskarchewan,

Litholegy: Reddish brown, silty and non-silty dolomitic shales with
sand; with salt Iin western North Dakota and eastern Montana.

Thicknesz: Up to 625.fee:.
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Relationships to other units: Unconformably reste on limestones and
redbeds of Paleozolc age. Boundary difficult to determine where
redbeds are in contact with Big Snowy Group or Minnekahta and
Opeche Formations of Montana and North Dakota bBecause of litho-
logic similarities. Conformably underlies Jurassic nenclastics,

Characteristic Ffosslls: None.
Economic significance: HNone.

Depositional environment: Marine, and eollan sand.

Remarks: No type gection, locality, or area. Jurassic-Triaassic con~
tact probably within this unit., See also Spearfish Formation, Pine
Salt, Saude Formation, and Dunham Salt.

History of stratigraphic¢ nomenclature:

Francis, D. R., 1356 (Sask. Dep. Min. Rea., Rep. 18, p. 18-22): Jura-
Triasgic Red Beds consist of reddish-brown silty and non-silty
dolomitic shales., One or more unconformities may exist within unit.
Lower boundary difficult to determine where redbeds im contact with
Big Snowy Group or Minnekahta and Opeche Formations in Montana and
Korth Dakota, but readily apparent where redbeds rest on Paleozoic
carbonates. Upper boundary placed at lowest occurrence of masgive
nonclastics in Jurassic; overlying beds are evaporites in eastern
half of Williston basin and carbonates over weatern half.

,» 1957 (Am. Assoc. Pet. Geol., Bull., 41, no. 3, p. 376): Jura-
Triassic Red Beds underiie Gypsum Spring or Sundance Formationa in
Williston Basin. Consist of red sllty shales grading into argil-
lacegus giltstone near base and becoming progressively less silty
upward. Lower part or all Jura~Triassic Red Beds is considered to
be equivalent to Spearfish Fermation of Black Hills.

Keld Member (of Favel Formation)

Cobban, W, A,, and Reaglde, J. B., Jr., 1352 (Geol., Soc. Am., Bull, &3,
no. 10, p. 993-1010): Keld Member of Favel Formation {lLate Cretaceous)
is found on Pembina escarpment, Manitoba and North Dakota, Overliea
Ashville Formation; underlies Assiniboine Member of Favel Formation.
This usage not followed by later writers.

EIBBEY FORMATION, Sandstone {of BIG SNOWY GROUP)

Age: Chesterian to Late Meramecian.

Area of extent: Montana, western North Dakota, northwestern South
Dakota.
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Lithology: White to red sandstone, red shale, and thin gypsum beds.
Characteristically has medial unit called Kibbey Limestone,

Thickness: Up to 200 feet.

Relationships to other units: Conformably underlies Otter Formatilon;
disconformably overlies Charles Formation. Lowest unit of Big
Snowy Group.

Characteristic fossils: HNone.
Economic significance: ¢il productive.
Depositional environment: Marine shelf, under oxidizing conditions.

Remarks: Type locality near Kibbhey Post Office, Fort Benton regionm,
central Montana. See also Big Snowy Group,

History of stratigraphic nomenclature:
Weed, W. H., 1BG% (U. §. Geol, Surv., Geol. Atlas, Folie 35): Kibbey
Sandstone conastitutes lowest beds of Quadrant Formation.

Wilmarth, M. G., 1938 (U. 8. Geel. Surv., Bull, 896, pr. 1, p. 1081):
U. 5. Geolegical Survey adopted Kibbey Sandstone Member of Quadrant
Feormation in 1907,

Scott, H. W., 1835 {J. Geol,, v, 43, p. 1011~1032): Big Snowy Group
is new name for lower part of beds formerly assigned to Quadrant
Formation, Divided into three conformable formations (descending):
1) Heath (new), 2) Otter, and 3) Ribbey formation, Kibbey is red
to grayish-yellow sand and red shale, with occasional gypsum or
anhydrite. Few limestones. Thickneas 50-300 feet.

Seager, O. A,, 1942 {(Aam, Agsoc. Pet. Geol., Bull. 26, mo. 5, p. 863):
In subsurface of Cedar Creek anticline, southeastern Montana, Kibbey
Formation overlies Charles Formation (new).

Anderson, S. B., 1954 (¥. D, Geol. Surv., Rep. Invest. 14, 2 sheets):
Kibbey Formation in North Dakota iIs sequence of shales, sandstone,
and limestone In subsurface of western Rorth Dekota and eastern
Montana. Overlies Charles in deeper part of Williston bhasing
underlies Otter and Heath where not eroded. Kibbey la reddish or
occasionally light gray, medium— to fine-grained, roundsd sandstone
with limestone or occaeslonal dolomite below sandstone and variegated
ghaie at base. Total thickness 225 feet., HReslutiviecy curve "kick"
selected as top of Kibbey.

Lauden, L. R., 1955 (Billings Geol. Soc., Gdbk., 6th Ann. Field Conf.,
p. 210): FKibbey, Heath, Otter and Amsden are believed to represent
shore facies of various parts of early Pennsylvanian seas.
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Gardner, L. S., 1959 (Am. Assoc. Pet. Geol., Bull, 43, no. 2, p. 333~
234, 341-342, 346-347): Ribbey Formation is 220 feet thick in com-

posite section of revised Big Snowy Group. Underlies Otter Forma-
tion; uncouformably overlies Mission Canyon Limestone of Madison

Group.

sndersom, S, B., 1974 (N. D. Geol. Surv., Misc, Map 17, 1 sheet):
Kibbey Formation of North Daketa divided inte three mappable units

{descending): sandstone, limestone, and silt.

Anderson, S. B., 1977 {(Personal communication, October 4, 1977):
Although Kibbey sand produces in Montana along Weldon fault,
Ribbey lime produces in Redwing Creek Field in North Dakota.

Eilldeer formation

Stone, W. J., 1973 {(Stratigraphy and sedimentary history of Middle

Cenozoic {Dligocene and Miocene) deposits in North Dakota: Ph.D.
dlssert., Univ, N, D., p. ®viil): EKilldeer Formatlon proposed for

gstrata overlying White River Group in Rorth Dakota and helow uncon-
solidated deposits whose sturce and age are unknown {formerly con-
sidered Arikaree Formation). Consists of 25-200 feet of green-
colored, concretionary, calcareous sandstone, siltstone, silty

claystone, and dolostone. Fossil evidence (Paleocastor sp.,
Hypertragulus minor, and Amphicaenopus{?)) suggests Arikareean

{early Miocene) age.

Kinderhook Formation

Laird, W. M., and Towse, D. F., 1949 (¥. D. Geocl. Surv., Rept. Inovest,
2, 2 sheets): Kinderhook term used in stratigraphic column of
North Dakota. Is equivalent of Englewood.

Term used in Montana. Is age term representing Englewood Formation.

KLINE MEMBER (of NESSON FORMATION)

Age: Juraasic,

Area of extent: Subsurface in North Dakota, Montana, and Manitoba.

Lithology: Light-gray to white, esarthy dolomite and fine-grained

sandstone; calcareocus shale with white gypsum; and dark-brown,
finely crystalline limestone; light-gray to buff, fine~ to
medium~ crystalline limestone,
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Thickness: Up to 150 feet.

Relationships with other units: Overlies Picard Member; underlies
Piper Formation, Uppermost member of formation.

Characteristic fossils: None listed.
Economic significance: "None.
Depositional enviromment: Marine.

Type section: Interval of 4,386-4,533 feet in Price Drilling Ce. No.
1, Kline well, Center SESESE sec. 16, T. 157 N., R. 85 W., Ward
County, North Dakota,

History of stratigraphic nomenclature:

Nordquist, J. W., 1955 (Billings Geol. Soc., Gdbk., 6th Ann, Field Conf.,
p. 104, and 105-106): Kline Member is uppermost member of Neasson
Formation (new); overlies Picard Member (new); underlies Piper For-
mation. At type section, consists of (descending): 34 feet of light-
gray to white earthy dolomite and fine-grained sandstone; 13 feet of
gray-green to purple calcareous shale containing white gypsum; 37
faet of light- te dark-brown finely crystalline limestone, colitic
in part, and becoming shaly toward base; 63 feet of light-gray to
buff, fine- to medium-crystalline limestone, earthy, gypsiferous
and fossiliferous in part. Pinches ocut by nondeposition short
distance east of Big Snowy uplift and wedges cut in like manner
on weat flank of Bowdoin dome. On west mergin of Williaton basin,
unconformably overlies elither Mississippilan, Pennsylvanian, or
Triassic beds.

Kacop bed (of BULLICN CREEK FORMATION}

Benson, W. E. B., 13952 (U. 8. Geol. Surv., Open-file Rep., p. 257):
Knoop bed is named for exposures on Knoop Ranch on west side of
Misgouri River in secs. 8, 9, 16, and 17, T. 145 N,, R. 85 W.
Consists of two beds of coal separated by 3-4 feet of clay. Is
about 80-120 feet below Stanton bed. May be lateral equivalent
of Wolf Creek bed.

Kruckenberg bed (of SENTINEL BUTTE FORMATION)

Benson, W. E. B., 1952 (UG. S. Geol. Surv,, Open-file Rep., p. 260):
Kruckenberg bed is coal bed named for Kruckenberg Farm where it
is exposed.  Is 50 feet above Garrison Creak bed.
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Kuether bed {(of SENTINEL BUTTE FORMATION)
Johnson, W. D., Jr., and Kunkel, R. P., 1959 (¥. 5. Gecl. Surv., Bull,

1076, p. 40): Keuther bed 1s 35-45 feet above Hagel bed and is
named for Keuther Mine. . Is found in Oliver County, Nerth Dakota.

Lakeside clay bed
See Golden Valley Formation,
LAKOTA FORMATION, SANDSTONE (of DAKOTA GROUP)

Age: Early Cretaceous,

Area of extent: Montana, Alberta, Saskatchewan, Horth Dakota, and
South Dakota.

Lithology: Irregular to massive, often cross-bedded, cherty, filne-
to cgarsa*grainad sandstone.,

Thickness: 5%«3.33 feet,

Relationships to other units: Unconformably overlies Morrison, filling
in channels and depressions in upper Morrison Shale, conformebly on
Morrison on edges of basini conformably overlain by Fuson or
Kootenai.

Characteristic fosslils: Plant fossils.
Economic significance: 01l productive in Montana and Wyoming.

Depositional enviromment: Widespread, but sporadic, flood-plain and
channel deposit.

Remarks: Type locality is Lakota Peak, summit on Hogback Range, 4
miles porthwest of Hermosa, South Dakota, Named from tribal divi-
sion of Sioux Indians., Standard reference section in valley of
Fall River in center Ws NW sec. 33, NENE sec. 32 and adjacent part
sec, 29, T, 7 8., R, 6 E., Fall River County. Hot Springs gquad-
rangle, South Dakota, ‘

History of stratigraphic nomenclature:

Darton, N. H., 1899 {(Geol. Soc, Am., Bull. 10, p. 387): Lakota sand-
stone 13 coarse, buff sandstone with fire clay and local coal.
Overlies Beulah Shale (Morrison Formation) in Black Hflls, South
Dakota. 1Is Barly Cretaceous or Jurassic,
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parten, N. H., 1801 (U. §. Geol. Surv., 2lst Ann. Rep., pt. 4, p. 526):
Lakota Formation consists of massive, buff, coarse, cross-bedded
sandstone with shale and local coal beda. Uppermost member 1s dull
yellow sandstone. Thickness is 200-300 feet. Contains local uncon-
formities and if not Jurassic, 1t represents earliest deposit of
Cretaceous. Underlies Minnewaste Limestone and unconformably over-
lies Jurassic Beulah Shales. Included in Dakota Sandstone of earlier
reports and name is derived from tribal divislon of Sioux Indiana.

Darton, N. H., and 0'Hara, C. C., 1909 (U. S. Geol. Surv., Belle Fourche
folio, no. 164, p. 4): Type locality of Lakota sandstone is Lakota
Peak, 4 miles northwest of Hermosa, South Dakots.

Rubey, W. W., 1831 (U. 8. Geol. Surv., Prof. Pap. 165-A, 54 p.): Lakota
Sandstone included in Inyan Kara Group.

Condra, G. E., and Reed, E, €., 1543 (Neb. Geol. Surv., Bull, 14, p. 15):
Lakota shown on columnar section as basal formation of Dsketa Group.
Underlies Fuson shale.

Waage, K., 195% (U, 8., Geol. Surv., Bull. 1081-B, p. 26-33): 1Inyan
Kara Group redefined to show change in envirommsent of deposition
from continental (lakota) to marginal marine (Fall River). Upper
one~third of Inyan Kara ig well-bedded, fine-grained, brown-
weathering sandstone with intercalated gray to black ghale and
siltstone; lower two-thirds is more variable with varicolored and
variegated claystone and siltstone, and massive, locally poorly-
sorted sandstone, carbonaceous shale and coal, and shale and lime-
stone. Two units are separated by transgressive disconformity.
Lakota comprises Minnewaste Limestong Member and Fuson Shale Mem-
ber. Name Lakota should not be used outside Black Hills region;
type locality at Lakota Peak should not be consldered adequate for
reference or comparison-—standard reference section deslgnated,
Base of Lakota is arbitrary, indefinite, and inconsistent, gener~
ally drawn at base of first appreciable sandstone bed above Sun-
dance Formation.

Pettyjohn, W. A., 1960 (S. D. Acad. Sci., Proc., v. 38, p. 34-38):
Dakota controversy discussad, Suggested term Dakota Group be used
to include Lakota, Fuson, Fall River, Skull Creek, and Newcastle
Formations.

Gries, J. P., 1962 (Wyo. Geol. Assoc., Gdbk., 17th Ann., Field Conf.,
p. 1683): Lakota should be recognized egstward from Black Hills as
far as overlying marine Fall River and Skull Creek Formationa can
be identified.

Lance Forumation

Age: Late Cretaceous.
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Area of extent: Northern Rocky Mountains, North Dakota and South Dakota.

Lithology: Sandstone, giltstone and shale, several coal and lignite
beds.

Thickness: Up to 1000 feet.

Relationships to other units: Discoanformable to conformable on Fox Hills
Formation; unconformably overlain by Fort Union beds.

Characteristic fossils: Plant fossils, dinosaurs.

Depositional environment: 1Unstable nearshore marine to brackish to
mogtly fresh~water continental deposits.

Remarks: Type locality and exposures on Lance Creek, Niobrara County,
Wyoming.

Higtory of satratigraphic nomenclature:

Hatcher, J. B., 1903 {Am. Geol., v. 31, p. 369-375): Lance Creek
{Ceratops) beds—-name Ceratops beds cannot be used for Wyoming
deposits. Conformably overlies Fox Hills; underliss Fort Union.

Stanton, T. W., 1310 {(Am. J. Sci., 4th ser., v. 30, p. 172-188): Name
Lance Formation has been adopted by U. 8. Geological Survey for
"Ceratops beds" of eastern Wyoming and adjacent areasz. It is
abbreviated form of "Lance Creek Beds.” Iance Formation 1s con-
sidered to be transition from marine Cretaceous Fox Hills Sandstone
into Lance Formatlon; sedimentation continuouvs £from one to the other
and probably om through overlying Fort Union.

Lloyd, E. R,, and Hares, C. J., 1915 {J. Geol., v. 23, p. 523-347):
In region west of Miassouri River in North Dakota and South Dakota,
Lance Formation consists of two distinet parte: lower nonmarine
part that contains fauna resembling that of Fox Hills Sandstone
and upper part, because of peculiar fauna, has been mepped sepa-
rately and named Cannonball Marine Member of Lance Formation.
Farther west, non-merine beds bearing lignite and occupying simi-~
lar stratigraphic position have been named Ludlow Lignitic Member
of Lance. '

“lLance Creek beds®
Sg¢e Lance Formation.

Laramie Formation, Group

Mapped by King, Hayden, and other early workers; covered large areas
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in Rocky Mountaing, Now it is restricted to Denver basin.

See also Fort Unlon Formation, Group.
Lebo shale membear

Stone, R, W., and Calvert, W. R., 1218 (Econ. Geol., v. 3, no. 8, p.
746): Lebo Andesitic Member of Fort Union comsist of 450-2200
feet of dark-colored beds of volcanic materlal lylng between Lance
Formation and sandstone of Fort Unien Formation,

Thom, W. T., Jr., and Dobbin, C. E., 1924 (Geol. Soc. Am., Bull. 35,
no. 3, p. 492): Ludlow Member of Lance 1s equivalent to Lebo Mem~
ber of Fort Union of Montana plus Tullock Member of Lance and
"lignitic beds” which are part of Hell Creek Member of Lance
lying above "A" lignite zome.

Frye, €. I., 1969 (. D. Geol. Surv., Bull. 54, 65 p.): Lebs Member
1s tongue of shale near top of Ludlow in southwestern Nerth Dakota.

LINTON MEMBER {of FOX HILLS FORMATION)

Age: Late Cretaceous (Maestrichtian).

Area of extent: FEmmons and Sloux Counties, North Daketa, and eastern
Corson County, South Dakota,

Lithology: Fine-grained, moderately to poorly sorted, indurated,
giliceous sandstone with velcanic shards.

Thickness: Up to 22 feetr,
Relationships to other units: Underlies Hell Creek.
Characteristic fossils: Plant remains (Equisetum) and Ophiomorpha.

Depositional environment: Marine, large shoals in an estugrine tidal
river or deltaie distributary,.

Type section: N secs, 8 and 9, T. 132 N., R. 76 W., 1 mile east of
Linton, North Dakota.

Remarks: Probably equivalent of "Bed (" of Meek, K. B., and Hayden,
F, V., 1857 (Philadelphia Acad. Hat. Sci., Proc. 9, p. 117-148).

History of atratigraphic nomenclature:
Meek, R. B., and Hayden, F. V., 1857 (Acad. Wat. Se¢i., Phila., Proc.,
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v. §, p. 117-148): "Bed Q" is gray, indurated to slightly-friable
sandstone and is basal unit of "Great Lignite Group.” Total thick~
ness 30 feet.

Klett, M. C., and Erickson, J. M., 1976 (N. D. Acad. Sci., Proc, 28,
pt. 2, p. 3-21): Linton Member nemed; strata previocusly placed in
Colgate lithofacies {or member). Consists 0.6-22.4 feet of light~
olive-gray to grayish brown, fine-grained, subangular, moderately
to poorly sorted, indurated, siliceous sandstone with veolcanic
ghards. iInterpreted as channel sand, deposited in and along major,
wide, shallew, southward-flowing estuarine tidal river. 1Is prob-
ably Hayden's Bed Q, resistant sandstone that caps Fox Ridge and
other buttes in Missouri Valley north of Gramd River in South
Dakota., Type section given,

LITTLE BEAVER CREEK MEMBER {of HELL CREEK FORMATION)

Frye, C. I., 1969 (N. D. Geol. SBurv., Bull, 54, . 30-31): Little
Beaver Creek is loweat member of Hell Creek Formation in Little
Misgouri valley., Consists of lignitic sandstones and shales.
Named after Little Beaver (Creek; type section is SW¢ sec. 7, T.
132 H., R. 106 W., Bowman County, North Dakota. Conformably and
unconformably overlies Fox Hills Formation; underlies Marmarth
Member. Member is largely continental (cones of Sequoia
dakotensis found) but probably has marine beds near base.

Little Eagle Lithofacies (of TIMBER LARKE MEMBER of FOX HILLS FORMATION)

Agey Late Cretaceous.

Area of extent: South Dakota and North Dakota.
Litholegy: Clayey silt and clayey sand.
Thickness: Up to 100 feet.

Relationships te other units: Overlies Treil City Member of Plerve
Shale; underlies Iron Lightning Member of Fox Hills.

Charactersitic fosslls: Ammonites and other molluscs.

1 Depositional enviromment; Marine.

Type section: Southwest-facing bluffs along narrow end of southeast-
trending spur in SWi sec. 26, T. 20 N., R. 26 E., U. S. Geol. Surv.,
Little Fagle NW quad., Corson County, 5. Dak.

Remarks: See Timber Lake Member.
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History of stratigraphic nomenclature:

Waage, K. M., 1968 (Yale Univ., Peabody Mus, Nat. Hist., Bull., 27, p.
60-73): Little Eagle lithofacies is clayey silt with several
richly fossiliferous concretion layers on south side of Moreau
River Valley, on Cheyenne-Moreau Divide and Grand River Valley.
Bedding in lower half of sediment is obliterated due to burrowing
organisms. Principal assemblage zones are (ascending): 1) Lower
nicollerd, 2) Limopsis-Gervilla, and 3) Protocardia-Oxytoma. Two
lower assemblage zones extend to Linton, North Dakota. Upper con-
cretionary lavers of Little Eagle lithofacies contain few fossils.
Little Eagle lithofacies assemblage zones formed off down-current
end of Timber Lake asand body.

Lodgepole Limestone (of MADISON GROUP)

Age: Early Mississippian (Kinderhookian).

Area of extent: Montana, Wyoming, South Dakota; subsurfsce in North
Dakota and Saskatchewan.

Lithology: Thinly-bedded argillacecus limestone with chert beds.
Thickness: Up to 1,000 feet,

Relationships to other units: Unconformable on Bakken Shale; conform-
ably underlies Mission Canyon Limestone.

Characterigtic fossils: Spirifers, crinoids, bryozoans, and corals.
Economic significance: 041l productive.
Depositional environment: Marine,

Typa section: Bed of tributary of Lodgepole Creek in Little Chief
Canyon in NENW sec. 30, T. 26 N., R, 25 E., Blaine County, Mont.,
and extends across SEY sec. 19 into SWNW sec. 20 (Sando, W. J.,
and Dutre, J. T., Jr., 1974), p. 17. Named for Lodgepole Canyon,
Little Rocky Mountainsz, Montana.

Higtory of stratigraphic nomenclature:

Collier, A. J., and Cathcare, S. H., 1822 (U. §. Geol., Surv., Bull.
736F, p. 171-178): Madison ranked as group when subdivided into
twe formations in Little Rocky Mountains of Montana. Formationa
named (descending) Mission Canyon Limestone (500 feet of thickly~
bedded limestone) and Lodgepole Limestone (800 feet of thinly-
bedded limestone) from exposures in Mission and Lodgepole Canyous.
Lodgepole Limestone overlies Jeffergon Formation in this area.

Sloss, L, L., and Hamblin, R. H., 1942 {Am. Assoc. Pet. Geol., Bull,
26, no. 3, p. 305-335): Lodgepole Limesatone divided into two
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members (descending): Woodhurst Mewber and Paine Member. Fosails
listed. Lodgepole Limeatone overlies Three Forks Formation.

Smith, M. H., 1960 (Am. Assoc. Pet. Geol., Bull. 44, no. 6, p. 959):
Changes in nomenclature of Missisasippian Madison Group reported by
Comnittee of the Mississipplan Madison Group of North Dakota
Geological Soclety. Five marker determined intervals and two
subintervals defined by log deflection.

Ballard, F. V., 1563 {¥. D. Geol. Surv., Bull. 40, p. 18-26): Bot~
tineau interval equivalent to Lodgepole Limestone.

Sando, W. J., and Dutre, J. T., Jr., 1974 (U, 5, Geol. Surv., Prof.
Pap. 842, p. 17): Type section for Lodgepole Limestone described
at NENW sec. 30, T. 26 N., R. 25 E., and SE% sec. 19 into SWNW
sec, 20, Blaine County, Mont.

sando, W. J., and Dutro, J. R., Jr., 1974 (U. S. Geol. Surv., Prof.
Pap. 842, p. 17-21): Lowermost member, Little Chief Canyon,
abandoned, Paine Shale Member and Woodhurst Limestone Member
changed to Paine Member and Woodhurst Member, respectively.

LUDLOW FORMATION, Lignitic Member (of FORT UNION FORMATION)

Age: Late Cretaceous or Paleccene.

Area of extent: Northeastern Montana, western North Daketa, South
Dakota.

Lithelogy: Unconsolidated, white to buff, calcareous sandstone and
gray shale, with much lignite.

Thickness: Up to 350 feet.

Relationships to other units: Conformably overlies Hell Creek; is
gradational with and replaces Cannonball Formation westward,

Characteristic foasils: Plant fossils.
Economic significance: None.

Depositional envivonment: Msrine, brackiah to littoral te fresh-
water Bwamps.

Remarks: Named from exposures in vicinity of Ludlow, Herding County,
South Dakota.

History of stratigraphic nomenclature:
Lloyd, Es Ri) and Baras’ C- jt) 1915 cJ- Geoi-; s 23; pn 523_5“?):
Ludlow Lignitlc Member of Lance Formatlon occupies large ares in
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Harding County, South Dakota, and has been mapped northward into
Bowman and Billings Counties, North Daketa, and eastward into Per-
kins, South Dakota, where it merges with Cannonball Marise Membaer.
In vicinity of Ludlow, South Dakota, consists of 350 feet of
loosaly consolidated buff and cream—colored, calcareous sandstone
and shale with interbedded lignite, Containa moat of the lignite
of South Dakota and presence of this lignite is criterion for con-
sidering it as distinct member of Lance Formationm. Im South Dakota,
its lithologic character is like Fort Union Formation but different
than lower part of Lance Formation, and foseil flora 1g identical
with that of Fort Union or lower part of Lance. In Horth Daketa,
flora 1s same as in South Dakota, but lithology resembles lower
part of Lance except for presence of numercus lignite beds, All

of Iriceratops collected in Little Missouri Area came from below

T Cross lignite bed {in lower part of Ludlow) and oysters came
from above it.

Dorf, E., 1940 (Geol. Soc. Am., Bull, 51, p. 213-236): Paleobotanical
evidence supports known vertebrate evidence in placing bhoundary
between true Lance and Fort Union at base of nondinosaur-bearing
Tullock, Ludlow, or Kear Formationa or their equivalents, which is
at top of Triceratops-bearing Hell Creek or Lance Formations as
originally defined. Marine invertebrates of Cannonball Formsation,
which interfingers with Ludlow, do not contradict this peaitlon.

Brown, R. W., 1952 (Billings Geol. Surv., Gdbk., 3rd Ann. Field Conf,,
p. 81): TFort Union in eastern Montana is divided into (sscending):
Tullock Sandatone, Lebo Shale, Tongue River Sandstone, and Sentinel
Butte Shale. East of Miles City, Montana, two lower members merge
in facies so that they are combined as Ludlow in North and South
Dakota,

Laird, W. M., and Mitchell, R. H., 1842 (8. D. Geol. Surv., Bull. 14,
p. 16-18): Ludlow of southern Morton County is 17-49 feet thick,
overlies Hell Creek Formation; underlies and is in gradational con-
tact with Cannonball Formation which 1t replaces westward, TIs of
Fort Union Group, and is Paleccene in age.

Brant, R. A., 1953 (U. 8. Geol. Surv., Cire., 226, p. 1, 11-12): Lud-
low is basal member of Fort Union Formation in North Dakota., s
equivalent to Tullock Member and Leho Shale Member in lignite
fields of southeastern Montana. 1Underlies Tongue River Member.

In Marmarth lignite field, consists of 250 feet of alternating
shale, sandstone, and lignite beds. Thins te east and inter-
fingers with Cannonball Formation. Overlies Hell Creek Formation.
Is Paleocene in age.

Denson, N. M. et al,, 1955 (U. 8. Geol. Surv., Map C-33): Ludlow,
Cannonball, and Tongue River, all members of Fort Union Formation,
congidered to be Paleocene in age.
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"Lyleton formation”

Age: Late Devonlan.

Area of extent: HNorth-central North Dakota and eastern margin of
Williston basin.

Lithology: Red, dolomitic shale and siltstone,
Thickness: 65-90 feet at type locality.

Relationships to other units: Equivalent to all or part of Qu'Appelle
and Three Forka Formation. Regarded as facies of Three Forks.

Characterdstic fozsils: None.
Beonomic significance: None.
Depositional environment: Shallow marine.

Remarks: Type locality at Souris Valley 01l Company No. 1 Gordon White
well near Lyleton in southwestern Manitoba. Term "Lyleton” should
perhaps be discarded because 1t was not formally proposed or ade-
quately defined, and because of confuslon 1a correlatlon.

History of stratigraphlc nomenclature:

Allan, J. D., and Kerr, L. B,, 1850 (The Precambrian, v. 23, no., 10,

i p. 8-10): Lyleton Shale 1is name given to 90 feet of red shale mark-
) ing top of Devonian,

Towse, D., 1953 (N. D. Geol. Surv., BRep. Invest. 12, 1 sheet): Lyleton
Formatlion consgists of reddigh-brown, fine to medium cryatalline,
shaly dolomite and dolomitic limestone. Underlies Missigeippian-
Englewood; overliss "Nisku equivalent.” Lyleton equivalent to

} Three Forks Formatlon.

MADISON FORMATION, GROUP, or Limestone

Age: Early and Late Migsissippian,

Area of extent: Montana, Idaho, Wyoming, and Utah, Sursurface in
North Daketa.

Lithology: <Clean to argillaceous limestone, evaporite faciee in Charles
Formation of Williston basin.

Thickness: Up to 2,000 feer.

| ? Relationshipe to other units: Unconformable on Bakken Shale, discon~
: formably underlies Kibbey Formation in Willigton basin of North Dakota,
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Characteristic feossils: Crinoid debris, spirifers, bryczoans, and
corals.

Economic significance: 01l productive.

Depoaitional enviremment: Marine, stable to unstable shelf, periodically
restricted.

Type section: North side of Gallatin River, north of Legan in SESW gec.
] 25, T. 2 N., R, 2 E., Gallatin Co., Mont. (Sando, W. J., and Dutro,
J, T., Jr., 1974, p, 4): Named for Madison Range, central part of
Three Forks quadrangle, Mont.

History of stratigraphic nomenclature:

Original Reference: Peale, A, C., 1893 (U. S. Geol, Surv. Bull. 110,
p. 32): Madison limestones consist of {descending): 575 feet of
masgive, jaspery limestone; 350 feet of light bluish gray, massive
limestone; and 325 feet of dark, compact, laminated limestone.
Overlain by Quadrant Formation and underlain by Three Forks Shale.
Foggils listed.

Collier, A. J., and Cathcart, S, H., 1922 {U. S. Geol. Surv., Bull.
736F, p. 171-178): Madison ranked as group where subdivided into
two formations in Lirtle Rocky Mountains of Montana. Formatlons
named {descending) Mission Canyon Limestone (500 feet of thickly-
bedded limestone) and Lodgepole Limestone (800 feet of thinly-
bedded limesténe) because of exposure in Missicn and Lodgepole

k Canyons,

'i S8loss, L. L., and Hamblin, R. H., 1942 {(Am. Assoc. Pet. Geol., Bull.
26, no. 3, p. 305-333): lLodgepole Limestone divided into two mem~
bers {descending): Woodhurst Member and Paine Member. Fossils

_ listed. Madisen Group overlies Three Forks Formetion and under-

1 lies Kibbey Sandstone, Ellis Formation, or Amsden Formation,

$less, L. L., 1952 (Billings Geocl. Soc., 3rd Ann. Field Conf., p. 65~
£9): Charles Formation, previously imcluded in Big Snowy Group,
added to Madison Group of Williston basin., Descending order for
gection: Charles Formation {thick succession of limestone, dolo~

] mite, and evaporite); Mission Canyon Limestone (massive, fine-

] grained limestone with dolomite toward top of formation}; and
: Lodgepole Limestone (massive limestone with crincidal fragments);

beds of dark limestone, cherty limestone, and thiun shale beda:

and black shale marks bottom of section).

Andrichuk, J. M., 1955 (Am. Assoc. Pet. Geol., Bull. 39, no. 11, p.
2170-2210): Madison Group of three units, boundaries redefined
on interpretation of depositional environmants of entire Missgis-
sippian carbonate sequence in Wyoming and southern Montana. Upper
unit approximately upper three-fourthas of Charles Formation, mid-
dle unit of remainder of Charles and most of Miseion Canyon Lime-
stone, and lower unit of remsinder of Mission Canyon and entire
Lodgepole Limestone, Type section for Charles Formation suggested.
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porter, J. W., 1955 {Alberta Soc. Pet. Geol., J, 3, no. 8, p. 126-130):
Charles, Mission Canyon, and Lodgepole Formations interfinger and
exhibit facies relationships in subsurface of Williston basin of
Manitoba and Saskatchewan. Facles interpreted to Be time transgrea—
slve as changes Iin lithology lateral and vertical,

Fuller, J. G. ¢. M., 1956 (Sask. Dep. Miner. Resour., Rep. 19, p, 1-72):
Bagal Bakken Formation placed in Madison Group. Lodgepole and Mis-
sion Canyon Limestones combined into Madison Limestone. Thils usage
not followed by later writers.

Porter, J. W. {Chm.}, 1956 {(Sask. Geol. Soc., Report of the Missis-
sipplan Names and Correlations Committee, p. 1-4): '"Beds" were
chosen for subdivisions of limestone sequence of Madison Limestone
because no adequate correlation exists between rocks of northeast-
ern Williston basin and Mission Canyon or Lodgepcle Limestone of
Montana. “Beds" may include several contrasting lithologies and
have lateral and vertical facles changes. "Beds" named Poplar,
Ratcliffe, Midale, Frobisher-Alida, Tilsten, and Souris Valley
from oilfilelds of southeastern Saskatchewan.

Anderson, S. B., 1958 (¥. D. Geol, Surv,, Rep. Invest. no. 31, p. 1-9):
Madison Formation of grading belts of lithology that crogs time
lines in subsurface of North Dakota. Charles magnafacies propozed
for evaporitic facies and Mission Canyon magnafacies proposed for
masgive marine facles of Williston basin to eliminate confusion
caused by time connation of original definition of formations
within Madison Group. Lodgepole Limestone used for sequence bhelow

1 "Tilgton beds" and above Englewcod (Bakken) Formation.

Smith, M. K., 1960 (Am. Asscc., Pet. Geol., Bull, 44, no., 6, p. 955-960):
Changes in nomenclature of Mississippian Madison group reported by
Committee of the Mississippian Madison Group of North Dakota Geslogi-
cal Soclety. Five marker-determined intervals and two subintervals
defined by log deflection.

Anderson, 8. B., Hansen, D. E., and Eastwood, W. D., 1960 (N. b. Ceol.
Surv,, Rep. Invest. no., 36, p. 1-25): Misasissippian Madison Group
Committee of North Dakota Geological Scciety proposed following
units (descending): Poplar, Ratcliffe, and Frobisher~Alida inter-
vals; Middle subinterval substituted for "Midale evaporite)} and
upper two-thirds of "Midale beds" in Ratcliffe interval; Rival sub-
interval substituted for “"Frobisher evaporite" and lower one-third
of "Midale beds" im Frobisher-alida interval; and Poplar interval
substituted for "Souris Valley beds." Interval and subinterval
boundaries defined by prominent deflection on gamms ray and spon-
tanecus potential logs; these markeras define intervals of laterally
varying lithelogy and assumed to be para~time-rock units {(nearly
time parallel.},

Ballard, F. V., 1963 (N. D. Geol. Surv., Bull. 40, p. 18-26): Bottineau
interval equivalent to Lodgepole Limestone. Tilston interval
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conformably overlies Bottineau interval and conformably underlies
Frobisher-Alide interval, Poplar interval, Midale subinterval,
Ratcliffe interval, Rival subinterval, and Ratcliffe interval fol-
low usage by earlier authers and followed by North Dakota Geologl-
cal Survey presently. Carrington shale facles proposed as part of
Bottineau interval instead of equivalent to Three Forks Formationm.

Sande, W. J., and Dutro, J. T., Jr., 1974 (U. S. Geol. Surv., Prof.
Pap. 842, p. 1-22): Descriptions of precisely located type sec~-
tion for Madison Group, Lodgepole Limestone, Mission Canyen Lime-
atone, and Paine Member and Woodhurst Member of Lodgepole Limestone.

MANITCBA GROUP {also Manitoban Formation)

Tyrrell, J. B., 1882 {Can. Geocl. Surv., Ann. Rep, pt. E, p. 1890-1891):
Manitoban Formation is of shales and limestones that overlie Win—
nipegosan Formation.

Baille, A, D., 1953 (Manit. Dep. Mipes, Pub, 52-5, p. 25-26): Manitoba
Group proposed for carbomate and argillacecus strata overlying Flk
Point Group in Williston basin. Manitobas Group has same areal extent
as Elk Peoint Group. Thickness iz generally less than 300 feet, Con-
sists of repetitive sequences of carbonates with thin, shaly beds.
Sequences consigt of shale and argillaceous limestone that grade
upward to light-colored, bedded limestone overlain by fragmental
and reefoid zone; evaporites commonly mark upper member of sequence,
Basal sequence of group exposed in outcrop area is named Dawson Bay.

Towse, D., 1853 (N. D. Geol. Surv., Rep. Invest, 12, 1 sheet): In
North Dakota, Manitoban Formation conslsts of light olive to yvellow-
ish gray, fine- to medium-grained sugary dolomite and limestone.
Makes distinctive garma ray "kick." Is Middle Devonlan in age,

See Dawson Bay and Souris River Formations.

MARMARTH MEMBER (of HEL] CREEK FORMATION)

Frye, C. I., 1969 (N. D. Geol, Surv., Bull. 54, p. 30-31): Marmarth

¥ Member consists of two thick sandstone bodies separated by thin
sequence of benronites, bentonitic shales and lignitic shales.
Named for town of Marmarth, North Dakota and type section is just
west of Marmarth in SW4 mec. 26, T. 133 N., R. 106 W., Slope County,
North Dakota., Overlies TLittle Beaver Creek Membher: underlies Bacon
Creek Member., Sandstones appear to have been deposited in large
river although no aquatic animal fossils found.
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Medora coal group

Leonard, A. G., 1908 (¥. D. Geol. Surv., 5th Bienn. Rep., p. 96-102):
Medora group of coal beds crops out along valley of Little Missourd
River from Bullion Butte to northern boundary of Billings County.
Beds J-M make up this group of coals,

"Medora lithozone"

Zigbarth, H. C., 1962 (Ph.D. Dissert., Univ. N. D., 414 p.): Medora
lithozone 1s basal zone of Amsden Formation: includes 0200 feet of
strata between top of Alaska Bench Formation and base of anhydritic
marker unit (base of Dickingon lithozone).  Consists of two litho-
logic facles (ascending): 1) Grayish pink and pale red to pale
yellowlsh brown, microcrystalline to occasionally medium and coarse
erystalline dolomite interbedded with red calcareous shale; and 2)
pale vellowish brown to pale red, microcrystalline, generally non-
porcus dolomlite. DBasal contact may represent unconformity; upper
contact apparently conformable. Where overlying units of Amsden
are absent, Medora lithozone unconformably overlain by Eroom Creek,
Opeche, Spearfigh or Piper. Lithologic relationships suggest car-
bonate bank accumulations along with progressive restriction of
environment. Medora lirhozone equivalent to all of Roundtop Group
in South Dakota and entire Amsden in central Montana.

See also Amsden Formation,

Meek Group

Age: Pennsylvanian,

Area of extent: Eastern Wyoming, southwestern South Dakota, and North
Dakota,

Lithology: Limestones and silty limestones with sandstone,
Thickness: Up to 130 feetr,

Relationships with other units: Underlies Wendover Group; overlies
Hayden Group.

Characteristic fossils: Fusulinids.

Economic gignificance: Nomne.

Depositional enviromment: Marine,
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Remarks: Type locality is Meek Cliff, sec. 22, T. 27 N., R. 66 W.,
Platte County, Wyo.

History of stratigraphic nemenclature:

condra, G. E., Reed, E. C., and Scherer, 0., J., 1940 (Nebr. Geol, Surv.,
Bull, 13A, p. 2, 22, and 28): Meek Group consiats of limestones and
silty limestones with sandstone, Comprises lower 130 feet of Division
I of Hartville "Pormation" (Condra, G. E., and Reed, E. C., 1935,
Nebr. Geol. Surv,, Pap, no. 9, 46 p.). Thickness is 113-130 feet.
Underlies Wendover Group {new); overlies Hayden Group (new].

McCauley, V. T., 1956 (N. D. Geol, Soc., Willisten Basin Sym., lst
Internat., Bismarck, N. D,, 46 p.): Wendover-Meek Group is poorly
represented in North Dakota. All beds from base of overlying Brook
Creek to below radicactive markers are missing In broad areas of
southeastern and eastern Montana, southwestern North Dakota, and
northwestern South Dakota. Owver rest of basin in North Dskota,
Broom Creek rests directly on radicactive zones or 1s separated
by few feet. Sandstone or sandy dolomite are most common litho-
logies of Wendover-Meek Group.

Meyer bed (of BULLION CREEK FORMATION)

Hares, C. J., 1928 (U. 8. Gesl. Surv., Bull, 775, p. 50): Meyer bed
is thin and of poor quality. Crops out in lower part of Bullion
Butte.

"Widale heds"

Age: Mississipplan.

Area of extent: Subsurface in Saskatchewan and North Dakota.

Feonomic significance: 01l productive,

Remarkg: Informally named for Midale 04{1field, southeastern Saskatch-

ewan, See alac Rival subinterval, Midale subinterval, Frobilsher—
Alida interval, Ratcliffe interval, and Madison Group.

History of stratigraphic nomenclature:

Fuller, J. G. C, M., 1956 (Sask. Dep. Miner. Resour., Rep. 19, p. 34~
35): ™Midale beds" of 80 feet of uniformly dolomitized, colitic
limestone and argillacecus dolomite, bounded below by "Frobisher-
Alida beds" and above by "Midale evaporite.” 'Midale bads" moat
prolific of Mississipplan oll-producing rocks in aocutheastern
Saskatchewan.
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Anderson, 5. B., Hansen, D. E., and Eastwood, W. D., 1960 {N. D. Geol.
Surv., Rep. Invest. no. 36, p. 15): Basal Midale subinterval of
Ratcliffe interval of approximately two~thirdsg of "Midale beds";
remainder of "Midale beds" in Rival subBinterval at top of Frobigher-

Alida interval. Carbonate 2one in Midale subinterval iz oil~
producing 1in North Dakota.

Midale subinterval, "evaporite,' "anhydrite”

Age: Mississippian.
Area of extent: Subsurface Iin Saskatchewan and Horth Dakota.

Remarks: Informally named for Midale (Oilfield, gsocutheastern Zaskatch-
ewan, See alsoc Rateliffe interval and Madison Formation.

History of atratigraphic nomenclature:

Fuller, J. &. C. M., 1956 (Sask. Dep. Miner. Resour., Rep. 19, p. 35):
"Midale evaporite” is anhydrite capping oil pools in several scuth-
eastern Saskatchewan oil fields.

Andarson, S. B., Hansen, D. E., and Eastwood, W. D., 1960 (N. D. Geol.
Surv., Rep. Invest., no, 36, p. 15}: Midale subinterval of Rat~
cliffe interval includes approximately two-thirds of '"Midale beds,"

entire '"Midale anhydrite" or basal one fourth of "Ratcliffe beds”
if "Midale anhydrite" does not occur.

MINNEKAHTA LIMESTONE

Age: Permian.

Area of extent: Northeastern Wyoming, southeastern Montana, western
South Dakota, and western Horth Dakota.

Litholeogy: ¢€ray, thinly-bedded limestone,
Thickness: Up to 30 feet,

Relationghips to other units: Equivalent to Sybille tongue of Phos-
phoria and eastward tongue of Park River facies.

Characteristic fossilas: Few molluscs, ostracods, and stromstolites.

Economic gignificance: HNone.

Depoaitional enviroument: Marine, possibly tidal flast.
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Remarks:; Type locality near hot springs,- Black Hills, South Dakota.
Is prominent carbonate tongue over sandatene In eastern Wyoming to
Black Hille ares.

History of stratigraphic nomenclature:

parten, N. H., 1801 (U. 8. Geol. Surv., 21lst Ann. Rep., pt. 4, p. 514):
Minnekahta Limestone is thinly-bedded gray limestone, 30-50 feet
thick; underlies Spearfiash Formation and overlies Opeche Formation
in Black Hills. Referred to as "Purple limestone” in previous
reports. Type locality is region near Hot Springs, South Dakota,
originally known as "Minnekahta" by Indians.

Laird, W. M., and Towse, D. F., 1953 (N, D, Geol. Surv., Rept. Invest.
2, sheet 1): Permian System of North Dakota includes Minnekahta
Formation, 40 feet of pink to purple dolomite and limestone; under-
lain by Opeche Formation.

Burk, C. A., and Thomas, H. D., 1856 (Wyo. Geol, Surv., Rep. Invest. 6,
11 p.): Coose Eggz Formation of eastern Wyoming is sequence of inter~
hedded red shales and silstonea, thin limestones gypsum and lime-
stone brecclas, Overlies Minnelusa and equivalents (Tensleep, Cas~
per, and Hartville); underlies Spearfish and equivalent (Chugwater).
Minnekahta 1s limestone with farthest easterly extent, 1s underlain
by Opeche Shale) less extensive limestones are overlying Forelle
and Ervay, all of Phosphoria Group.

Goldsmith, J. W., 195% (U. 8. Geol. Surv., Misc. Inv., Map I-300, p. 4):
Minnekahta is Permian {poseibly Leonardian) in age.

HINNELUSA FORMATION, Sandstone

Age: Pennaylvanian.

Area of extent: Eastern and southeastern Montana, western North Dsakota,
wegtern South Dakota, and eastern Wyoming.

Lithology: Sandstones and carbonates interbedded with shale, sandstone,
and anhydrite.

Thicknesa: 500 feet in North Dakota; 600 feet in type area.

Relationships te other units: Unconformably overlies Madison Group;
conformably underlies Opeche Formation (Permian).

Characteristic foseils: Fusilinids, ostracods, and brachiopods (Meso~—
lobus mesolobus), and Chaetetes milliporaceous.

Ecopomle significance: 011 productive.

Depositional enviromment: Intermittently restricted shallow sea and
nearshore envircorment.
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Type section: Sundance Canyon, $W¢ sec. 10, T. 52 N., R, 61 W., Crook
Co., Wyo.

Remarks: See also Amsden Formation and Tyler Formation.

Winchell, H. H., 1885 {In Ludlow, W., U. S. Eng. Dep., U. 8. 4rmy, Black
Hills of Dakota, p. 38 and 65): Minne-luga Sandstone or upper sand—
stone conslats of nearly white, crystalline, subpaccharcidal sand-
stone, coarsely granular when weathered and hard, Locally iron-
stained. Thickness 75 feet in Black Hills. Underlies Upper Limestone
and overlies Lower Limestone. TIs Indian name of valley where exposed.

Jagger, T. A,, 1901 (U. 8. Geol, Surv., 2lst Ann. Rep., pt. 3, p. 178~
181): 1In northern Black Hills Minnelusa limestones and sandstones
consist of {(descending): 1} Minnelusa saccharoidal sandstone, 200
feat, 2) Minneluga "alternate" series, 300 feer; and 3) Minnelusa
white sandstone, 100 feet. Separated from overlying Minnekahta lime-
stone by 90 feet of red sandstone., Overlies 200-760 feet of gray
limestone equivalent to Madison Limestone,

Darten, N. H., 1801 (U. 8. Geol. Surv,, 2lst Ann. Rep., pt. 4, p. 310):
Minnelusa Formation consists of buff and red calcarsous sandstones
with thin limestones. 4&400-450 feet thick. Term Minnelusa used to
designate all sandstones and limeatones in Black Hills lying between
Pahasapa Limestone below and red sandstones and shales of Opeche
Formation above. Minnelusa is Dakota Indiac name for Rapid Creek.

Wilmarth, M. G., 1938 (U. S. Geol. Surv., Bull. 896, pt. 2, p. 1382):
Minnelusa Formation probably includes Permian strata at top and
Mississippian strata at base. '

Gries, J. P., &nd Tullis, E. L., 1955 (N. D. Geal. Scc., Gdbk.,, Black
Hills Field Conf., p. 34): Lithologic correlation of upper Minne-
lusa beds with those in western Nebragka-—-Hartville, Wyoming area
suggests uppermust Minnelusa in Black Hills may bs Early Permian
in age., No fossll evidence,

Reed, E. C., 18535 (¥. D. Geol. Soc., Gdbk., Black Hills Fisld Conf.,
p. 46): Pennsylvanian~Permlan boundary placed in eastern Wyoming
and southwestern South Dakeota in Hartville and Hinneluss Formations
at top of Wendover Group and 150 feet below top of Minnelusa Forma-
tion in Black Hills.

Bates, R. L., 1955 (Am. Assoc. Pet. Geol., Bull, 39, p, 1991-1995):
Term Minnelusa sandstone is misnomer as type area contains 58%
sandatone and subsurface sections contain lower proportion.
Brecclated upper Minneluga inm southern Black Hills 1ig correlative
lithologically with upper evaporite zone of gubsurface Minnelusa,
Black Hills Minneluss represents leached, thinper counterpart of
more completely developed formation toward southwest (Harcville).
Upper evaporite zone of subsurface Mimmelusa appears contemporaneoua
with Upper Hartville {Wolfcampian(?). No paleotologic evidence to
refute or support this correlatien.
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McCauley, V. T., 1956 (Williston Basin Sym., lst Internat., Blsmarck,
H. D., p. 130~164): Permian-Pennsylvanian strata correlated with
Hartville Formation of Hartville Formation of Wyoming and Minnelusa
of Black Hills. Minnelusa is divided into (ascending): 1) Fairbank
Formaetion, basal sandstone and shale; 2) Reclamation group, lime-
stone and dolomite seguence, 3) Hayden group, dolomite and sand-
stone, and 4) Wendover-Meek group, sands and shales. Unconformity
truncates Hayden and Wendover-Meek groups, weparating strata from
overlying dolomites, anhydrites, and sandstones of Broom Creek Group.
In North Dakota, salt and silty shale sectlon previously assigned to
Opeche is thought to be time equivalent of Cassa. Unconformity
separates Broom Creek and Cassa growps iIn North Daketa. Failrbank,
Reclamatlon, Roundtop, Hayden, and Wendover-Meek groups are Pen—
neylvanian and Broom Creek and Casss groups are Permian.

Brady, F. H., 1858 (Wyo. Geol. Assoc., Bdbk., 13th Ann, Field Conf.,
P. 45-47): In Sundance-Beulah area, Wyoming, 383 feet of upper
Minneluga euxposed in deep canyons. In exposure, 166 feet i3 local
strata not expoused in rest of area, Minnelusa underlies Opeche and
is 257 feet thick at newly named type section; Sundance Canyon, SWi
sec. 10, T. 52 H., R. 61 W., Crook County, Wyoming. Late Pen-
ngylvanian to early Permian.

Jeonings, T. V., 1959 (J. Paleo., v. 33, no, 6, p. 986~1000): "Red
marker bed" eeparates Pennsgylvanian from Permian part of Minnelusa.
Penngylvanian part of Minnelusa correlated with Migsourfan-Virgilian,
Desmoinesian, and Atokan stages based on fossil fuasulinild evidence.

Sandberg, C. A., 1962 (U. §. Geol, Surv,, TEI-809, p. 68): amsden For-
mation included in lower part of Minnelusa in Scuth Dakota,

Ziebarth, H., C., 1562 (Ph.D. Dissert., Univ. N. 0., 414 p.): Minnelusa
Group includes strata above unconformity on Madison and Big Snowy
Groups and below Opeche Formation. Contains Tyler, Alaska Bench,
Amsden, and Broom Creek Formations.

Minter bed

Andrews, D. A., 1339 (U. S. Geol. Surv., Bull, 508B, p. 73): Minrer
ceal bed, named from Minter Mine, creops out along Douglas Creek
near Minot, N. D.

Mission Canvon Limestone {of MADISON GROUP)

Age: Mississipplan (Upper Kinderhookian to (Osagian}

Area of extent: Montana, Wyoming, South Dakots} subsurface in North
Daketa and Saskatchewan.
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Lithology: Masslve argillacecus limestone.
Thickneas: Up to 325 feet.

Relationships to other units: Conformable on Lodgepole; conformably
underlies Charles. Charles Formation exhibits facies relationships
with Mission Canyon Limestone in Willistoa basin,

Characteristic foseils: Crincid debris, bryozoans, and few brachiopods.
Economic significance: Oi1 productive.
Depositional enviromment: Marine.

Type section: Roadcut on east side of U. $. Highway 89, 1.8 highway
miles north of road intersection at Monarch and about 100 yards
north of sign marking boundary of national forest, SWNE sec. 27,

T. 16 N., R. 7 E., Cascade County, Mont., and continues northward
acrose SE4 sec. 22 into KE% sec. 12 (Sando, W. J., and Dutro, J. T.,
Jr., 1974, p. 9). Named for Mission Canyon, Little Rocky Mountains,
Montana.

Hiatory of stratigraphic nomenclature:

Collier, A. J., and Cathcart, 5. H,, 1922 (U. §. Geol. Surv., Bull.
736F, p. 173): Madison ranked as group where subdivided into two
formations in Little Rocky Mountains of Montana. Formations named
{descending) Migsicn Camyon Limestone (500 feet of thickly bedded
limestone) and Lodgepole Limestone (800 feet of thinly bedded lime-
stone) because of exposure in Mission and Lodgepole Canyons., Mis-
sion Canyon Limestone is not as fosgiliferous as Lodgepcle Limestone.

Sloss, L. L., and Hamblin, R. H., 1942 (Am. Assoc. Fet. Geol., Bull. 26,
no. 3, p. 315): Miseion Canyon Limestone lithologically and faunally
identical with Castle limestone whose usage has been discarded. Fro-
posed that Miseion Canyon be applied throughout Montana and northern
Wyoning. Overlies Woodhurst Member of Lodgepole Limestone; underlies
Amsden Formatlon, Ellis Formation, or Kibbey Sandstone,

Porter, J. W., 1955 (Alberta Soc, Pet, Gecl,, J. 3, no, 8, p. 126-136):
Charles, Misston Canyon, and lLodgepole Formations interfinger and
exhibit facles relationships in subsurface of Williston basin of
Manitoba and Saskatchewan. PFacies interpreted to Be time transgres—
sive as changes in lithology were lateral and vertical.

Anderson, S. B., 1958 (N. . Geol. Surv., Rep. Invest. no. 31, p. 1-9):
Madison Formetion grading belts of lithology crose time lines in sub-
gurface of North Dakota. Charles magnafaciea prepozed for evaporitic
facies and Mission Canyon magnafacles proposed for massive maripe
facies of Williston basin to eliminate coufusion caused by time con-
nation of orlginal definition of formations within Madison Group,
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Smith, M. H., 1960 (Am. Assocc. Pet. Geol., Bull, 44, no. 6, p. 959):
Changes of nomenclature of Mississippian Madison Group reported by
Committee of the Milssissippian Madison Group of North Dakota Geo—
logical Scciety. Five marker determined intervals and two sub—
intervals defined by log deflection,

Carlson, C. G., and Anderson, 8. B., 1870 (N. D. Geol. Surv., Misc.
Ser., no. 28, p. 1842): Mission Canyon facies shown to include
all of Tilston interval and parts of Frobisher-Alida iaterval,
Midale subinterval, and Ratcliffe interval.

Sande, W. J., and Dutro, J. T., Jr., 1974 (U. S. Geol. Surv,, Prof.
Pap. 842, p. 9): Type section for Mission Canyon Limestone deacribed
at roadcut on east side of U, $. Highway 89, 1.8 highway miles north
of road intersection at Monarch and about 100 vards north of a sign
marking boundary of national forest, SWNE sec, 27, T. 16 N., R. 7 E.,
Cascade County, Mont. and continues northward across SEY% sec. 22 into
NE% sec. 22,

MOBRIDGE MEMBER (of PIERRE SHALE)

Age: Late Cretaceous

Area of extent: $Quth Dakota, North Dakota, and Wvoming.
Lithology: OGray shale and chalk beds: weathers buff.
Thicknese: Up to 230 feet,

Relationships to other units: Overlies Virgin Creek Memhar of Plerre
Shale; underlies Elk Butte Member of Pierre Shale.

Remarks: Typical exposure above west end of old highway bridge across
Missouri River at Mobridge, Walworth County, South Dakota. Named
from Mobridge, South Dakota, See also Pierre Shale.

History of stratigraphic nomenclature;

Searight, W. V., 1937 (8. D. Geol. Surv., Rep. Invest. 27, p. 44-49):
Thinly laminated, calcarecus, medium bluish-gray to dark—-gray shale,
marl and chalk. Weathers to light or brownisgh buff; ligher shades
of buff generally predominate in upper and lower parts of section,
Beds uniform; total thickness 90~230 feet. Overlies gumbo-forming
shale of Virgin Creek Member and underlies noncalcareous shale of
Elk Butte Member.

Moxon, A. L., Olson, O. E., and Searight, W. V., 1839 (S. D. 4Agr. Exp.
Sta., Tech, Bull, 2, p. 20, 25): Replaced by Interior Member, which
hag precadence,
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Gries, J. P., and Rothrock, E. P., 1941 (3. D. Geol. Surv., Rep. Inves:.
38, p. 34-35): Since incomplete equivalence of all Interior beds to
Mobridge beds sxists, Mobridge retained as originally defined.

Fisher, 5. P., 1952 (4. D. Geol. Surv., Bull. 26, p. 8-10): Mobridge
Member may be present in Emmons County, North Dakota.

Wilson, E. E., 1958 (Maater's Thesis, Univ. N. D., 1346 p.): Strata
of Bowman County, although similar to Emmons County strata, are
older aund may be equivalent to Mobridge Member.

MONTANA GROUP

Age: Late Cretaceous.

Area of extent: Montana, Wyoming, Colorado, Morth Dakota, South Dakota,
Kansas, New Mexico and Utah.

Lithelogy: Dark gray to brownish-gray, partly bentonitic ghale, silty
and sandy in local areas.

Thickness: 1800-2700 feet,

Relationships to other units: Contact gradational with underlying Nio-
brara Formation; disconformably and conformably underlies Hell Creek
Formation,

Characterigtic fogsgils: Baculites, 6ther cephalopods, and Inoceramus.

Depoaitional environment: Nearshore, flood~plain and swamp, littoral
and offshore marine; some nonmarine sediments deposited in piledmont,
inland flood-plain, channel and lake enviromments.

Remarks: Named from exposures along Upper Misgouri River, north-
central Montana,

History of stratigraphic nomenclature:

Eldridge, G. H., 1888 (Colo. Secil. 8cc., Proc., v. 3, pt. 1, p. 93
footnote): With approval of C. A, White, Montana Group intro-
duced to replace Fox Hills Group; includes Fox Hills Sandstone
and Plerre Shale.

, 1889 (Am. J. Se¢i., 3rd ger., v, 38, p. 313-321): Original
subdivisions of Fox Hills Sandstone and Plerre Shale are recog-
nized in Dakotas, eastern Montana, eastern Wyoming, and eastern
Colorado. Group divided into {descending) Bearpaw Shale, Judith
River Formation, Claggett Shale and Eagle Sandstone in southern
Montana; divided into Horsethlef Sandstone, Bearpaw Shale, Two
Medicine Formation, and Eagle Sandstone in northwestern Montans;
divided inte Lewls Shale, Mesaverde Formation, and Steele Shale
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in central and gouthern Wyoming. Group is overlain by laramie For-
mation (Upper Cretaceous) in eastern Colorade; overlain by Medicine
Bow Formation (Upper Cretaceocus) in central southern Wyoming; and by
Lance Formation (Upper Cretaceous elsewhere in Wyoming and Montana),

Rothrock, E. P., 1934 (8, D. Geol. Surv., Rep. Invest. 20, fig. opposite
p. 18): Terms Colorade Group and Montana Group used for bedrock below
glacial drift and above Precambrian granite in Grant County, South
Dakota.

Richards, P, W., 1855 (U. S$. Geol., Surv., Bull. 1026, p. 50-63): Group
in Bighorn-Canyon-Hardin area, Montana and Wyoming, comprises (ascend-
ing) upper part of Cody Shale (with Telegraph Creek Shale equivalent
to Fagle Sandstone and Claggett Shale Members), Parkman Sandstone,
and Bearpaw Shale. Overlies Colorado Group; underlies Hell Creek
Formation.

Laird, W, M., and Towse, D. F., 1958 {rev.} (N, D. Geol. Surv., Rept.
Invest. 2, 2 sheets): Stratigraphy of Horth Dakota includes Montana
stage consisting of Fox Hills and Plerre Formations.

Gill, J. R., Cobban, W. A., and Schultz, L. G,, 1972 (Mont. Gecl. Soc.,
21st Ann. Field Conf., p. 91-97}): Rocks of type Montana Group are
cyclic Upper Cretaceous transgressive and regressive deposits.
Marine shale of Colorado, {laggett, and Bearpaw represent periods
of transgression and local westward expansion of sea; Telegraph
Creek-Eagle, Parkman-Judith River, and Fox Hills-Hell Creek Forma-
tions record eplsodes of regression and eastward movements of strand,

Gill, J. R., and Cobban, W. A., 1873 {U. S§. Geol. Surv., Prof. Pap. 776,
37 p.): Rocks of type Montana Group in Montana and equivalent rocks
in adjacent states consist of eastward-pointing wedges of shallow-
water marine and nonmarine strata that enclose westward-pointing
wedges of fine-grained marine strata, Beds of bentonite occur in
transgressive part of Claggett and Bearpaw Shales, Strandline
movement more rapid during transgressions. Final phase of Fox
Hills regression produced Sheridan delta, Twenty-nine ammonite
zones characterize marine strata of Montana Group; suggested that
Hell Creek Formation be included in Montana Group.

Geographically restricted to central and eastern Montana.

Montana seriesg

Proposed by G. H, Ashley, 1923 (Eng, Min, J.--Press, v, 115, no, 25,
P. 1106-1108) to include Montana Group and overlying Laramie
Formation.
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MORDEN MEMBER (of Vermillion River Formation)

Cobban, W. A., and Reeside, J. B., Jr,, 1952 {Geol, Soc. Am,, Bull, 63,
ne. 10, p. 1011-1043): Morden Member of Vermillion River Formation
{Late Cretaceocus) is found on Pembina wscarpment, Manitoba and Worth
Dakota. Overlies Assiniboine Member of Favel Formation; underlies
Bogne Member of Vermillion River Formation.

Wosick, F. D., 1877 (Univ, of R, D., M. 5. Thesis, 152 p.): Morden
Member of Vermillion River Formation crops out in eastern Cavalier
County, North Daketa. Canadian Morden Member used instaad of
Carlile Formation because of lithologic similarity and proximity
te Morden type area. Is dark gray to black, noncalcarecus,
organic~rich shale. Is 2235 feet thick, thins toward cuter edge of
Williston basin.

MORRISON FORMATION

Age: Late Jurassic,

Area of extent: Widespread, southern and northern Rocky Mountains and
adjacent plains.

Litholegy: Green, drab, or gray, marl contaloing, in lower two-thirds,
numerous lenticular bodies of limestone., Sandstone unit near base,
Upper one—third with many sandatone beds.

Thickness: 0400 feec,

Relationships to other unlts: Conformably overlies marine Jurassic heds.
{Underlies Cretacecus beds conformably in Nerth Dakota, unconformably
elsewhere.

Characteristic fosslls: Dinosaurs, fosgil wood, "gastroliths," rare
molluscs and microfosails.

Fconomic significance: 011 productive.

Depositional environment: Fluvial, lacustrine and brackish.
Remarks: Type locallty near Morrilson, Jefferson County, Colorado.
History of stratigraphic nomenclature:

Cross, W., 18%4 (U. S. Geol. Surv., Folio 7, 8 p., 5 mapa): Morrison
Formation described.

Eldridge, G. H., 18%6 (U. 5. Geol. Surv., Mon, 27, p. 51-62): Morzrison
Formarion 1s throughout Denver reglon and along east base of Rocky
Mountains; of fresh-water marls 200 feet thick. Overlain By Dakota
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sandstone, underlain by brown and pink sandstone of Triassic. Maris
are green, drab or gray and have lenticular, drab—colored limestone
in lower two-thirds. At 20 feet above base occurs persistent band
of alternating limestone and sandstone or all sandatone, 10~15 feet
thick. Clays of lower two-~thirds contain reptilian remains and are
called Atlantosaurus clays from dominant form. Upper one-third

of Morrison is succession of sandstones and marls. Saurian sand-
stone occurs Just szbove Atlantosaurus claya; 5-35 feet thick; and
is 10-125 feet below Dakota Sandatone. Morrison is unconformable
with underlying Wyoming Formation.

Darton, N, H., 1904 (Geol. Soc. Am., Bull., 15, no. 8, p. 388): Thick~
ness of Morrison is up to 150 feet in Black Hills region., Absent
to southeast where unconformity shows erosion on surface of Unkpapa
sandstone. Unconformably underliss Lakota sandstone, Formation has
been known as Atlantosaurus beds and Beulah shale.

Fisher, C. A., 1%0% {U. 8. Geol, Surv., Bull. 356, p. 28-30): Morrison
Formation occurs along northern base of Little Belt Mountains. 1In
previous investigations, Morrison Formation had not been recognized
and beds comprising it had been grouped with Kootenal and included
in Cascade Formation. Dinosaur bones of Jurassic age were found at
geveral localities; at one exposure, sec, 3, T, 16 N., R, 2 E.,
about 30 feet below bone-bearing hed, was green shale with fresh~
water fauna younger than fauma of Ellis Formation. These rocks,
here provisionally regarded as constituting Morrison Formation,
consist of sandstone and bright-colored sandy shale with acattered
layers (many lenticular) of impure limestone. Conformably lies on
Fllis and overlain conformably by Kootenai. Thickness 60-120 feet.
Future investigation may prove that rocks here tentatively regarded
as Morrison constitute, basal member of Kootenal,

Calvert, W. K., 1909 (U. 8. Geol. Surv., Bull, 3%0, p. 22-24): Mor-
rison of Lewston coal field consists of shale, sandatones, and
argillaceous fresh~water limestones. Thickneas 123 feet. Overlies
Ellis Formation; underlies Kootenai with no suggestion of unconform—
ity at either boundary. Top of Morrison is believed to be marked by
persistent sandstone member, 10-15 feet thick, containing bone frag-
ments. Above this member, beds are distinctly arenaceous and are
mapped as Kootenal on basis of lithology and occurrence of Lower
Cretaceous plants Jjust above base.

Lee, W. T., 1%20 {Am. J. Sci., 4th ser., v. 291, p. 183-188): Type
section of Morrison redefined. Strata originally assigned to Mor-
rison include those equivalent to Sundance Formation and those that
contain fossil plants of Upper Cretaceous type. Section at Morrison
comprised 10 units (oumbered in descending order 1-10). Units 1-5
are Dakota group (265 feet thick); units 6-7 are Morrison Formation
(160 feet thick); and units 8-10 are Sundance Formation (17 feet
thick). Units 1~3 regarded as two sandstones of Dakota and shale
is "Dakota fire clay.”" Unit &4 is part of Morrison as originally
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defined, yet containe fossil plants described as belonging to
'Naketa flora' (100 feet thick). Unit 5 (10 feet thick) is con-
glomeratic sandstone-—Saurian conglomerate--containing dinosaur

bones and pebbles of quartz and Jasper; 1s sharply separated from
underlying shale,

Lee, W. T., 1927 (U. 8. Geol. Surv., Prof. Pap. 149, p. 17): At Mor-
rison, Golorado, type locality of Morrisen Formation, rocks were
once asgigned to this formation that do not belong; at base ig 17
feet or more of orange sandstone now ktiown to be unconformable with
overlying Morrison and underlying Lykina, and at top is nearly 200
feet of beds younger than Morrison. Thicknesses given in this paper

3 ?iﬁuld replace thicknesses previously published (1920). Cretaceous

Wilmarth, M. G., 1938 (U. S. Geol. Surv,, Bull, 896, pt. 2, p., 1424):
In western South Dakota, Wyoming, and eaatern Colorado, Morrison
Formation is underlain by marine Sundance Formation of Late Juras-
sic age. U. 8. Geological Survey classifies Morrison as Upper
Jurassic although for many years it was considered Lower Cretaceous

{?)‘

Waldschmidt, W. A., and LeRoy, L. W., 1944 {Geol. Soc. Am., Bull. 53,
no. 9, p. 1097-1114): Revised type section proposed. Subdivided
into six lithologic units. Basal sandgtone unit is of 7 feet of

i ' buff, massive, locally crossbedded, coarse- to medium-grained,

E caleareous sandstone, conglomeratic in lower part; north from type

; locality unit thickens to 30 feet, Gray and red shale unit, repre-

i sents lower 55 feet of Morrison, Gray clay and limestone unit of

{nterbedded gray clay and gray lithographic fresh-water limestones,

is 49,75 feet thick. Gray shale and sandstone unit is 31.5 feet

thick. Red shale unit is 36.75 feet thick and most highly colored

H interval in formation. Sandstone and shale unit is 76.3 feet thick;

varlegated sandy shales, marcon most prevalent, constitutes about

30% iaterval. Formation, as herein described, is mappable unit

between Dakota sandstone as originally defined by Eldridge (1896)

and strata assigned to probable Sundance by Lee (1920) which have,

in part, been assigned to Ralston Formation (new). Age is Juras-
sic. As herein defined, Morrison lies with apparent disconformity

below conglomeratic phase of Dakota as defined by Eldrige (1896)

and Lee (1927), and overlies disconformably red, sandy shales

assigned to Lykins Formation. At some localities, basal sandstone
of Morrison is in juxtaposition with strata that have been corre-
lated with Sundance (Jurassic) and that have been included in

Ralston Formatilon.

Cobban, W. A., Imlay, R. W., and Reeside, J, B., Jr., 18945 (am. Assoc.
Pet. Geol,, Bull. 29, no. 4, p. 451-453): Morrison Formation over-
lies Ellis Formation at type sectlion of Ellis. Morrison 1s 100
feet thick.
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Cobban, W. A., 1945 (Am. Assoc., Pet. Geol., Byll. 29, no. 9, p. 1269-
1270, 1290): 1In Sweetgrass Arch, Montana, Ellis is raised to group
rank to include (ascending): Sawtooth, Rierdon, and Swift Forma-—
tions. Overlying Ellis Group are continental beds of Late Jurassic
and Early Cretaceous age. Thickness ig 348-1,300 feet. Bedg are
divisible into three major rock units. Consists of fine-grained
clay shale and mudstone, dense gray limestone, and fine- to very
fine-grained gray and brown sandstones, dominant color is greenisgh-
gray. Unit is up to 310 feet thick and rests conformably on Swift
Formation. Along Litrle Belr Mountains and west to Craig, top of
unit is either coal bed or black carbonaceous clay and mudstone.
Charophyte obgonia and ostraceds from lower part of unit show
definite Morrison {Jurassic) affinities. Unit described above ig
assigned to Morriscn Formation and two overlying units to Kootenadi.
West of Kevin-Sunburst dome, Kootenal rests unconformably on Mor—
rison, Swift, and Rierdon Formations.

Brown, R. W., 1946 (Am. Assoc. Pet. Geol., Bull. 30, no. 2, p. 238-248):
If Morrison enlarged to include 75 feet, more or less, of bagal beds
referred to as Kootenai {all greenish shales and coal, with asso-
ciated dark shale, up to Cobban's (1945) unconformity), then small
florule of ferns, cycads, and conifers added to total flora.
Enlarged Morrison is most likely equivalent in whole or in large
part to Keotenay of Canada; and Kootenaf of United States corre-
sponds In large part with lower Blairmore of Canada.

Yen, Teng-Chein, and Reeside, J. B., Jr., 1952 (U, 8. Geol, Burv., Prof,
Pap. 233-B, p. 22~25): Summary of atratigraphy of formation and
systematic description of molluscan fauna of Morrison Formation.

Peterson, J. A., 1954 {(Am. Assoc. Pet. Geol., Bull. 38, no. 4, p. 464):
Morrison is Kimmeridgian (Late Jurassic) in age.

Waage, K, M., 1955 (U. 8. Geol. Burv., Prof. Pap. 274~B, p. 13, 23-26):
Both new and old type sections of Morrison have indefinite upper
contacts. Beds between disconformity that marks top of Lytle and
greenish-gray claystones of undoubted Morrison are lenticular and
variable in thickness and litholegy. Conglomeratic lenses are

- locally common at two horizons. Upper horizon has thicker and
more persistent conglomeratic lenses; unconformity at base of
upper horizon ia taken a3 Morrisom~Lytle contact. This contact
is believed to correspend to Morrison-Dakota of Eldridge {18%8),
Throughout most of northern foothills local conglomeratic lenses
at base of Lytle crop out near enough to one another sc that posi~
tion of Morrison-Lytle contact can be interpolated between them,
Where 4t is oot possible to recognize contact over large area,
Lytle should be mapped with Morrigon as undifferentiated unit.

Franeis, D. R., 1957 (Am. Assoc. Pet, Geal., Bull, 41, no. 3, p. 393):
Morrison of Williston basin is complex serles of shales and sand-
stones with abrupt facies changes. In North Dakota, Morrison is
1ight- and dark-gray shale interbedded with light~gray fine-grained
sandstone.
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Waage, K. M., 1959 {U. S. Geol. Surv., Bull, 1081-B, p. 38-40, 50-52):
in Black Hills region, Morrison underlies Lakota Formation. Thick-
ness is 21.5-111 feet. Position of Morrison-lLakota contact is
problem, because of lack of persistent well-defined lithic change.
Beds called Morrison {n Black Hills may be equivalent to only part
of sequence of beds of type Morrison. In area of type Morrison, con~
glomeratic lenses occur at two horizons, suggesting hiatuses; one 1s
at base of Lytle Formation, other is at base of upper third of Mor-
rison. Top of Lytle is marked by transgressive disconformity that
also marks top of Lakota. Matching breaks in Front Range and Black
Hills sequences leads to matching Lytle with upper Lakota and upper
third of Morrison with lower Dskota.

Sandberg, C. A., 1962 {U. S. Geol. Surv., TEI-209, p. 90-891): In parts
of Williston basin, sandstopne in upper part of Morrison is indistin-
guishable from sandstone at base of overlying Dakota Group of Early
Cretacepus age.

MOWRY SHALE (of COLORADC GROUP)

Age! Early Cretaceous.
Area of extent: Montana, North Dakota, South Dakota, and Wyonming.

Iithology: Surface exposures consist of light gray to sllver-gray,
platy to blocky shale and thin-bedded gray siltstone or very fine
gray sandstone laminae or beds; bentonite is common to abundant.

In subsurface formation is dark gray-brown to black, hard, blocky
shale with thin laminse and interbeds of gray-white silicious silt~
stone and very-fine-grained, often micacecus to glauconitic sand-
stone.

Thickness: Up to 250 feet.

Relationshipe to other units: Conformable with overlying dark gray
Belle Fourche Shale. Probably disconformable with underiying New—
castle. Equivaleni to Aspen Shale of Colorado and Bootlegger HMem—
ber of Blackleaf Formation of Sweetgrass arch area, Montana,

Characteristic fossils: Fish remains, shark teeth.
Economic significance: May contain beds of commercial bentonite,
Depositional envirooment: ﬁidaspreéd marine, with mild, oscillatory

tectonism, Some volcanic activity causing deposition of wind-~
blown material (bentonite).

Remarks: Type locality along Mowry Creek, northwest of Buffale, John—
son County, Wyoming., Easily recognized in outcrop and has conslstent
electric~log characteristica, Usually drilis harder than shale above.




T

139

History of stratigraphic nomenclature:

Darton, N. H., 1304 (Geol. Soc. Am., Bull. 15, p. 3%4-401): Mowrie
beds comsist of hard, light-gray shale and chin-bedded sandstone
that weathers to light-gray and forms ridges. Contains large num-
ber of f£ish scales and occasional fish teeth and bones.

Rubey, W. W., 1931 {U. §. Geol. Surv., Prof. Pap, 165-A, p. 4): MNefsy
Shale Member of Graneros Shale now included in base of Mowry Shale
into which it grades; Nefsy usage has been abandoned,

Wilmarth, M. G., 1938 (U. S, Geol., Surv., Bull. 8396, pt. 2, p. 1575}:
Mowry has been approved spelling of this name since 1906,

Reeside, J. B., Jr., 1544 (¥. S. Geol. Surv., 01l and Gas Invest.,
Prelim. Map 10): Mowry Shale overlies Newcastle Sandstone; under-
lies Bell Fourche Shale. Is late Cretaceocus in age,

Cobban, W. A., and Reeside, J. B., Jr., 1951 {Am. Assoc, Pet, Geol.,
Bull. 35, no. 8, p. 1892-18983): 1lncrushed ammonites collected from
Mowry Shale belong to Early Cretaceous genera Gastroplites and

Neogastroplites.

Cobban, W. A., 1951 (Am. Asscoc. Pet., Geol, Bull. 35, no. 10, p. 21795~
2181): PForwations equivalent to Colorado Shale are Fall River Sand-
stone, Skull Creek Shale, Newcastle Sandstone, Mowry Shale, Belle
Fourche Shale, Greenhorn Formation, Carlile Shale, and Niobrara For-~
mation. Mowry, in northern Black Hills, consiste of 235 feet of
light gray weatheripg, silicecus shale with abundant marine figh
scales, and interbedded with creamy white layers of bentonite {Clay
Spur Bentonite at top). In central Montana, beds are less siliceocus
and more sandy. Farther west, rocks of Mowry age thicken and hecome
more sandy; lower part passes into nonmarine sediments with tuff,
bentonite, and bentonitic mudstone. Mowry considered formaticn in
Black Hills and member of Colorado Shale in central Montana. 1Is
Early Cretacecus in age.

Cobban, W. A., and Reeside, J. B,, Jr., 1952 (Geol, Soc, Am., Bull. 63,
pl. 1): Boundary between Early and late Cretaceous placed at top of
Mowry Shale. Mowry considered Aptian {in age.

Gries, J. P., 1954 (Am. Assoc. Pet, Geol., Bull. 38, no. 4, p. 446-449):
Term Dakota Group applied to thick sandstone sequence in central
South Dakota where cabled "true Daketa"" and overlies Skull Creek
Shale, '"True Dakota" 1s age equivalent of Newcastle-Mowry interval,
and what is called Dakota in Williston basin to north is actualily
Tall River Sandstone.

Gries, J, P., 1962 (Wyo. Geol. Assoc,, Gdbk,, 17th Ann. Field Conf., p.
170): East of Black Hills, Mowry Shale interval only irregularly
sllicified and much of it resembles underlying Skull Creek Shale.
Mowry merges with Dakota of central South Dakota.
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Walf, G. R., 1962 (Am. Assoc. Pet. Geol., Bull. 46, no. 8, p. 1396-1402):
Mowry Shale in Williston basin subdivided into two units, separated
by marker bentonite bed. Dyoneaon (Jower) unit is shale with two
promient sandstone lithofacies named Dynneson {of Williston basin)
and Bow Island (of northwest Montana). Base of Dynneson unit is
marked by disconformity at top of Skull Creek. Where Dynneson is
absent, unit called "lower Mowry.” Dynneson Sandstone Member 1sg
blanket-type sandstone with shoestring sandstone bodies on top.
Grains are light gray and fine.

"Muddy sandstone"

Age: Early Cretaceocus,.

Area of extent: Eastern and southern Montana, North Dakota, South Dakots,
and eastern Wyoming.

Lithelogy: Gray to white, fine- to medium-grained sandstone with inter-
bedded dark gray shale., May be two or more sandstone beds. Shale
often carbonaceous to coaly. Often represented by very silty shale
with no true sandstone present.

Thicknesa: Up to 130 feet,

Relationships to other units: Disconformably overlies Skull Creek; prob-
ably disconformable with overlying Mowry.

Characteriatic fossils: Occasional plant fosails and pelecypeds.
Economic significance: 01l productive.

Depositional environment: Marine beach~ and bar—deposits with intermit-
tent nenmarine, but nearshore, swampy conditions.

Remarks: Subsurface term originally used in Big Horn Basin oil fields
by drillers because sand mixed with interbedded shale to form "muddy"

mixture using cable tools. Is ssme as Newcastle Sandstone. BSee
also Newcastle Sandstone,

HESSON FORMATION

Age: Jurassic.
Area of extent: North Dakota, Montana, and Manitoba.

Lithology: Sequence of carbonates and evaporites.

Thickness: Up to 260 feet.
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Relationships with other units: Underlies Tampico Shale Member of Piper
Formation; unconformably overlies Spearfish Formation.

Characteristic fossils: Noune,
Economle significance: Xone.
Depogitional environment: Restricted marine.

Type section: Interval of 5,730-5,990 feet in Amerads No. 1 Clarence
Iverson well, Center SWSW sec, 6, T. 155 N., K. 85 W., Williams
County, North Dakota,

Remarks: Named for Nesson anticline. See also Poe Evaporite, Picard
Shale, and Kline Member.

Hisrory of stratigraphic nomenclature:

Nordquist, J. ¥W., 1855 (Billings Geol. Soc., Gdbk., 6th Ann., Fileld Conf.,
p- L4~106): Nesson Formation proposed for sequence of carbonates and
gvaporites with Tampico Shale Member (new) of Piper Formation in
Williston basin area; unconformably overlies Triasaic(?) Spearfish
Formation, Thickness is 260 feet. Includes {ascending): Poe Evap-
orite, Pilcard Bhale, and Kline Mewbers. Formation pinches out by
noendeposition on west side of Bowdoin Dome; wedges out northeast
of Big Buowy Platform and hag no equivalent in Pipe type section
on north flank of Big Snowy Mountains.

NEWCASTLE SANDSTONE, FORMATION {of DAKOTA GROUP)

Age: Early Cretaceous.

Area of extent: Southeastern Montana, North Dakota, South Dakota, and
eastern Wyoming.

Lithology: White, yellowish to reddish (when weathered) sandstone on
outcrop. Usually gray to white, fine- to medium-grained, often
silty sandstone in subsurface. May be two or more sandstone beds
separated by black, often carbonaceous shale. Occasional thin coal
beds. Can be represented as silty shale zone in subsurface.

Thickness: Up to 140 feet,

Relationships to other unitg: Presumably lies disconformably on Skull
creek Shale. Possible disconformity with overlying Mowry. Equiva-
lént to Bow Island of Alberta, Viking of Saskatchewan, and Vaughn
RBentonitic Member of Blackleaf Formation of Sweetgrass arch area,

Characteristic fossils: Occasional plant fossilas and pelecypods.

Economic significance: Q41 productive.
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Depositional environment: Marine beach~ and bar-deposits with inter-
mittent nonmarineg, but nearshore, swampy coanditions.

Type section: NWNW sec. 28, T. 45 N., R. 61 W., exposed on northwest
side of cut on Highway 85, 0.4 miles northeast of junction with
U. 8. Highway 16, 1 mile east of Newcastle, Weston County, Wyomlng.

Remarks: Alse called Muddy Sandstone.

History of stratigraphic nomenclature:

Hancock, E, T., 1920 (U. 8. Geol. Surv., Bull. 716, p. 39, 42, 96):
Newcastle Sandstone Member of Graneros Shale consists of reddish
to light-yvellow sandstone associated with black carbonaceous shale.

Named for exposures at Newcastle, Wyoming.

Reeside, J. B., Jr., 1944 {U. 8. Gecl. Surv., 01l and Gae Invest.,
Prelim. Map no. 10): Rank raigsed to formation and Newcastle is
basal Late Cretaceous sand of Black Hills. Underliles Mowry;
overlies Skull Creek.

Crowley, A. J., 1951 (Am. Assoc. Pet. Geol., Bull, 35, no. 1, p. 83—
1073: Bupgested that Black Hills were uplifted during closing
stage of Barly Cretaceous time, apnd that Precambrian core supplied
sand for Newcastle, Newcastle is interpreted toc bBe closing phase
of Early Cretacecus deposition and overlying Mowry is introductory
phase of Upper Cretaceous.

Cobban, W. A., 1951 {(Am. Assoc. Pet. Geol., Bull, 35, no. 10, p. 2196~
2197): Formations din Black Hills that are equivalent to Colorade
Shale are Fall River Sandstone, 8kull Creek Shale, Newcastle Sand-
stone, Mowry Shale, Belle Fourche Shale, Greenhorn Formarion,
Carlile Shale, and Niobrara Formation. HNewcastle of northern
Black Hills consists of 40 feet of lenticular sandstone, dark—
gray shale, benteonite, and lignite., In central and northwestern
Mentana, equivalent rocka, 300~430 feet thick, are largely gray-
weathering sandy shals, with thin lavers of hentonite.

Gries, J. P., 1952 (Billings Geol, Soc., Gdbk., 3rd Ann. Field Conf.,
p. 76): Crowley's 1351 hypothesis not tenable as faunal collec-
tions near Rapid Clty contain Early and lLate Cretaceous species.

Grace, R. M., 1952 (Wyo. Geol. Surv., Bull, 44, p. 3): Newcastle
Formetion has ghale and siltgtone facles with distribution of
equal magnitude to that of sandstone facles. Newcastle Formation
is preferred usage. Two phases of formatlon are ipdicated--car—
bonaceous one on west and northwest flanks of Black Hills and
noncarbonaceous one on east flank.

Gries, J. P., 1934 (Am. Assoc. Pet. Geol., Bull. 38, no. 4, p. 446-440):
Dakota not used in Black Hills but applied ro thick gequence in cen-
tral South Dakota where it Is called "true Dakota" and overlies Skull
Creek Shale. 'True Dakota" 1s age equivalent of Newcastle-Mowry
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interval, and what is called Dakota in Williston basin to north is
actually Fall River Sandstone.

Skolnick, H., 1958 (Am. Assoc. Pet. Geol., v, 42, no. 4, p. 787-815):
Newcastle 1s member of Skull Creek Formation and is Early Cretaceous.
Faunal and mineralogical evidence indicates that physically and
spatlally Skull Creek Shale, Newecastle Sandstone, and lower Mowry
Shale are sufficlently related to be considered one unit. Type
section gilven.

Gries, J. P., 1962 {¥Wyo. Geol. Amsoc., Gdbk., 17th Ann. Fileld Conf.,
p. 170): Newcastle described as seriles of bars along constantly
changing choreline, rather than deposits due to uplift of Black
Hills,

Pettyjohn, W. A., 1960 (8. D, Acad. Sc¢i., Proc., v. 38, p. 34-38):
Suggested term Dakota Group be used to dinclude Lakota, Fusen,
Fall River, Skull Creek, and Newcastle Formations.

Walf, G. R., 1962 (Am. Assoc. Pet, Geol., Bull., 46, no. 8, p. 1378):
Described new unit Dynneson Sand in northwestern Scuth Dakots and
adjoining parts of Wyoming, Montana, and North Dakota which has
been called Newcastle in previous reports of Williston basin., New-
castle considered to be lenticular sand member at top of Skull
Creek Shale. Newcastle 1s channel sandstone, and Newrastle delta
extended westward from western South Dakota intoc northeastern
Wyoming and scutheastern Montana.

NIOBRARA FORMATION (of COLORADO GROUF)

Age:r Late Cretaceous.

Area of extent: Montana, eastern Wyoming, North Dakota, South Dakota,
Nebraska, southern Minnesota, Kansas, northeastern New Mexico and
eastern Colorado.

Lithology: Gray to dark gray, marly shale, weathers whitish,

Thickness: Up to 700 feet,

Relationships to other units: Conformably underlain by Greephorn For-
mation; conformably overlain by Pierre Shale. Upper part is "First
¥nite Speck Zone.”

Characteristic fossils: Incceramus deformis, Scaphites, Ostrea congesta
and other cephalopods.

Economle significance: None.

'3 Depositional enviromment: Widespread, shallow, stable, marine environment.
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Remarks: Named from exposures near mouth of Niobrara River, Knox County,
Nebraska, "First White Speck Zone" is commonly used marker bed of
subsurface geologists. Calcareous white specks are rhabdeliths and
coceolichs,

Histery of stratigraphic nomenclature:

Meek, F. B., and Hayden, F. V., 1862 (Acad, ¥at. Sci,, Philadelphia,
Proc., v. 13, p. 419, 422): Niobrara division (Formation Ho. 3 of
Cretaceous} conslsts of upper part of lead-gray calcareous marl,
weathering to yellowish or whitisgh chalky appearance; lower part is
light-yellowish and whitish limestone. Total thickness is 200 feet
and occurs in bluifs along Missouri River below Great Bend to viclin~
ity of Big Sioux River. Overlies Fort Benton Group {now Benton
Shale) and underlies Fort Pierre Group (now Pierre Shalsa),

Leonard, A. G., 1906 (N. D. CGeol. Burv., 4th Bienn. Rep., p. 67-71):
Nicbrara is upper member of Coloradc Formation in North Dakota. Is
expoged along Little Pembina and Sheyenne Rivers. Contalns more
calcarecus clays than Benton.

Wilmarth, M. G., 1938 (U, S. Geol. Surv., Bull, 886, pt. Z, p. 1500:
Niobrara is upper formationm of Colorado Group. In places, deposits
are chiefly or wholly shale and are called Niobrara Shale,

Cobban, W. A&., 1951 (Am. Assoc. Pet. Geol., Bull. 353, no. 10, p. 2170,
2187, 2192-21%8%: Formations in Black Hille that are eguivalent to
Colorado Shale of central and northwestern Montana are (ascending):
Fall River Sandstone, Skull Cresk Shale, Newcastle Sandstone, Mowry
Shale, Belle Fourche Shale, Greenhorn Formation, Carlile Shale, and
Niobrara Formation. In northern Black Hills, Niobrara consists of
gray chalk marl that weathers creamy, pale yellow or orange; thin
layers of bentonite abundant, dark gray noncalcarecus shale partings
present near base and top of formation. Sage Breaks Shale reallo-
cated to member of Carlile Shale.

"*Risku' formation," egquivalent {see BIRDBEAR FORMATION)

Towse, D. F., 1953 (N. D. Geol. Surv., Rep. Invest. 12, 1 sheet):
"Hisku equivalent” is Devonian "A" (previous usage of North Dakota
Geological Survey).

ODANAK MEMBER, "series"” (of PIERRE SHALE)

Age: Late Cretaceous.

Area of extent: Manitoha and North Dakota,

Lithology: Light gray, hard, clay shale.
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Thickness: Up to 100 feet.

Relationships to other units: Overlies Millwood "Series" of Manitoba;
overlies Defrey Member of North Dakota; underlies Fox Hills Forma-
tion,

Characterigtic fossils: Only Inoceramus and radiclarians reported from
North Dakota.

Depositional enviromment: Marine.

Remarks: Named from locality near Minnedosa, Manitoba, 85 miles north
of International Boundary,

History of stratigraphic nomenclature:

Tyrrell, J. B., 1893 (Can. Geol. Surv., New Ser., v. 5, pt. 1, pp. 83E-
B5®, 19%E, 212E~215E): Odanah serles of Pierre Shale ia light gray,
hard, fissile shale occurring on upper portion of Riding Mountain in
Manitoba and southward to International Boundary. Very few fossils,

MacLean, A., 1916 {Can. Geol. Surv., Summ. Rep. 1315, p. 131-133):
Odanah is hard, light-colored shale above softr Millwood beds in
Pembina Mountain area.

Williams, M. Y., 1932 (J. Geol., v. 40, no. &, p. 561): Odanah of
Manitcba is correlated with Bearpaw of Montana, Wyoming, and Alberta.

Wickenden, R. T. D., 1945 {Can. Geol. Surv., Mem. 239, p. 48): Odanah
is poorly defined hard facles of Riding Mountain Formation.

Tovell, W. M., 1948 (Manit. Dept. Mines Nat. Resgour., Mines Br.,
Prelim. Rep. 47-7, p. 6): Odanah treated as distinct member of
Riding Mountain Formation.

G11l, J. k., and Cobban, W. A., 1865 (U, S. Geol, Surv,, Prof, Pap. 392-A,
p. Al5-Al6, Al8): Odanah Member of Plerre Shale is hard, siliceous
shale that overlies DeGrey Member, Thicknesg of Odanah in Pembina
Mountains is unknown. Lower 65 feet crops out along North Dakota
Highway 5 near Tongue River. 200 feet crops ocut in Pembina Mountains
of Manitoba. Outcrops of Odansh are scarce in rest of North Dakota
and with little thickness. Part of Odanah grades southwest to Virgin
Creek Member of Plerre Shale in Bouth Dakota.

Bluemle, J. PF., 1973 (N. D. Geol. Surv,, Bull, 57, pt. 1, p. 12): Odanah
Menber crops out in Walah and Nelson Counties, North Dakota; 1a hard,
giliceous, gray shale with reddish-brown and purple stalns on joint
faces and concretions. Appears to be jointed along north-south zons
that may be result of glacial movement or loading.

Arndt, B. M., 1975 (8. D. Geol. Surv., Bull, 62, pt. 1, p. 7): (danah
Member in Cavalier and Pembina Counties, North Dakota; weathers into
distinct plates or flakes.
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OPECHE FORMATION, Salt, Shale

Age: Permilan.
Area of extent: Western South Dakota, Wyoming, and northwestern Nebraska.

Lithology: Red, friable, gandstone and sandy shale.

Thicknesg:; Up to 280 feet.

Relationships to other units: Underlies Minnekahta Limestone; overlies
Minnelusa Formation.

Characteristic fossila: None.
Economic significance: HNone.
Depositional environment: Marine.

Remarks: Type locality on Battle Creek; Opeche 1is Indlan name for
Battle Creek.

History of stratigraphic nomenclature:

Darton, N. H., 1901 (U. S. Geol. Surv., 2lst Ann. Rep., pt. 4, p. 513):
Red, soft, sandstone snd sandy shale; deep-purple ghale at top, basal
beds usually red sandstone, 4-15 inches thick. Underlies Minnekahta
Limestone and overlies Minnelusa Formation, Typically developed on
Battle Creek; Indian name of which Is Opeche,

1 Gries, J. P., 1952 (Billings Geol. Soc., Gdbk., 3rd Ann. Field Conf.,
p. 72}: 1In southern Black Hills, betwaen typical Minnelusa and
typical Opeche beds 1s up to 120 feet of "transitional beds" of
fine, brick-red sandstone in outcrop and orange or mottled yred and
orange sandstone in subsurface, These beds included with Casss
Group of Minnelusa or in Opeche Formation. No fossils in Opeche
but uguwally considered to be Permian.

Lajird, W. M., and Towse, D. F,, 1853 (¥. D. Geol. Surv,, Rep. Invest. 2,
sheet 1): Permlan System in North Daketa includes Opeche, B8 feet
of red shale and anhydrite, overlain by Minnekahta Formation.

Burk, C. A., and Thomas, H. D., 1956 (Wyo. Geol. Surv., Rept. Invest. 6,
11 p.): Goose Egg Formation of eastern Wyoming 1s sequence of inter-
hedded red to ocher shale and gilstone, thin limestone, gypsum, and
limestone breccia. Bests on Minnelusa and equivalents (Tensleep,
Casper, and Hartville); underlies Spearfish and equivalents {Chug-
water). Minnekahta i1s limestone with farthest east extent, under—
lain by Opeche Shale; less extensive are overlying Forelle and
Ervay Limestones, all in Phosphoria Greup.




147

Anderson, S8, B., and Hansen, D. E., 19537 (N, D. Geol. Surv., Rep. Invest.
28, 2 sheets): Opeche Formation, reddish sandstone, slltatone, and red
shale sequence in North Dakota, contains Permian "A" Salt. Opeche
overlain conformably by Permlan Minnekahta and unconformably overlies
Pennsylvanian Minnelusa. Permian "B" 3alt occcurs below "A" Salt but
not extensive,

Otter Creek bed (of SENTINEL BUTTE)

Johnson, W. D., Jr., and Kunkel, R. P., 1959 (U. §8. Geol. Surv., Bull,
1076, p. 45): Otter Creek bed is named for Otter Creek; lies 135-
145 feet above Beulah~Zap bed, Consists of two coals about 15 feet
apart. :

OTTER FORMATION (of BIG SNOWY GROUP)

Age: Late Misgissippian (Chesterfan).
Area of extent: Central and sastern Montana and western North Dakota.

Lithology: Green, gray-green, gray, and rarely red shale Interbadded
with tan limestone and dolomite.

Thickness: Up to 170 feet.

Relationships to other units: Conformably overlies Kibbey Formation and
is conformably overlain by Heath Formation. Heath-Otter contact
usually gradational, Is middle unit of Big Snowy Group.

Characteristic fossils: Algae and ostracods,
Depositional enviromment: Open and semi-restricted marine,

Remarks: Type locality is Otter Creek, Fort Benton quadrangle, Montana,
"Apple-green” shale of Otter is unique color and easily recognizable.
Many areag of covered Otter may be recognized by green soill that
retains 1ts color even after extensive weathering. See alsc Big
Snowy Group.

History of stratigraphic nomenclature:

Weed, W. H., 1892 (Geol. Soc. Am., Bull. 3, p. 307): Detailsd section
at Belt Creek, Montana consists of following succession in lower
part: 1) conglomerate and sandstone with Jurassic fossils, 215
feet; 2) white limestone, red earthy patches, Paleozole facles,
a0 feet; 3) Otter Creek shale, alternating gray, purple, greean,
and hlack shales and earthy limestones yielding carboniferous fos-
gils, 212 feet; 4) black chert, & feet; 5) limestone and shale, 50
feet; and &) gypsum, 3} feet.
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Weed, W. H,, 1899 {(U. 5. Geol. Surv., Ceol. Atlas, Folio No, 55): 1In
Fort Benton quadrangle, lowest beds of Quadrant Formaticn are
gypsiferous Kibbey sandstone, overlain by Otter shale. Otter is
upper member of Quadrant Formation, 303 feet of dark-gray or purple
basal shales, becoming bright coppery-green higher up, and inter-
bedded with limestone (1 or 2 feet thick, oolitic, with lower car-
boniferous fossils). Otter assigned to Carbonifercus. Otter shale
overlain by Ellis Formation.

Wilmarth, M. G., 1938 {(U. S, Geol. Surv., Bull. 8%6, pt. 2, p. 1575):
United States Geologlcal Survey adopted Otter Shale Member of Quad-
rant Formation in 1807,

Scott, H, W., 1935 (Geol. Soc., Am., Proc., 1934, p, 367): Big Snowy
Group consists of Kibbey, Otter, and Heath Formation. Otter is
variegated shale with intercalated limestones and sandstones,
Overlies Madison limestone.

Perty, E. 8., 1937 (Mont. Bur. Mines and Geol,, Mem, 3, p. 16): 1In
type locality, Big Snowy Group comprises {ascending): Kibbey, Otter,
and Heath Formations. Otter is 600 feet of gray to vivid greern shale
with anhydrite and gypsum, and thin beds of limestone and sandstone.

Anderson, S. B., 1954 (N. D. Geol. Surv., Rep. Invest. 156, 2 gheetsg)t
Otter Formation present over western half of North Daketa in sub—
surface. Consists mainly of variegated shales and little limestone.

Laudon, L. R,, 1955 (Billings Geol. Soc., Gdbk.,, 6th Amn. Field Conf.,
p. 210): Kibbey, Heath, Otter and Amsden believed to represent shore
facles of early Pennsylvanian seas.

Gardner, L. S., 1959 (Am. Assoc. Pet. Geol,, Bull. 43, no. 2, p. 333-334,

340-341, 346-347): Thickness 374 feet in compoaite standard section
for revised Big Snowy Group.

PEMBINA MEMBER {of Vermillion River Formation)

Cobban, W. A., and Reeside, J, B,, Jr., 1852 (Ceol, Soc. Am., Bull, 63,
no. 10, p. 1011-1043): Pembins Member of Vermillion River Formation
(Late Cretaceous) 1s found on Pembina escarpment, Manitoba and Nerth
Dakota. Conformably underlies Riding Mountain Formation, unconform-
ably overlies Boyne Member of Vermillion River Formation,

G111, J. R., and Cobban, ¥W. A., 1385 (U. 5. Geol. Surv., Prof., Pap. 3524,
p» 6~7): Pembina Member of Pierre Shale found in Pambina Mountain
area of North Dakota 1s O feet of dark noncalcareous shale resting
on Boyne Member of Vermillion River Formation or Niobrara Formation
of North Dakota.

7
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Permian "A" salt

Anderson, S. B., and Hansen, D. E., 1857 (N, D. Geol. Surv., Rep. Invest,
28, 2 sheets): Permian "A" salt 1s sequence of salt in Opeche Forma-
tion. Section difficult to pick because of assoclated impurities,
Occupies most of Williaston basin, but lateral extent not as far as
Mississipplan salt. Greatest thickness 1s 18l fest.

See algo QOpeche Formation.
Permian "B" salt

Andetrson, S, B.,, and Hansen, D. B., 1957 (N. D. Geol. Surv., Rep. Invest.
28, 2 sheets): Permian "B" salt lies below Permian "A" salt but is
not extensgive.

See also OUpeche Formation.
PICARD S$HALE MEMBER (of NESS50N FORMATION)

Age: Jurasslce.

Area of extent: ISubsurface in Montana, North Dakota, and Manitoba,
Lithology: Dark-red shale with thin intérbads of white earthy gypsum.
Thickness: 40 feet in type gection; thins toward marging of basin.

Relationships with other units: C(onformably overlies Poe Evaporite
Member and underlies Kline Member.

Characteristic foseils: HNone.

Economic significance: None.

Depositional environment: Marine.

Type section: Interval of 6,610-6,650 feet in Deep Rock 011 Corp.

¥o. 1 Picard well, Center NWNE sec. 6, T. 2% N., R. 52 E., Roose~
velt County, Montana.

History of stratigraphic nomenclature: ;

Nordquist, J, W., 1955 (Billings Geol., Soc., Gdbk., &6th Ann. Field Conf.,
p. 104-105): Picard Shale Member 1is shale unit that conformably over—
lies Poe Evaporite Member (new} and underlies Kline Member (new;. In
type sectlon, conaists of 40 feet of dark-red ghale that 1is slightly
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gilty in part and containg masses or thin interbeds of white, earthy

gypsum In lower half of unit. Thins toward margine of Williston
basin. '

PTERRE SHALE

Age: TLate Cretaceouss

Area of extent: Worth Dakota, South Dakota, eastarn Montana, eastern
Wyoming, eastern Colorado, Nebraska, and western Minnesota.

Lithology: Dark gray silty to sandy shale with bentonite heds and scat~
tered concretions.

Thickness: Up to 2,700 feet,

Relationships to other units: Possibly unconformable with underlying
Niobrara Shale and overlylng Fox Hills sandstoune.

Characteristic fossils: Numerous species of Baculjires, Scaphites,
and other cephalepeds, Inoceramus, and foraminiferans,

Depositional enviromnment: ¢ffshore marine with nearshore ellty zounes.
Voleanic debris blown in from far west sopurce.

Type section: Exposure at Fort Plerre in either Stanley or Hughes
County, South Dakota. Exact location of Fort Plerre not known.

Remarks: Equivalent to total section of Bearpaw, Judith River, Claggett,
and Eagle Formations of central and unorthern Montana and to Lewls,
Mesaverde and Steele Formatlons of western Powdar River basin. Can
be readily divided in subsurface by use of electric logs.

History of stratigraphic nomenclature:

Meek, ¥. B., and Hayden, F. V., 1862 {(Acad. Nat. Sci. Phila., Proc.,
v, 13, p. 4185, 424): HNamed Fort Plerre Group {Formation No. & of
Cretaceous). Thickness 700 feet in Nebraska [then included Wyoming,
Montana, and Dakotas]. Underlies Fox Hills beds and overlies Nio-
brara. Fart Pilerre Group coneilsts of (descending): 1) dark-gray
and blue fossiliferous plastic clays exposed on Sage Creek, Cheyenne
River, and White River; 2) middle zone, barreun of fossils exposed at
Fort Pierre and in Badlands and down Misgouri River or high country
to Great Bend of Missouri River, 3} lower fussiliferous zone exposed
at Great Bend of Missouri, and 4) dark bed of very fine clay contain-
ing wuch carbonaceous matter with velns and seama of gypsum, masses
of sulphuret of iromn, and fish scales exposed near Bijou Hills on
Missouri River.

Wnite, €. A.,, 1878 (U. S. Geol. Geog. Surv. Terr,, 10th Ann. Rept., p.
21, 22, 30): Fort Plerre Group (Plerre Shale of present usage)
transferred from Colorade Group to overlying Fox Hills Group.
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Darton, N. H., 1896 (U. S. Geol., Surv., ann. Rept. 17, p. 609-694);:
Previcus descriptions repeated but name shortaened to Plerre. Pilerre
is extended to Yankton and under Turkey Ridge of South Dakota.

Leonard, A. G., 1908 (N. D, Geol. Surv., Bienn. Rep. 5, p. 42): Plerre
found in northwestern Bowman County, North Dakota, and into eastern
Montana on an antlclinal fold, Plerre Shale i1s bluish gray shale,
jointed, weathers to small flaky fragments with iron oxide staining.
Numercus concretions of impure lime carbonate, and marine fossil
shells occur in the formation.

Barry, J. G., and Melsted, V. J., 1508 {N. D. Geol. Surv., Blenn. Rep.
5, p. 171-184}: Described as conformably overlying the Niobrara
shale with actual contact perhaps at base of series of black and
vellow bands that are uniform over large distance. Pilerre reaches
a thickness of 1000 feet inm central part of North Dakota and thins
toward eastern edge due to ervsion. Pilerre is gray to black shale
with clay ironstone in lower 40-50 feet,

Calvert, W. R., 1910 (U. S. Geol, Surv., Bull. 471, p. 193): Maximum
of 300 feet of Pierre Shale exposed in eastern Montana due to Cedar
Creek anticline.

Rubey, W. W., 1931 (U. S§. Geol. Surv,, Prof, Pap. 165-A, p. 3-4}: Pilerre
shale of Black Hills, South Dakota, includes (descending) 150-200 feet
of unnamed, dark-gray fissile shale and mudstone, 150 feet of Monument
Hill bentonitic member, 300-800 feet of unnamed mudstone shale, 150-
200 feet of Mitten black shale member, and BOO-1000 feet of Gammon
ferruginous member with Groat sandstone bed (150 feet in northern
part). Overlies Nicbrara Formation; underlies Fox Hills Sandstone,

Searight, W. V., 1837 (8. D. Geol. Surv., Rep. Invest. 27, p. 563):
Along Missouri River of South Dakota, Plerre includes {descending):
1) Elk Butte, of fine, medium gray shale; 2) Mobridge, of buff,
calcarecus shale, marl and chalk beds; 3) Virgin Creek, of light
to tedium gray hard shale with thin bentonite beds and concretions;
4) Sully, of clay and shale with concretions of clay ironstone
(Verendrye shale zome)}, bentonite clays and shales with manganiferous
iron concretions {Cacoma zone), and hard gray, siliceous shale (Agency
shale zone); and 5) Gregory Member, of dark bentonite bearing, bituw
minous shale with chalk beds at top. Total thickness 361-1204 feet.
Overlies Niobrara Formation; underlies Fox Hills Formation.

Moxon, A. L., Olsen, O, E., Searight, W. V., and Sandals, K. M., 1938
(Am. J. Botany, v. 23, p. 795-796): Lower Gregory changed to

! Sharon Springs Member. Mobridge replaced by Interior, as Interior

has precedence.

Moxon, A. L., Olsen, ©O. E., and Searight, W. V,, 1939 (5. D. Agr. Exp.
Sta. Tech. Bull, 2, p. 20): Sharon Springs 1s considered to be all
beds above Niobrara and below Gregory marl (Crow Craek Memker).

i Sharon Springs is divided into upper and lower unit.
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Gries, J. P., and Rothrock, E. P., 1941 (5. D. Geol, Surv., Rep. Invest,
38, p., 9-30): Pierre redefined in South Dakota as follows (descend-
ing): 1} Elk Butte, of dark, gray shales, 2) Mobridge, of chalk,
chalky shale, and sandy shale, 3) Virgin Creek, of upper zone of gray
shale, lower zone of gray shale with bentonite bede, 4) Sully, 5)
Gregory, of upper thick shale zone and lower chalk beds, and 6)
Sharon Springs Members, of upper shale zone and lower fish scale
zone in dark gray shale. Sully Member further subdivided (descend-
ing): 1) Verendrye zome, of light to medium dark shale, with iron-
manganese carbonate concretions, 2) Jacoma zone, of upper beds con-
tain sbundant iron-manganese concretions and numercus bentonites,
lower beds contain fewer concretions, 3) Agency zone, of hard, light
gray, siliceous shale, and 4) Crow Creek zone, of marl or impure
chalk over basal sandstone,

Gries, J. P., 1942 (5. D. Geol. Surv., Rep. Invest. 43, p. 5-29): Same
usage followed as above with folloewing exceptions: 1) Cacoma zone
and Agency zone of Sully Member combined to Agency-Oacoma zone, 2}
Gregory Member not divided into shale zone and marl, and 3) Sharon
Springs Member not divided into upper and lower zones,

Klipe, V. H., 1542 (Am., Assoc. Pet. Geol., Bull. 26, no. 3, p. 353-355):
Pierre underlies drift in most of eastern half of North Dakota except
Red River valley; crops out along Missouri River in south-central
North Dakota, Little Misgouri River in southwestern corner, James
River, Bheyenne River, and Pembina Mountains. Plerre is gray shale,
weathers to thin, hard flakes. Fullers earth, limestone, and sandy
shale beds are local. Calcareous shale outcrop at Valley City may
be equivalent to upper Gregory Member of South Dakota. Total thick-
ness 530-2390 feet,

Crandell, D. R., 1950 {Am. Amsoc. Pet. Geol., Bull. 34, no. 12, p. 2337-
2346): DeGrey Member proposed for Agency-~Dacoma zone. All zones of
Sully Member ralsed to member status, 5ully no longer used, Pilerre
Shale of central Sourh Dakota includes {degcending): Eik Butte,
Mobridge, Virgin Creek, Verepndrye, DeGrey, Crow Creek, Gregory, and
Sharcon Springs Members.

Fisher, §. P., 1952 {N. D, Genl. Surv., Bull. 26, p. 8-10): Pierre is
cldest formation exposed in Emmons County. Most of Plerre is Elk
Butte Member; Mobridge Member may be prasent., Total thickneas 135
feet: underlies Fox Hills Formation.

Wilson, E. E., 1958 (Master's Thesis, Univ. N. D., 134 p.}: Lowest
unit of Pierre Shale of Cavalier Ceounty, North Dakota, prebably
equivalent to Bharon Springs Member of South Dakota and Pembina
Member of Vermillion River Formation of Manireba and Saskatchewsan.
Stratigraphically higher unit may be equivalent to southern Sheyenne
River section. Highest unit may be equivalent to "Odanah" beds of
Manitoba. Plerre of northern Sheyenne River and Stutsman County may
be equivalent to Verendrye and DeCGrey Members of South Dakota.
Bmmons County has equivalent of Elk Butte Member; Bowman County
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strata, similar to Emmons County strata, are older and may be equiva-
lent to Mobridge Member.

Robinson, €. §., Mapel, W. J., and Cobban, W. J., 1959 (Am. Assoc. Pet.
Geol., Bull., 43, no. 1, p. 101-123): On northern and western flanks
of Black Hills, marine Pierre Shale consists of dark gray shale with
sandy shale and bentonite. Total thickness 2,000-~2,700 feet. Pigrre
divided into members based on lithologic differences In shale and
sandy and bentonitic beds. These are (descending): Kara and Monu-
ment Hill bentonitic members, an unnamed upper part of half or more
of Plerre Formation, Mitten Black Shale Member, and Gammon Ferrugi-
nous Member including Groat Sandstone bed. Overlies Niobrara Forma-
tion and underlies Fox Hills Sandztone. Plerre-Fox Hills contact
becomes clder northward from Newcastle, Wyoming to Carter County,
Montana.

Tourtelot, H. A., Schultz, L. G,, and G111, J. C., 1980 (U. S. Geol.
Surv., Prof. Pap. 400-B, p. 447-448): Sharon Springs and Mitten
Black Shale Members of Pilerre and Claggett Shale are contempora-
units of organic-rich black shale and beds of non-agwelling benton~
ite. $ilty and sandy beds overlying Mitten along west side of
Black Hills are 400~600 feet thick; equivalent to Judith River
and Mesaverde Formations of Montana and Wyoming.

G111, J. R., and Cobban, W. A., 1962 (U. 8. Geol. Surv., Prof. Pap,
450-B, p. 21-24): 200-725 feet of gray, marine, silty shale, named
Red Bird Silty Member and is lowest of two unnamed ghales above Mit-
ten Member and below Monument Hill In eastern Montana and Wyoming,
and western South Dakota. Traceable into Gregory and Crow Creek
Members of Pierre Shale in central Socuth Dakota, westward into
Parkman Sandstone of Mesaverde in Powder River basin, and northwest-
ward into Judith River Formation of eastern Montana.

¢i11l, J. R,, and Cobban, W. A., 1963 (U. S. Geol., Surv., Prof. Pap. 3324,
20 p.): Five units related by lithology and fossil content to eguiva-
lent units in type Plerre 8hale of central South Dakota and units in
Vermillion River and Riding Mountain Formations of Manitoba. They
are (ascending): Fembina, Gregory, DeGrey, Odanah, and the fifth
(youngeat) 1s unnamed,

G111, J. R., and Cobban, W. A., 1973 (U. 8., Geol. Surv., Prof. Pap. 776,
p. 16-19}: Assigned to Montana Group {(newly resrricted) eonly in

southeastern Montana; no longer assigned to any named group else-
where.

Pine member, salt

Age: Permian-Triassic.

Area of extent:; North Dakota and eastern Montana.
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Lithology: Halize with anhydrite and reddish-brown mudstone.
Thickness: Up to 300 feet.

Relationships to other units: Conformably underlies Saude; unconform—
ably overlies Spearfish.

Characteristic fossils: Nane.
Economic significance: Pogsible salt preduction,
Depositional enviromment: MNonmarine evaporitic,

Remarks: GSee also Spearfish Formation, Saude Formation, and Triaasic
"B" Salr,

History of stratigraphic nomenclarure:

Zeiglar, b. L., 1955 (H. D. Geol, Soc., South Dakota Black Hills Field
Conf., Gdbk., p. 51): Pine Salt is ashydrite and rveddizh-brown mud-
stone, Nonmarine evaporitic enviromment of deposition probable.
Conformably underlies Saude Formation; erosional unconformity
between Pine Salt and Spearfish Formation,

Dow, W. G., 1964 {3rd Williston Basin Sym., Conrad Pub. Co., Biamarck,
p. 127-131): Pine Salt comsidered to be member of Spearfish Forma-
tion. Grades laterally into anhydrites and shales of lower Spearfish
and is considered to be Permian,

PIPER FORMATION

Age: Middle Jurassie,.

Area of extent: East of 111° meridien in Montana, and eastward fnto
North Dakota.

Lithology: Generally includes lower red bed and gypsum member, middle
member of gray shale, limestone and dolomite, and upper red bed and
gypsum member.

Thickness: Up to 400 feet,

Relationships to other units: Conformably underlies Rierdon Formation;
unconformably overlies Triassic to Mississipplan strata in Montana.
May conformably overlie Nesson Formation in Williston bhasin and
nearby area in subsurface. Piper 1s later equivalent of Sawtooth
of western Montana and Gypsum Springs Formarion of Wyoming.

Characteristic fosslls: Chondroceras (Pefonticeras), numerous pelecy-
pods; locally Astrocoenta hyatti (coral).

Economic significance: 011 productive, gypsum.




155
Depositional environment: Restricted evaporitic te open marine.,
Remarks: Type locality about 1 wile southwest of Piper, Montana, on

: northern margin of Big Snowy Mountains. See alse Ellis Group,
| Tampice Shale, Firemcon Limestone, and Bowes Member,

History of stratigraphic nomenclature:

Imlay, R. W., Gardner, L. 5., Rogers, ¢, P., Jr., and Hadley, H. D.,
1948 (U. S. Geol. Surv,, 0il and Gas Inv, Prelim, Chart 32, 1 sheet):
Piper Includes all Middle Jurassic red beds, gypsum, and associlated
normal marine beds underlying Rierdon Formation in eastern Montana
¢ast of Sweetgrass-Big Belt line of uplifr. Bamal part locally
includes equivalents of type Gypsum Spring Formation of central
Wyoming: upper part includes beds that have been placed in lower
part of lower Sundance in Wind River basin and central Wyoning.

In Montana, consiasts of lower red bed and gypsum member, middle
member of gray shale, limestone, and dolomite, and upper red-bed
gypsunm member, Members grade intc each other vertically, and, to
some extent, red beds grade laterally into middle marine member;
upper menber grades laterally into yellowlsh, calcareous, marine
siltstone and sandstone. At type section, consists of (ascending)
about 12 feet of massive white gypsum, & feet of brittle, chocolate~

3 gray limestone, 37 feet of marcon and green siltstone and shale, 5

feet of gray, =ilty limestone, 9 feet of gray papery to chunky shale,

and & feet of yellowish-gray, sandy limestone. Thickness 0-300 feet

% and varies considerably within short distances. Grades larerally

‘ into Sawtooth Formation,

Imlay, R. W., 1952 (Geol. Soc. Am., Bull, 63, no. 9, p. 967-968):
Piper Includes all Middle Jurassic beds underlying Rierdon Forma-
tion in eastern Montana east of Sweetgrass—-Big~Belt lime of uplifr.
| First identified as Gypsum Spring Formation; later fileldwork showed
that Gypsum Spring of type area in central Wyoming represents only
1 basal Middle Jurassic; correlates with lower member of Gypsum Spring
| in Montana and part of Big Horn Basin of Wyoming. Because beds
equivalent to type Gypsum Spring in Montana are not mappable, name
Piper is used for beds formerly called Gypsum Spring., Middle member
of Piper has ammonites such as Defonticeras and Telocerag, which
J are of middle or late Bajocian age; upper red-bed member grades
larerally in western Montana into yellowish siltatoune, sandstone,
and limestone that contalns Arctocephalites and Procerites and is
considered Late Bathoanian.

AU

» 1954 (Billings Geeol. Soc., Gdbk., 5th Ann. Field Conf., p. 56):
l Piper Formation is conformably overlain by Rierdon Formation in most
H areas, but in south-central Montana contact may be disconformable.

Nordquist, J. W., 1955 (Billings Geol, Soc., Gdbk., 6th Ann, Field Conf.,
p. 99-104): Piper subdivided to include {(ascending): Tampico Shale,
Firemoon Limestone, and Rowes Members {(all new). Units are recog-
nizable in subsurface and surface sections. In subsurface of Wil-
liston basin overlies Kline Member of Nesson Formation (Both new).
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Storey, T. P., 1958 (Alberta Geol. Soc. Pet. Geol., J. 6, no, 4, p. 90-
104): In Jurassic of Williston basin and adjacent areas, faunal, envi-
ronmental and tectonic evidence groups units into four major deposi-
tional sequences or stagelike intervals which Imlay (1948) referred
to as Gypsum Spring (or Piper), Sawtecoth, Rierdon, and Swift Forma-
tions. Miscorrelation of type sections of these formations are
regult of variations in stratigraphic succession caused by sub-
Swift and sub~Rierdon unconformities that correspond respectively
to Arkell's (1956, Jurassic geclogy of the world: New York, Haf-
ner Publishing Co.) Early Callovian, and Latest Callovian to Early
Oxfordian marine transfessions. Recogultion of regiomal extent and
significance of these unconformities suggests these are the follow-
ing stratigraphic variationg: 1) Lower Swift (Stockade Beaver-—
Hulett of Lower Sundance) is older than type Swift and younger than
type Rierdon; and 2} Sawtooth is discrete stratigraphic unit vyounger
than Piper or Gypsum Spring.

Dow, W. G., 1984 (3rd Williston Basin Sym., p. 127-131): Dunham galt,
formerly of Spearfish Formation, is conaidered to be facles of lower
evaporite unit of Piper Formation and 1s Jurassic 1in age.

Witkind, I, J., 1971 (U. 8. Geol, Surv., Geol. Quad. Map, GQ(-B98):

Hame change to Piper Limestons in central Montana.

POE EVAPORITE MEMBER (of NESSON FORMATION)

Age: Jurassic.
Area of extent: Subsurface in ¥orth Dakota, Montana, and Manitoba,

Lithology: Salt, gypsum and ahydrite; small amounts of dolomite;
limestons at top of unit.

Thickness: 118 feet at type well, thins to esaat,

Relationships with other units: Underlies Picard Shale Member; uncen-
formably overlies Spearfish Formation. Basal member of Nesaon
Formation.

Characteristic significance: Hone.

Environmental significance: HNone.

Depositional enviromment: Restricted marine.

Type section: Interval of 6,947-7,065 feet in Phillips-Skelly-Gulf
No. 1 Hoeshn (Poe Unit) well, Center NESE sec. 13, T. 132 H., R,
102 W., McKRenzie County, North Dakota.
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History of stratigraphic nomenclature:

Nordquist, J. W., 1955 (Billings Geol. Soc., Gdbk., &th Aon., Field Conf.,
p. 64-105): Poe Evaporite Member is bagal unit of Nesson Formation
(new). Underlies Picard Shale Member (new); unconformasbly overlies
Triassic(?) Spearfish Formation. In type section, consists of 65
fest of basal bed of magsive salt, overlain by 53 feet of white to
pink gypsum and anhydrite and dark-red ghale with few thin interbeds
of gray to red, dense dolomite; thin bed of buff to browm, very
finely crystalline to earthy limestone present at top. Thins sast-
ward from type well and appears to merge in Bowdoln dome area with
younger members of formation. Unit exhibits abrupt facies changes
on east flank of Williston basin where member averlaps Spearfish
Farpation and Madison limegtone and rests on pre-Mississippian
rocks.

Poplar interval, "beds™

Age: Mississipplan.
Area of extent: Montana and subsurface in Saskatchewan and North Dakota.
Economic significance: Oil productive.

Remarks: Informally named for Poplar 0ilfield, Montana. See also
Madison Group.

History of stratigraphic nomenclature:

Porter, J. W., {(Chm.), 1956 (Sask. Geol. Soc., Rept. of the Miss. Names
and Correlation Comm., p. l1-4): "Poplar beds” bounded below by "Rat-
cliffe beds and above by Kibbey Limestone or Big Snowy Group.

Anderson, S. B., Hansen, D, E,, and Eastwood, W, D., 1960 (¥, D, Geol,

Surv., Rep. Invest. no. 36, p. 1-25): Poplar iaterval bounded below
by Ratcliffe interval and above by Spearfish Formation.

PRATRIE EVAPORITE, FORMATION (of ELK POINT GROUP)

Age: Middle Devonian.

Area of extent: Northeastern Montana, northwestern Horth Dakota, and
Saskatchewan.

Lithology: Salt; locally with anhydrite and dolomite nesr base. Red
shale layers become more common near margins; minor amounts of
potash salts.

Thickness: Up to 700 feet.
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Relationships to other units: Conformably overlies Winnipegosis Forma-
tion and conformably underlies Dawson Bay Formation. Upper formation
of Elk Point Group.

] Characteristic fossils: None.
Economic significance: Potash deposits mined in Sagkatchewan.
Depositional enviromment: Marine saline basin.

Type section: Depths of 4,350 and 4,590 feet in Tmperial 011 Co., No.
1 Davidson, Land surface datum 16, sec. 8, T. 27 N., R. 1 W., 3rd
Meridian, Saskatchewan,

Bistory of stratigraphic nomenclature: ‘

{ Baillie, A. D., 1953 (Am. Assoc. Pet. Geol., Bull. 37, mo. 2, p. 444-446):
Prairle Evaporite Formation proposed for salt and anhydrite beds of

upper unit of Elk Point Group throughout most of Elk Point basin.

Beds are 50-600 feet thick. Overlies Winnipegosis Formation; under-

liss Dawson Bay Formation of Manitoba Group.

i Sandberg, C. A., and Hammpond, C. R., 1958 f{Am. Assoc. Pet. Geol., Bull.
42, no. 10, p. 2306-2307): Prairie Formation underlies deepest part
of Williston basin in northwestern North Dakota and northeastern
Montana, Thickness 0-~500 feet. In center of basin Prairie divided
into twe members: Lower member is anhydrite and dolomite interbedded
with shale and thin beds of halite; upper membar 1s halite and is
termed Salt Member.

PRETTY BUTTE MEMBER {of HELL CREEK FORMATION)

Frye, C. I., 1969 (N. D. Geol, Surv., Bull, 54, p. 38-39): Pretty Butte
Member consists of bentonites and bentonitic shales with sandstone;
giderite nodules are common. Named from Pretty Butte, butte in Slope
County, North Dakota; type section is 12 miles north of Marmarth on
southeast-facing slope on northeast end of butte on west side of
"West Marmarth Road" in SWNE sec. 26, T. 134 N., R. 108 W., Slope
County, North Dakota. Interfingerg with Huff Member helow; top of
member coincides with top of Hell Creek Formation. Member found
everywhere in westaern and central North Dakota. Fauna and pedi-
ments suggest coastal plain with swampy conditione, small meander—
ing streamg, and covered at times by volcanic agh.

"purple limestone™

Refers to Minnekahta Limestone in reporte pricr to 19Q1.

See Minnekahts Limestone.

s
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(u'Appelle Group

Includes Lyleton Formation and upper unit. Different applications of
Gu'Appelle Group have been made because stratigraphic position of
Lyleton Formation not clearly designated., Group generally regarded
as approximately equivalent to Three Forks Formation.

Ratcliffe interval, "beds™

Age: Misslsgippian.
Area of extent: Subsurface in Saskatchewan and North Dakota,.

Remarks: Informally named for Ratcliffe 0ilfield, socutheastern Sas—
katchewan. See also "Poplar beds,” "Midale beds," '"Midale anhy~
drite," Midale subinterval, and Madison Group.

History of stratigraphic nomenclature:

Fuller, J. 6. C. M., 19536 (Sask. Dep. Miner. Resour., Rep. 19, p. 36):
"Ratcliffe beds" of 75 feet of Upper Madison limestone of south-
eastern Saskatchewan contain anhydrite, dolomite, and mudstone,
bounded below by "Midale beds.” 01l productive where capped by
"Charles lower salt" in Ratcliffe 0ilfield.

Anderson, S. B., Hansen, D. E., and Eastweod, W. 1., 1960 (N. D. Geol.
Surv., Rep. Invest., no. 36, p. 12): Baae of Ratcliffe interval
at lower boundary of Midale subinterval and top at prominent gamma—
ray marker overlying lowest Madigon salt hed, Ratcliffe interval
includes (descending) bottom one-third of "Poplar beds,” "Ratcliffe
beds,"” "Midale anhydrite," and top two-thirds of "Midale beds™
where applicable.

Reclamatrion Group

Age: Pennsylvanian (Desmoinesian).

Area of extent: Eastern Wyoning, scuthwesrern South Daketa, and North
Dakota.

Lithology: Red, gray, and green limestones and shales.
Thickness: Up to 87 feet.

Relationships to other unitsa: Underlies Roundtep Group; overlies Fair-
bank Formation.

Characreristic fosazils: None.
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Economic significance: None.
Depogsitional environment: Marine.

Remarks: Type locality is Reclamation Hill, sec, 27, T, 27 H., R, 66
W,, Platte County, Wyo,

History of stratigraphic nomenclature:

Condra, G. E., Reed, E. C., and Scherer, 0. J., 1540 (Nebr. Geol. Surv.,
Bull. 134, p. 2-3, 28, and 32): Reclamation Group consists of red,
gray, and green limestones and shales. Comprises Division V of
Hartville "Formation" {Condra, G. E., and Reed, E. C., Nebr. Geol.
Surv., Pap. no. 9, 46 p.): Thickness is 72~87 feet, Underlies
Roundtop Group {new); overlies Fairbank Formation (new).

McCauley, V. T., 1956 (N. D. Geol, Soc., Williston Basin Sym., lst
Internat., Bismarck, N. D., p. 150~164): Reclamation Group is
light-colored, arglllaceous limestone interbedded with cthin, red
and green shales. Opn electric logs, Reclamation is resistant unic
overlying shales and porous sands of Fairbank and underlying more
argillaceous Roundtop CGroup. Transition zone iz frequently devel-
oped at top; contact between Reclamation and Roundtop is difficult
to pick.

Red Butte bed

Johnson, W. D., Jr., aond Xunkel, R. P., 1839 (U. §. Geol. Surv., Bull.
1076, p. 42): Red Butte bed is named for Red Butte, Lignite under-
lies Knife River, Square Butte Creek and Sweet Briar Creek.

RED RIVER FORMATION {(of BIGHORN GROUP)

Age: Middle Ordovician.

Area of extent: Manitoba, Saskatchewan, North Dakota, northern South
Dakotsa, and eastern Montana.

Lithology: Sandatone and shale} minor amounts of anhydrite in central
part of basin,

Thickness: Up to 00 feet.

Relationships to other units: Overlies Winnipeg Formation and underlies
Stony Mountain Formation. Equivalent to part of Bighorn Dolomite
found in Bighorn Mountailns, Wyoming.

Characteristic fosslls: Climacograptus typicglis crassimarginalis and
Diplograptus amplexicaulls, crinoids, brachiopods, and ostracods.
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Economtic significance: One of main hydrocarbon reservoirs of Williston
basin.

Depogitional enviromnment: Marine; cratonic bassin and shelf areag mar-
ginal to basin. :

Remarkg: Type area at quarries along shore of Lake Winnipeg, Manitoba.

History of gtratigraphic nomenclature:

Foerste, A. F., 192% (Deniszon Univ., Bull., J. Sci. Lab., v. 2%, no. 2,
p. 35, 37): Red River Formation is thick-bedded, crystalline to
fragmental limestones and dolomites, very uniform and widespread
near Lake Winnipeg. Some shale in basal unir and often sandy to
cherty in middle unit. In outcerop, is divided intoe three units
{descending): BSelkirk, limestone; Cat Head, dolomite and chert;
and Dog Head, dolomitic limestone. In subsgurface, formation has
distinctive rhree~fold agpect knowm ase Units A, B, and C. Red River
equivalents to Whitewood of Black Hills and Bighorn Dolomite of
Montana. Thickness 1is 250-1100 feet.

Kline, V. H., 1942 {Am. Assoc. Pet. Geol., v. 26, no. 3, p. 345): Red
River Formation extended into subsurface of North Dakota.

Ross, R. J., Jr., 1957 (U. S. Geol. Surv., Bull, 1021-M, p. 446-448):
Red River Formation is basal unit of Bighorn Formation; overlies
Winnipeg Formation; underlies Stony Mountain Formation, Members
not differentiated. TIs Late Ordovician in age.

Fuller, J, G. €, M., 1961 {(Am. Assoc, Pet. Geol., Bull. 45, no. 8, p.
1343-1349): Red River divided into two general lithologic units:
lower, marine, fogsiliferous limestone, variably dolomitized; and
upper evaporitic, thinly-bedded, carbonate sequence., "Transition'
beds at base {called Hecls beds) are par:t of Red River Formatiomn,
Top of Red River marks end of Middle Ordovician time,

Sandberg, C. A., 1961 (U. 5. Geol. Surv., TEI-809, p. 28): "Transi-
tion zone beds” are placed in underlying Winnipeg Formation.

Regervation bed

Leonard, A. G., Dove, L. P., and Eaton, H. N., 1925 (N. D. Geol. Surv.,
Bull, 4, p. 81, 104): Reservation bed 12 lowest coal hed of this
area and appears along southern boundary of Fort Berthold Indian
Reservation.

Riding Mountain Formatrilon

Cobban, W. A., and Reegide, J. B., Jr., 1952 (Geol. Soc., Am., Bull. 63,
no. 10, p. 1011-1043): Riding Mountain Formation (Late Cretaceous)
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is found on Pembina escarpment, Manitoba and North Dakota. Underlies
Boissevain Formation: overlies Pembina Member of Vermillion River
Formation. Includes Odanah facles.

This usage not followed by later writers.
RIERDOK FORMATION {(of ELLIS GROUP)

Age: Late Jurassic.
Area of extent: Montana, westernm North Dakota, and weastern South Daketa.
Iithology: Altermating, gray, limy shale and limestone in type area.

Thickness: Up to 180 feet in surface of Willigton basin; up to 300
feet In subsurface,

Relatlionships to other units: Disconformably underlies Swift; conform-
ably overlies Sawtooth Formation (Piper Formation), except in areas
where 1t overlaps onte older formations.

Characteristic fogsils: (adoceras muelleri, Kepplerites tychenis,
Gryphaea nebrascensig, Arctocephalites, Pachyteuthis, and other
melluscs.

Depositional environment: Shallow open marine.

Remarks: Type locality is Rierdon Guleh, sec. 23, T. 24 N., R, 9 W.,
Teton County, Montana, about 25 miles west of Choteau, Montana.
See also Ellils Group.

History of stratigraphic nomenclature:

Cobban, W. A., 1945 (Am, Assoc. Pet, Geol., Bull. 29, no. 9, p. 1277-
1281): Rierdon is group of alternating, gray, limy shales and lime-
stones overlying Sawtooth Formation (new). At type locality, con-
sists of {ascending) 20.5 feet of medium-gray limy shale containing
few, dense, gray, modular limestones; 33.5 feet of dark-medium-gray,
fissile, calcareous to almost noncalcareocus shale containing thin
beds of gray, dense, nodular limestone; 43.5 feet of medium-gray,
shale containing few, thin beds of limestone in lower part; and 39
feet of alternating 4~ to 6~inch limestone layers and thicker beds
of medium gray, limy shale. At type locality, lower part of forma-
tion is of Late Bathonian age and rest is Early Callovian, Basal
beds are younger on flanks of South arch than along Rocky Mountain
front.

! Imlay, R. W., Gardner, L. S., Rogers, C. P., Jr,, and Hadley, H. D.,
1948 (U. 5. Geol. Surv., 0il and Gas Inv. Prelim. Chart 32, 1 sheet):
In south—central Montana, overlies Piper Formation {(new).
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Peterson, J. A., 1954 (Am., Assoc., Pet. Geol., Bull. 38, no. 4, p. 466,
475-477, 482%: Swift-Rierdon nomenclature of Ellis Group in Montana
1s applied in eastern Wyoming to formatioms of Sundance Group. Names
are applicable to marine Upper Jurrassic throughout most of Wyonming
and western South Dakota, but term Sundance should be retained because
of historical use, Sectiovn of Rlerden, measured northeast of New-
castle, Wyoming, is 212 feet thick; includes {ascending) Stockade
Beaver Shale, Hulett Sandstone, znd Lak Member, Overlies Gypsum
Springs Formation; underlies Swift Formatien. In places in the
Black Hills formation includes fourth member, Canyon Springs, at
base.

s 1957 (Am. Assoc, Pet. Geol., Bull. 41, no. 3, p. 413, 417):
Although five Sundance subdivisions and names of Black Hills are
useful there, in Williston and Powder River basins more continuous
sedimentation makes nomenclature of Ellls Group more useful., Red-
water abandoned in favor of Swift; Lak, Huletr, Stockade Beaver,
and Canyon Springs retained as local members of Rierdon. Sundance
includes Rierdon and Swifr., Rierdon seas deposited three main
lithologic units in Williston basin (ascending): Rierdon "4" is
calcareous and glves good electric log "kick'"; Rierdon "B" is
shale; and Rierdon "C" 1s sandstone. Thickneas 350 feet in cen~
tral part of Wlliston basin.

Storey, T. P., 1858 (Alberta Scc. Pet. Geol., J. 6, no. &, p. 90-104):
On basis of reglonal extent and significance of sub-Swift and sub-
Rierdon unconformities of Williston basin and adjacent areas, Swift
is divided into Lower, Middle and Upper units. Lower Swift in
Williston basin 1s equivalent to Stockade Beaver and Hulett Members
of Sundance and unconformably overlies Rierdon, which has been con-
sidered equivalent to Stockade Beaver and Hulett, Rierdon corre-
sponds essentially to type Rierdon of Sweetgrass arch where it
occurs with notable unconformity, both below Middle and Upper Swift
and above Sawtooth and older Gypsum Spring beds. Lower Swift of
Williston basin 1s absent over Sweetgrass arch and over most of
western Montana, where it 1a overlapped by Swifr Formation of
Cobban (1945),

Rival subinterval

Age: Migsissippian,
Area of extent: Subsurface in Saskatchewan and North Dakeota,
Remarks: Informally named for Rival 0ilfield, Burke County, North

Dakota. See also "Midale beds,” Frobisher-Alida interval, and
Madison Formation.

History of stratigraphic nomenclature:
Anderson, S, B.,, Hansen, D. E., and Eastwood, W, D., 1960 (N. D. Gecl.
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Surv:, Rep. Invest., no. 36, p. 5): Rival asubinterval is top of
Frobﬁsherﬂéliﬁa interval and equivalent to lower part of "Midale
beds” or "Frobisher evaporite.”

ROUGHLOCK MEMBER, Siltstone (of WINNIPEG FORMATION)

Age: Middle Ordovician.
Area of extent: Western South Dakota, North Dakota,

Lithology: Very light gray, very fine-grained, calcareous sandatone
and siltstone; grades laterally into greenish gray, calcareous sghale.

Relationships to other unitg: Conformably overlies Ice Box Formation;
underlies Red River Formation.

Characteristic fossils: Conodants.
Depositional enviromment: Marine,

Remarks: Type locality is 2.4 miles north of Maurice fn Spearfish (Can-~
yon, Lawrence County, South Dakota. Agnew and Tychsen (1965) fndi-
cata 6.5(7) miles southwest(?) of Maurice. Named from Roughlock
Falls, South Dakota.

Higtory of stratigraphic nomenclature:

MeCoy, M. R., 1952 (Billings Geol. Soc., Gdbk., 3rd Ann. Field Conf.,
p. 44=48): Roughlock Siltstone consists of 25-30 feet of pale gray-
green to cream siltstone. Conformably underlies Whitewcod dolomite;
conformably overlies Ice Box Formation (new). Unit disappears by
nondepozition 10 miles gouth of Deadwood, Bouth Dakota.

Carlson, C. G., 1960 (N. D. Geol, Surv., Bull. 35, p. 59-61): Rough-
lock accepred as upper member of Winnipeg in Williston basin. Con-
sistg of 0-90 feet of very light gray, very fine-grained, calcareous
sandstone and slltstone in south-central North Dakota. Siltstone
grades latersally into greenlsh gray, calcareocus, silty shale and
greenish gray, calcareocus shale to north and northeast, Roughlock
becomes difficult to trace in northernm part of state. Interval
referred to as "Winnipeg transition zone" is included in Roeughlock
member. Is probably Trentonlan in age. -

Roundtop Group

Age: Penngylvanian (Deamoinesian}.

Area of extent: Wyoming, southwestern South Dakeota, and North Dakota.

Lithology: Shale, mudstone, and thin limestone.
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Thickness: Up to 149 feet,

Relationships to other units: Underlies Hayden Group; overlies Reclama-—
tion Group.

Econonmic significance: 011 productive.
Deposlitional environment: Marine.

Remarks: Type locality is Roundtop Mountain, sec. 22, T. 27 N., R. 66
W., Platte County, Wya.

History of stratigraphic nomenclature:

Condra, G. E., Reed, E, C., and Scherer, 0. J., 1940 (Nebr. Geol. Surv.,
Bull. 134, p. 2-3, 33-34, and 44): Roundtop Group consists moatly of
shale, mudstone, and red, green, and gray thin limesteone. Comprises
Division IV of Hartville "Formation" {Condra, G. E., and Reed, E. C.,
1935, Nebr. Geol. Surv., Pap. no. 2, 46 p.)}. Thickness 1s 149 feet,
Underlies Hayden Group (new): overlies Reclamarion Group {(new).

McCauley, V., T., 1956 (N. D. Geol, Soc., Williston Basin Sym., lst Inter-
nat., Bilsmarck, N. D., p. 150-164): Roundtop Group consists of red,

green, and brown, waxy to subwaxy, shales; interbedded with very thin
beds of dolomite. Dolomitic content increasmes toward top of group.

"Sanish sandstone”

Age: Late Devonian.

Area of extent: In and around Antelope Field in northeastern McKenzie
County, North Dakota.

Lithology: Brown, delomitic, slightly argillacegus, allty, friahle
sandstone.

Thickness: Up teo 15 feet,

Relarionships to other units: Uppermost unit of Three Forks Formation;
overlain by Bakken Formation.

Characteristic fossils: Hone.
Economic significance: 011 productive.

Depositional environment: Shallow marine,

Remarka: Local term; not formally introduced in literature.
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SASKATCHEWAN GROUP

Age: Late Devonian.

Area of extent: Subsurface in Saskatchewan, Manitoba, Montana, North
Dakota and South Dakota.

Lithology: Dolomite, anhydrite, limestone, and shale.
Thickness: Up to 7350 feet.

Relationships to other units: Overlies Souris River Formation of Beaver-
hill Lake Group or overlies Manitoba Group; underlies Qu'Appelle
Group. Divided into two units {ascending): Duperow and Nisku (Bird-
bear) Formations.

Characteristic fossile: None.
Feonomic significance: 0il preductive.
Depositional enviromment: Marine.

Remarks: Mamed after Saskatchewan, Canada. See alsoc Duperow and Bird-
bear Formatlons.

History of stratigraphic nomenclature:

Baille, A, D., 1933 (Manit. Dep. Mines Nzt. Resour,, Mines Br. Pub. 52-5,
p. 30-32): Saskatchewan Group consists of a thick series of strata
directly overlying Sourls River Formation of Beaverhill Lake Group
and underlying carbonate~clastic-evaporite units of Qu'Appelle Group,
Predominant lithologies are dolomite, anhydrite, limestone, and sghale,.
Divided into two units {ascending): Duperow and Nisku (Birdbear).

. 18955 {Am, Aswmoc., Pet. Geol., Bull., 38, no. 5, p. 603): Per~
sistent argillaceous bed occurs legs than 150 feer below top of
Saskatchewan Group. Bed is 10-30 feet thick, and consists of red
and green dolomitic shale, slightly silty in places and arglllaceocus
limestone; 1s easily recognized by lithologic or mechanical logs and
is perhaps mest reliable marker bed of group.

Agnew, A. F., and Tychsen, P. C., 1965 (5. D. Geol. Surv., Bull. 14, p.

163): Saskatchewan Group represents same interval as Jefferson
Group of South Dakota.

Satterlund~Kugler bed

Leonard, A, G., Dove, L. P., and Eaton, H. ¥., 1925 (N. D. Geol., Suzv.,
Bull. 4, p. 119): Satterlund-Kugler bed is lignite bed mined about
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5 miles west of Washburn., Bed is B-11 feet thick and 1s nsmed for
mines &f area,

See also Falrman bed.

Saude member, formation

Age: Triassic(?)
Area of extent: North Dakota and western Montana,

Lithology: Reddish-orange siltstone and very fime-grained sandstone
with medium~ to coarse-grained sandstone interbeds.

Thickness: Up te 350 feet.

Relaticnships to other units: Conformably overlies Pine Salt and con-
formably underlies Dunham Salt or disconformably underlies Piper or
Gypsum Spring Formation. Eguivalent to Watrous "red-beds” of Canada.

Characteristic fossils: None,

Economic significance: HNone,

Depositional environment: Littoral to restricted marine.

Remarks: See also Dunham Salt, Pine Salt, and Spearfish Formatdon.

Hisrory of stratigraphic nomenclature:

Zieglar, D. L., 1935 (N. D. Geol. Soc., South Dakota Black Hills Field
Conf., Gdbk., p. 52): Saude 1s reddish-orange siltstone and fine-
grained sandstone with medium- to coarse-~grained sandstone Interbeds.
Anhydrite present as inclusions in finer-grailned matrixi nearly
spherical, frosted quartz grains are common. Saude conformably
overlies Pine Salt and conformably underlies Dunham Salt. Where
Pine Salf absent, Saude rests unconformably on Permian(?) to
Devonian rocks.

Dow, W. G., 1964 (3rd Williston Basin Sym., Conrad Pub. Co., Bismarck,
p. 127-131): Saude Formation considered to be member of Spearfish
Formation; 1ls stratigraphically equivalent to lower two units of
Watrous Formation of Baskatchewan, and upper evaporite unit of
Watrous 1 correlative with lower member of Piper Formationi there-
fore, Triassic-Jurassic time boundary may lie within upper part of
Saude in northern North Dakota. Majority of Saude in North Dakota
ig Triassic.
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Scallion subinterval

Heck, T., 1978 (Mont. Geol. Soc., Williston Basin Sym., 24th Ann., Field
Conf., p. 196-197): Scallion subinterval is equivalent to lower
Bottineau interval and consists of sediments of normal marine circu-
lation. Five major facies developed: 1) dark gray te black, irre-
gularly laminated, crinoidal, mudstone~wackestone {central basin),
2) medium to light gray, argillacecus, crinoid, brachiopod, wacke-
stone to packstone {(basin slope), 3) light colored, cherty, skeletal
wackestone to packstone {(open shelf), 4) crincidal mudstone (at or
near shelf break) and 5) gray shale (restricted envircument shore~
ward). Is Kinderhookian in age.

S8chaffner bed {(of GULDEN VALLEY FORMATION)

Benson, W. E. B., 1852 (U. S. Geol. Surv., Open-file Rep., p. 253):
Schaffner bed named for exposures near Schaffner Creek is coal
occurring about 30 feet above Alamo Bluff bed. Is in upper member
of Golden Valley Formation,

Schefield member (of BRULE FORMATION)

Stone, W. J., 1973 (Stratigraphy and sedimentary history of Middle Ceno~
zoic (Oligocene and Miocene) deposits in North Dakota: Ph.D. dissert.,
Imiv. ¥. D., p. 73): Schefield Member is 25-77 feet of gilty clay-
stone and clay that forms vertical cliff-forming strata of uppermost
part of Brule Formation in Borth Dakota. Lies above Dickinson Mem—
ber of Brule and below Killdeer Formation., Containg calcarecus
concretions. Age is late QOrellan through Whitneyan.

Schoolhouse bed

Benson, W, E., B., 1952 (U, S. Geol. Surv., Open-file Rep., p., 251):
Schoolhouse bed named for exposure in small wmine near rural school
ia scuthern part of sec. 27, T. 142 N., R. 89 W.; is 45-100 feet
above Beulah-Zap bed.

Johngon, W. D., Jr., and Kunkel, R. P., 1959 (U. S, Geol. Surv., Bull,
1676, p. 43): Schoolhouse bed 1s 30-45 feet above Beulah-Zap bed
in Square Butte area,

""Second red' bed" !

Age: Middle Devonian.
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See Dlawson Bay Formation.
Second white specks zone
See Greenhorn Forpation.
Sentinel Butte coal group

Leonard, A. G., 1908 (N. D. Geol. Surv., 5th Blenn. Rep., p. 90~96):
Sentinel Butte coal group is highest coal group i reglon and three
af the beds are in Sentinel Butte Formation. Containg beds Q-U.
Beds Q-8 occur at Bullion Butte.

See also HT Butte lignite.
Sentinel Butte coal group

See Sentinel Butte Formation.
SENTINEL BUTTE FORMATION

Age: Late Paleocene,
Area of extent: North Dakota, Montana, and Wyoming.

Lithology: Dark-colored somber shales and interbedded lignites and
coal beds; few local lenticular sandstomes and yellowish, silty
beda, some of which are baked from burning lignite, forming red
clinker beds.

Thickness: Up to 660 faet.

Relationships to other units: Conformably overlies Tongue River Mem-
ber of Fort Union Formation; conformebly underlies Golden Valley
Formation and is sometimes unconformably overlain by White River
Formation 1n part of western North Dakota.

Characteristic fossils: Fresh-water mglluscs, and plant remalns
including petrified wood.

Economic significance: Possible uranium potential, lignite.

Depositional enviromment: Alluvial plain.
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Type section: Sentinel Butte; top of butte is in west-central sec. 8,
T. 139 N., R. 104 W., Golden Valley County, North Dakota.

History of stratigraphic nomenclature:

Leonard, A. G., 1908 (N, D. Geol. Surv,, 5th Bienn. Rep., p. 105~113):
Sentinel Butte Coal group of southwestern North Dakota is in upper
part of Fort Union Formation and includes coals Q, R, §, T, and V.
Underlying Beaver Creek coal group included coala K, O, and P.

Thom, W. T., Jr., and Dobbin, C. E., 1924 (Gecl. Soc, Am., Bull. 35, p.
484, 495-497): Sentinel Butte Shale Mewber of Fort Union(?) Forma-
tion 1s typically developed at Sentinel Butte (8illings County, North
Dakota). Consists of dark clay shales resembling Hell Creek Member of
lLance Formation and Lebo Shale Member of Fort Union Fermation, Over-
lies Tongue River Member of Fort Union Formation and underlies Ulm
coal group of Wagatch Formation., Ig essentlally eguivalent to
intermediate coal group of northern Wyoming and slso Reland Coal bed.

Hares, C. J., 1928 (U. S. Geol. Surv,, Bull. 775, 110 p.}: Sentinel
Butte Member of Fort Union(?) Formation 1s 325 feet thick im Mar-
marth field of southwestern, North Dakota., Congilsts of dark, somber,
sandy shale, gray sandstone, and lignite interbedded. Overlies
Tongue River and unconformably underlies White River(?) Formation.
Bullion Creek lignite bed lies near top of HT Lignite bed at base.

Benson, W. E., and Laird, W. M., 1947 {Geol. Soc., Am., Bull. 58, no.
12, pt. 2, p. 1166-1167): Golden Valley Formation (new) overlies
Sentinel Butte Shale Memher of Fort Union Formation now consldered
to be of Paleocene age.

Brown, R. W., 1948 (Am. Assoc. Pet. Geol., Bull. 32, no. 7, p. 1265-
1274): Sentinel Butte Shale 1s, as originally described and
asgigned, dark sequence of strata in upper part of Fort Union
Formation {Paleocene)},

Beroni, E. P., and Baver, H, L., Jr., 1952 (U, S. Atomic Energy Commis.,
TEL Rep, 124, p. 14~16}: In Golden Valley County, North Dakota,
Sentinel Butte contains 15 feet of uraniferous lignite bed named
Boullion Butte bed., 1In southwestern North Dakeota, member is 300~
500 feet thick and 1s conformable with both underlying Tongue River
Member and overlying rocks tentatively ddentified ag Golden Valley

i {?) Formation,

Figher, S. P,, 1853 (N. D. Geol. Surv,, Rep. Imvest. 11, 2 pl.): Sen-
tinel Butte consldered facles of Tongue River in central McKengie
County. '

May, P. R., 1954 (U. 8. Geol. Surv., Bull, 995-G, p. 267-268): About
200 feer of Sentinel Butte Shale, uppermost member of Fort Uniom,
is expomed at top of Blue Mountailn in northern Wibaux area, Montana
and North Dakeota. Composed of gray and brown sandstone and shale

i and thin lignite beds. Overlies Tongue River Member, Is Paleocene
in age.
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Hanson, B. M., 1855 (N. D. Geol. Surv., Rep. Invest. 18, 1 pl.): Sen-
tinel Butte reallocated to member of Tongue River Formation. In
Elkhorn ranch area of Billings and Gelden Valley Countiles, only
lower 250 feet present. Contact of Sentinel Butte and underlying
part of Tongua River Formation is locally picked at base of most
persistent and prominent clinker bed or on basis of characteristic
lithologies—-Tongue River light~tan to gray sand and clay and Sen-
tinel Butte of brown sand and clay.

SKULL CREEK SHALE (of DAKOTA GROUP)

Age: GHBarly Cretacecus,

Area of extent: Southeastern Montana, southwestern North Dakota, west-
ern South Dakota, and northeastern Wyoming.,

Litholegy: Dark gray-black to black, fissile, flaky to splintery shale.
Often sllty at top of sectieon.

Thickness: Up to 300 feet,

Relationships to other units: Disconformably underlain by Fall River
Sandstone. Presumably disconformable with overlying Newcastle
(Muddy) Sandstone., Equivalent to part of Thermopolis Shale of
Big Horn basin, Wyoming and south-central Montana.

Characteristic fessils: Inoceramus bellevuensis.

Feonomic significance: None,
Depositional environment: VWidespread, shaliow, stable marine.

Remarks: Type locality slong Skull Creek, socuthsast of Osage, Weston
County, Wyoming.

History of stratigraphic nomenclature:

Collier, A, J., 1922 {U. §. Geol., Surv., Bull. 738, p. 79): 8kull Creek
Shale is basal member of Graneros Shale in Osage oll fieid, Weston
County, Wyoming. Is dark bluish-gray shale, about 200 feet thick
with few calcarecus concretions and some siliceous shale near base.
Contains few fosslls. Is called Thermopslis Shale by drillers but
represents only basal part of true Thermopelis Shale. Ig wellw-
exposed along Skull Creek southeast of Osage; lies between Dakota
Sandstone below and Newcastle Sandgtone above.

Gries, J, P., 1952 (Billings Geol. Socc., Gdbk., 3rd Ann. Field Conf.,
p. 76)1 Contact with underlying Fall River ig usually sharp, but
top 1z difficult toe locate where lower sands of Newcastle Formation
are not well developed. Microfossils indicate early Cretacecus age.
Is equivalent to lower parxrt of Thermopolis Shale of Wyoming.
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Gries, J. P., 1954 {am. Assoc. Pet. Gecl., Bull, 38, no. 4, p. 446-449):
Dakota not used in Black Hills but applied to thick sandstone sequence
in central South Dakota where it was termed "true Dakota" and where it
overlies Skull (resk Shale, ''True Dakota" 1s age equivalent of
Newcastle-Mowry interval, and what Is called Dakota in Williston
basin to neorth is actually Fall River Sandstone.

Pettyjohn, J. A., 1960 (8. D. Acad. Sci., Proc., v. 38, p. 34-38):
Dakota Group te be used to include Lakota, Fuson, Fall River,
Skull Creek and Newcastle Formations.

SLOPE FORMATION {of FORT UNION GROUP)

Clayton, L. et al., 1877 (N. D. Geol. Surv,, Rept. Invest. 59, p. 7-9):
Slope Formation consigts of alternative beds of clay, silt, sand,
and lignite, Named for Slope County, North Dakota, and type section
is south-facing exposure in NWi sec. 15 and SWj sec. 10, R. 105 N.,
R. 135 ¥W., Slope County, North Dakota. Uverlies Cannonball Forma-
tion in central North Dakeota and Ludlow Formation in western North
Dakota; is unconformably overlain by Bullion Creek Formation {(new).
Is 20~90 metres thick. JIg Paleocene in age and consists of strata
considered by others to be upper part of Ludlow Formation or part
of Tongue River Formation.

SOURLS RIVER FORMATIGN

Age:r Late Devonian.
Araa of extent: Williston basin.

Lithology: Interbedded dolomite, limestone and minor anhydrite, Gray,
gresn and red shale and argillaceous dolomite, often referred to as
"rirat red bed," make up base; this unit locally silty and sandy and
is 30 feet thick or mora.

Thickness: Up to 40 feet in northeastern Montana and northwestern North
Dakots.

Relationships to other units: Conformably underlies Duperow Formation
and conformably overlles Dawson Bay Formation, except near basin mare
gins where disconformable on Dawson Bay or slder formatigng, Upper
part of Scuris River is correlative to Maywood Fermation in western
Mountana. Souris River is equivalent to part of Beaverhill Lake Forw
mation in Alberta and Saskatchewan and possibly to unnamed upper part
of Manitoba Group.

Characteristic fosajila: Algae, ostracods.
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Economic significance: 011 productive.
Depositional environment: Marine.

Remarks: Proposed standard subsurface section is interval 10,743~
11,032 feet 4in Mobil #1 Birdbear oil test, SESW sec. 22, T. 149 N,,
R. 51 W., Dunn County, N. D,

Type section: 5912-6160 footr interval in California Co. No. 1 Blanche
Thompson, sec, 31, T. 160 ¥., R. 81 ¥W., Bottineau County, North
Dakota.

History of stratigraphic nomenclature:

Laird, W. M., 1833 {Interstate 0il Compact, Quart, Bull., v, 12, no. 2,
p. 74): Beaverhill Lake Group has been divided into two formations
{(ascending) Dawson Bay and Souris River. Souris River Formation is
new term for part of Devenian known only in subsurface of north-
central North Dakota and adiacent parts of Saskatchewan and Manitoba.
Overlies Dawson Bay; underlies Duperow Formation.

Towse, D., 18533 (N. D. Geol, Surv., Rep. Invest. 1Z, 1 sheet): Devonian
"C" of earlier North Dakota Geological Survey reports is equivalent
to Souris River Formation or "Beaverhill Lake equivalent' of this

report.

North Dakota Geological Soclety, 1954 {Stratigraphy of the Williston
Basin: Conrad Pub., Bismarck, p. 1l4): Base of Souris River Forma-
tion is persistent ghale or argillaceocus dolomite marker (first red
bed), Lithology of rest of shale is dull-gray to buff, argillaceous
dolomite with interbedded, greenish-gray, delomltic shale.

Sandberg, C. A., and Hammond, C. R., 1958 (Am. Assoc. Pet, Geol., Bull,
42, p. 2310-2311): Report of Williston Baain Correlation Committee
not published; Souris River Formation not formerly proposed or ade~
quately described. Proposed atandard subsurface section be interval
10,743-11,052 feet in Mobil #1 Birdbear oil test, SESW gec. 22, T.
149 N., R. 91 W., Dunn County, North Dakota (adopted by North Dakota
Geological Society, 1961, Stratigraphy of Williston Basin Devonlan
Syvatem: Conrad Pub., Bismarck, p. 21}, Consists of thin, {inter~
bedded gray, greenish-gray, and brownmigh-gray, argillaceous dolo-
mite, argillaceous limestone, shale, siltstone, and anhydrite., Is
Late Devenian in age.

South Heart member {of CHADRON FORMATION)

Stone, W. J., 1973 (Stratigraphy and sedimentary history of Middle
Cenczoic {(Oligocene and Miocene) deposits in North Dakota: Ph.D,
digsert,, Univ, N. ., p. 35-58): South Heart member is uppermost
member of Chadron Formation; conformably overlies Chalky Buttes
Member and conformably underlies Brule Formation, Conaists of
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South Ross clay bed

See Golden Valley Formation

Spear bed (of SENTINEL BUTTE FORMATION)
Benson, W. E. B., 1952 (U. 8. Geol. Surv., Open~file Rep., p. 252):
Spear bed occurs about 60 feet below Beulah-Zap bed. Named for

exposures at Spear Ranch in northeast corner of sec. 12, T. 143 N,,
3 Ru 89 %Jn

SPEARFISH FORMATTION

Age: Permian~Triassic(?).

Area of extent: Western South Dakota, western North Dakota, eastern
Montansa, eastern Wyoming, and northwestern Nebraska.

Lithology: Red shale, siltstone, and sandstone with inrerbedded salt
and gypsum, and minor carbonate.

Thickness: 350-300 feet at type locality; up to 1,000 feet in North
Dakota. :

Relationships to other units: Overlain by Piper Formation; underlain
by Minnekahta Limestone {(Permian) but onlaps rocks as old as Mig-
sissippian in Montana and North Daketa.

Charactericstic fosgils: HNone.

Economlc significance: 01l productive,

Depositional envircomment: Littoral marine to restricted marine,

Remarks: Type locality in Black Hills; named for Spearfish, Lawrence
County, Souch Dakota. See also Pine Salt and Saude Formation,

History of stratigraphic nomenclature:

Dartom, N. H., 1899 (Geol. Soc. Am., Bull, 10, p. 387): Triassic Spear—
fish Formation (red beds) unconformably underlies Sundance Formation
in Black Hills.

Darton,N, H., 1901 (U. 8. Geol. Surv., 2Zlst Ann. Rep., pt. 4, p., 516):
Spearfish Formation consists of red, sandy clay or shale with gypsum
beds up to 30 feet thick. Thickness is 350-500 feet at type locality
in Black Hills. Overlies Minnekahta limestone and unconformably
underlies Sundance Formation.
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Imlay, R. W., 1547 (am. Assoc. Pet. Geol., Bull. 31, no. 2, p. 235, 237-
240): Spearfish Formation extended into Black Hills area; unconform-
ably underlies Gypsum Spring Formation. Gypsiferous facles of Gypsum
Spring was included by Darton at top of Spearfish, contalns marine
Jurassiec fossils and interfingers laterally with dolomite and lime-
stone containing marine fosgsils.

Gries, J. P., 1852 (Billings Geol. Soc., Gdbk., 3rd Ann. Field Conf.,
p. 73): Spearfish red beds extend eastward to Missouri River to
subsurface where they pinch out. Bast of Black Hills, Spearfish
is 350 feet thick, thickens to north and west:; 1,000 feet thick in
North Dakota. Stratigraphic correlation with Wyoming strata indi~
cates Spearfish 1s Permo-Triassic in age but no fosslls recovered.

Reed, E. C., 1955 (N, D. Gecl. Soc., Gdbk., Black Hills Field Conf.,
p. 46): Lower Spearfish in Black Hills is equivalent to middle
and upper Phosphoria, and 1s Permian, not Triassic in age. No
concrete evidence to divide Spearfish inte Triasaic and Permian.

Zieglar, D, L., 1955 {N. D, Geol., Soc., South Dakota Black Hills Field
Conf., Gdbk., p. 53, 54): "Red-bed" sequence between top of Minne-
kahta and base of Piper is divided into (ascending): 1) Triassic
Spearfish (Spearfish by this ussge limited to western one~third of
state), 2} Pine Salt, 3) Jurassilc Saude, and 4) Dunham Salt.

Mapel, W. J., and Bergendahl, M. H., 1956 (Am, Assoc. Pet. Geol., Bull.
40, no. 1, p. 88, 90-33): 1In Black Hills, Gypsum Spring rests with
sharp uodulating contact on sequence of red claystone, siltstone,
and sandstone assigned to Spearfish Formation. Ig 30-50 feet thick.
Age 1s Triassic,

Anderson, 5. B., and Hansen, D, E., 1557 (N. D. Geol., Surv., Rep. Invest.
28, 2 sheets): GSpearfish Formation of North Dakota contains two salts
(descending): 1) Triassic "A" Salt, up to 142 feet thick, and 2)
Triassic "B" Salt, up to 199 feet thick, Spearfish "A" salt thins
over Nesson anticline,

Dow, W. G., 1964 (3rd Williston Basin Sym., Conrad Pub,, Bismarck, p.
127-131): Spearfish Formation of Williston basin divided into
three members {(ascending): 1) lower shale unit, 2} Pine Salt Member,
and 3) Saude Membar. Lower shale unit ia Permian in age; Pine Salt
grades laterally imto anhydrites and shales of lower Spearfish and
is considered to be Permian in age. Sauvde Member is stratigraphically
equlvalent to lower two units of Watrous Formatlon of Saskatchewan,
and upper evaporite unit of Watrous 13 correlative with lower member
of Piper Formation; therefore, Triassic-Jurassic time boundary may be
within upper part of Saude in northern North Dakota. Majority of
Saude is primarily Triassilc i{n age. Spearfish overlain by Piper
Formation {Jurassic).

Dow, W. G., 1%67 (N. D, Geol, Surv,, Bull. 32, p. 6-8): Restricted
Spearfish of Zieglar (1953) named Belfield Member. Consists of
fisgile gray shale interbedded with reddish orange siltstone and




176

mudstone, few anhydrite and dolomite beds present. Conformably
overlies Minnekahta but does pot extend beyond the limits of
Minnekahta; conformably underlies Pine Salt or Saude Members of
Spearfish,

Spring Valley-Richter lignite zone {of SENTINEL BUTTE FORMATION)

Barclay, C. 8. V., 1974 (U. S. Geol. Surv., Coal Invest., Map C-67, 13
P:» 2 pl.): Zone of locally thick and persistent lignite beds in
Glen Ullin and Dengate Quadrangles named Spring Valley-Richter lig-
nite zone. HNamed from Spring Valley and Richter Mines., Spring
Valley and Richter beds are at least partly equivalent.

Stanton bed {of SENTINEL BUTTE FORMATION)

Benson, W. E. B., 1952 (U, S. Geol. Surv., Open~file Rep., p. 256):
Stanton bed is named for exposures of ceoal 4-6 milles south of
Stanton. May be equivalent to Garrison Creek bed of Andrews,
1939 (U. S. Geol. Surv., Bull. 9068, p. 43-84),

Star bed (of SENTINEL BUTTE FORMATION)

Benson, W. E. B,, 1952 (U, S. Geol. Surv., Open-file Rep., p. 255):
Star bed 1s poorly exposed bed 25-40 feet above Hazen B bed and
75-95 feet below Beulah~Zap bed. Named for Dakota Star Mine where
it is 10 feet thick. Equivalent to Stanton bed.

STONEWALL FOBMATION, LIMESTONE

Age: Silurlan and Ordoviclan.

Area of extent: Maniteba, North Dakota, South Dakota, and Montana.
Lithology: Anhydrite at base, overlain by finely crvetalline lime-
stone, overlain by anhydrite and finely crystalline, dolomitic

limegtone.

Thickness: Up to 50 feet,

Relationships to other units: Conformably overlies Stony Mountain For-
mation; underlies Ashern Shale,

Characteristic fossils: Kochoceras and Antiplectoceras. HNone found in
Nerth Dakota.
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Economlc significance: None.
Depositional environment: Marine; occasionally restricted.
Remarks: Hamed for quarry near Stomewall, Manitoba,

History of stratigraphic nomenclature:

Kindle, E. M., 1914 (Can. Geol. Surv., Summ. Rep. 1912, p, 247-261):
Stonewall formation includes all beds of Silurian age exposed in
Manitoba.

Baille, &. D., 1931 (Man., Dept., Mines Nat. Res., Mines Br., Pub, 50-1),
P. £}: Replaced originally defined Stonewall Formation with term
"Interlake Group"; Stonewall restricted to lowest formation of group.
Stonewall overlain by series of units, B. C, D, and E (ascending), ‘
for which naming is deferred until units can be established in sub~
surface. Consists of arenaceous shale and dolostone above, and
yellowish-gray, finely crystalline dolostone with salt crystals
below, Thickness is 40-50 feet. Overlies Stony Mountain Forma-
tion; underlies Ashern Shale. Fauna assigned to Silurian, although
several Late Ordoviclan foasils present.

Stearn, C. W., 1953 (Geol. Soc. Am,, Bull, 64, p. 1477-1478): Stone-
wall fauna is Late Ordovician in age and should be removed from
Interlake Group.

Andrichuk, J, M., 1959 {Am. Assoc. Pet, Geol., Bull. 43, no. 10, p.
2381): Stonewall retained as basal unit of Interlake Group as
significant lithologic break occurs at base of Stonewall. Usage,
therefore, returned to Ballle's (1951) definition.

Carlson, C. 6., and Bastwood, W. P., 1962 {N. D. Cecl. Surv., Bull. 38,
p. 8-10}): Stonewall in North Dakota consists of basal anhydrite
pverlain by finely-crystalline dolomitic limestone, Toward margins
of basin, anhydrites pinch out and entire section becomes dolomiric.
No fossils noted in Stonewall from cuttings in NVorth Dakota.
Ordovician-8ilurian boundary tentatively placed with Stonewall
Formation in North Dakota.

STONY MOUNTAIN FORMATION (of BIG HORN GROUP)
Age: Late Ordovician.

Area of extent: Manitoba, Saskatchewan, North Dakota, eastern Montana,
and northern South Dakota.

Lithology: Upper part is gray to buff to tan, finely crystalline dolo-~
mite and dolomitic, fossiliferous limestone; thin anhydrite beds may
be present in central part of basin (Gunton Member) and lower part
is mediun-dark gray, fossiliferous limestone interbedded with dark
gray calcareous, fossiliferous shale (Stoughton Member).
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Thickness: Up to 200 feet,

Relationships to other units: Conformably overlies Red River Fornation
and is conformably overlain by Interlake Group except around margins
of Williston basin,

Characteristic fossils: Brachiopods, bryozoans, crinoids, and grapto~-
lites (Nematograptus gracilis, Diplograptus amplexicaulis, and
Climacograptus typicalis crassimarginalis).

Economic significance: Gunton Member produces oll along Cedar Creek
anticline.

Bepositional enviromment:; Marine cratonic basin and on shelf areas mar-—
ginal to basin,

Remarks: Type area 1s Stony Mountain area, Manitoba.

History of stratigraphic nomenclature:

Dowling, D. B., 1901 (Can. Geol. Surv., Ann. Rep., new ser,, v. 11, p.
46F-53F): Stony Mountaln Formation divided into three members at
outcrop (descending): 1) Gunton dolomite, shale, and sand; 2)
Penitentilary dolomite; and 3) Stony Mountain Shale. In subsurface,
Stony Mountain is shale or shaley limestone with dark-brown to bhlack
fossil fragments. Exact age of Gunton not established; may represent
transition from Ordovician to Silurian. Fauna from wells in eastern
Montana is similar to that of Magquoketa Formation of Iowa. Thickness
is 25-200 feet.

Miller, A, K,, 1930 {Am. J. Sci., 5th ser., v, 20, p. 211): Stony
Mountain Formation of Maniroba equivalent to upper part of Bighorn
Dolomite of Richmond age.

i{}*in&, Ve Eog }.942 {Amg Assoc. Pet. Geﬁl., Bu}-}-o 26' no, 3; P 339; 36§_
361): Stony Mountain Formatlon extended into subsurface of North
Dakota.

Okuliteh, V. J., 1943 (Roy. 3oc. Can., Trans., 3rd ser., v, 37, sec. 4,
p. 39-74): Stony Mountain Formation divided iate four members
{ascending}: Stony Mountailn Shale, Penitentilary, Gunton, and Birse.

Baille, A, D., 19532 {Man. Dep. Mines Min, Res., Pub., 51-6, p. 8): BStony
Mountain Formation consists of calcareous shales, argillaceocus dolo-
stones, and dolostomes, Divided into three members {ascending):
Stony Mountain Shale, Penitentiary, and Gunton. Guanton Member
includes Birse Member of V. J. Okulitch (1543).

Ross, R. J., Jr., 1957 (U. 5. Geol. Surv.,, Bull. 1021-M, p. 447): 1In
Williston basin, Stony Mountain Formation consists of two units:
1} lower shale, commonly called Stony Mountain Shale by oll geo-
logists; and 2) upper dolomite. Upper unit includes Penitentiary
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(below) and Gunton Member of A. D. Ballle (1952) and restricted
Stonewall Formation of C. W. Stearn (1953, Geol. Soc. Am., Bull.
84, p. 1477-1478). Overlies Red River Formation,

Sinclair, G. W., and Leith, E. 1., 1958 (J. Paleon., v. 32, p. 243-244):
Gunn Member proposed for lower member (formerly Stony Mountain Shale)
of Stony Mountain Formation to abide by Stratigraphic Code (art. 1§,
d), which states same name should mot be applied to whole unit and
part of same unit.

Porter, J. W., and Fuller, J. G. C. M., 1559 {Am. Assoc. Pet. Geol.,
Bull. 43, p. 131): Stony Mountain Formation divided into two units
in subsurface (ascending): lower or Stony Mountain Shale Member and
upper or Gunton Member. Lower member equivalent to Sinclair and
Leith's (1958) Gunn and Penitentiary Members of outcrop section.
Gunton Member equivalent te Gunton Member of outcrop section.

Saskatchewan Geologleal Soclety, 1958 (Rep. of the Lower Paleozoic
Names and Correlations Committee: Sesk. Geol. Soc., Regina, Sask.):
Stony Mountain Formation divided into two uniis ascending};
Stoughton beds (for lower or Stony Mountain Shale Member) and
Gunton Member {upper).

Fuller, J. G. €. M., 1961 {Am. Assoc. Pet. Geol., Bull. 453, p. 1334~
1365): Stony Mountain Formation of Williston basin consists of
lower shale member, 75 feet of dark-gray to brown shelly, argll-
laceous limegtone with few Interbedded calcareous shale beds; and
upper dolomitic fossiliferous, fragmental limestone (Gunton beds).
Is overlain by Stonewall Limestone.

Carlson, C. G., and Bastwood, W. P., 1962 (N. D. Geol. Surv., Bull. 38,
p. 5-8): Stoughton Member consists of medium dark-gray fossiliferous
limestone interbedded with dark-gray, calcareous, fossiliferous shale;
Gunton Member consists of brownish-gray to yellowish-brown, finely
crystalline, limy dolomite and dolomitic, fossiliferous limestone
with anhydrite bed in northweatern North Dakota. Stony Mountain
Formation 1s 115-180 feet thick.

STOUGHTON MEMBER, BEDS (of STONY MOUNTAIN FORMATION}

Age: Late Ordovicilan,
Area of extent: Manltoba, Saskatchewan, and northern North Dakota,

Lithelogy: In central part of Williston basin consists of gray, calcar-
eous, fossilifercus shale interbedded with gray, fossiliferous line-
stone. In pagstern and southern North Dakota, limestone ls more
arglllaceous and shale varles between green—gray and purpla.

Thickness: Up to 110 feet.




180

Relationship to other units: Conformably underlies Gunton Member and
overlies Red River Formation. Equivalent to Stony Mountain Shale
Member,

Characteristic foasils: Brachiopods, bryozoans, and crincids.
Economic significance: ©11 productive.
Depositional environment: Marine c¢ratonle basin and shelf.

Remartks: Standard reference section is interval of 7,768-7,816 feet in
Imperial Canadian Superior Stoughton Ne. 3-27, Lsd. 3, sec., 27, T.
8, R, 8 W., 2nd mer. Saskatchewan. Type locality is Stony Mountain
area, Manitoba. See also Stony Mountain Formation,

History of astratigraphic nomenclatyre:

Sagkatchewan Geological Socilety, 1958 (Rep. of the Lower Paleozoilc Names
and Correlations Committee: Regina, Sask., Sask. Geol. Soc., p. 8):
Twe facles included in Stoughton beds are: 1) dark-gray calcareocus
shale and highly fossilifercus shale and limestone sequence confined
to southwestern Menitoba, southeastern Saskatchewan, and northern
North Dakota; awmd 2) laterally equivalent dolomits or dolomitile lime-
stone elsewhere. Beyond depositional edge of argillacecus beds
{8tony Mountaln Shale)} Gunton and Stoughton sequences merge into
sequence of carbonate {undifferentiated Stony Mountain beds):
Stoughton heds reach maximum thickness (100 feet) in eastern North
Dakota. Equivalent to Stony Mountain Shale Member as defined by
Porter and Fuller (1958, Am. Assoc. Pet. Geol., Bull, 43, no. 1,

p. 124-18%) in near-cutcrop Manitoba gubsurface.

Carlson, C. G.,, and Eastwood, W. P., 1962 (M. D. Geol, Surv., Bull. 38,

p. 3 and 7}: S$Stouphton Member 1s basal unit ¢f Stony Mountain For-
mation. Underliez Gunton Member.

SUNDANCE GROUP, Formation

Age: Late Jurassic,

Area of extent: Western South Dakota, central Montana, North Dakota,
Wyoming, northwestern Nebraska, and central Colorado.

Lithology: Green ghale and red, thinly-bedded sandstones.

Thickness: Up to 600 feet.

Relationships to other units: Conformably and unconformably overlies
Gypsunm Spring Formation and conformably underlies Morrison Forma-

tion. Equivalent to Swift and Rierdon Formations of Montana,.

Characteristic fossils: Hone listed for North Dakota.
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Econemic significance: KNone.

Lepositicnal environment: Marinse.

Remarks: Type ares southeast [southwest] of Belle Fourche Quadrangle,
South Dakota, north of Sundance, Wyoming. Named from Sundance,
Wyoming, 15 miles west of South Dakota boundary, Standard refer~
ence sectlion ig 1 mile north~northeast of center of Spearfish, sec,
3, T. 6 N., R. 2 E., Lawrence County, South Daketa., See also Swift
and Rierdon Formations.

History of stratigraphic nomenclature:

Darton, N. H., 1899 {Geol. Soc, Am,, Bull, 10, p. 387-393): Sundance
Formation consigts of green shale and thinly-bedded sandstones, 60~
400 feet thick., Underlies Unkpapa Sandstome; unconformably over~
lies Spearfigh Formation ia Black Hills. Contains marine Jurassic
fosgils.,

» 1901 (u. S. Geol. Surv., 2lst Ann, Rep., pt. 4, p. 520):
Sundance Formation consists of dark drab to green shale alternat-
ing with red or buff sandstopes. Is &5 feet of mmesive red sgand-
stone at base.

» and O'Harra, C. C., 1%09 (U. S. Geol. Surv., Folio No. 164,
p. 331 Type locality of Sundance is above Sundance, Wyoming, not
southeast of Belle Fourche Quadrangle.

Imlay, R. W., 1947 {Am. Assoc. Pet. Geol,, Bull. 31, no. 2, p. 227-273):
Members of Sundance Formation in Black Hills area are (ascending):
1) Canyon Springs Sandstone Member, 2) Stockade Beaver S5hale Member,
3) Hulett Sandstone Member, 4) Lak Member and 5) Redwater Shale Menm-
ber, Thickness is 200-500 feet, (verlies Gypsum Spring; underlies
Morrison Formation. Type section named by Darton considered to be
inadequate. Standard reference section (1 mile north-northeast of
center of Spearfish, gec, 3, T. 6 N., 2 E,, Lawrence County, South
Dakota) is 327 feet thick and includes all members except Canyon
Springs. 1Is Callovian and Oxfordian in age.

Peterson, J. A., 1954 (Am. Assocc, Pet, Geol., Bull, 38, no, 4, p. 464~
500): Sundance ranked as group comprising twe formation, which are
correlated with Swifr and Rierdon Formations of Montana. Because of
historical use, term Sundance retained, and, despite correlation with
upper units of Ellig Group, Sundance Group here applies to marine
Late Jurassle rocks of Black Hills, northern Colorado, subsurface of
northwestern Nebraska, and Wyoming. Sundance Group may be expanded
to include Gypsum Spring Formation; if so, Sundance Group would
include Middle Juragsic Balocian age as well as Callovian te OUxford-
ian {Late Jurasssic).

s 1857 (Am. Assoc. Pet. Geol., Bull. 41, no. 3, p. 413): Although
five divisions of Sundance are useful in Black Hills, in Williston and
Powder River basins more continuous sedimentation makes nomenclature

) ,
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of Ellis Group more useful. Term Redwater abandoned for Siwft Forma-
tion; Lak, Hulett, Stockade Beaver, and Canyon Springs retained as
local members of Rlerdon Formatieon. Sundance includes Rierdon and
Swift Formations,

Storey, T. P., 18358 (Albta. BSoc. Pet. Geol., J., v. &, no. 4, p. 90=104);:
On basls of regional extent and significance of sub-Swifr and sub-
Rierdon unconformities of Williston basin and adjacent area, Swift
is divided into lower, middle and upper units. Lower Swift is con-
sidered to be lithologically similar to and regionally conformable
with Middle and Upper Swift, which corresponds to type Swift of
western Montana. Lower Swift of Williston basin and equivalent
Stockade Beaver and Hulett Membera of Lower Sundance in Black Hills
lie unconformably on Rierdon, and are younger than Rierdon and older
than Swift. Lak and Redwater Menmbers are equivalent to type Swift
of western Montana.

Agnew, A, F., and Tychson, P. C., 1965 (8. D. Geol., Surv., Bull. 14,
p. 178): South Dakota Geological Survey uses Sundance Group in
Black Hills for Jurassic members (except Gypsum Spring)}, including
Canyon Springs at base and Redwater at top. In central Scuth Dakota
Sundance Formation used, In Williston basin, Piper (equivalent to
Gypsum Spring), Rierdon, and Swift (equivalent tc Redwater) used as
formations of Sundance Group. Ellis Group not used.

Love, J. D., and Keefer, W. R., 1875 {U. S. Geol. Surv., Pref, Pap.

729-D, p. 17-21): Sundance congidered to be Middle to Late Juras-—
sic in age.

Swan Riwver Formation

Cobban, W. A., and Reeside, J. B., Jr., 1952 (Geol., Soc. Am., Bull. 63,
no. 10, p. 1011-1043): Swan River Formation (Early Cretaceous) is
found on Pembina escarpment, Manitoba and North Dakota. Overlain
by Ashville Formation.

This usage not followed by later writers.
SWIFT FORMATION (of ELLIS GROUP}

Age: Late Jurassic.

Area of extent: Montana, western North Dakota, western South Dakota,
and eastern Wyoming.
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Lithology: Dark-gray, non-calcareous shale overlain by fine-grained,
glauconitic sandstone,

Thicknesa: Up to 300 feat.

Relationships to other units: Unconformably overlies Rierdon and
locally older formations; conformably underlies Morrison Formation.

Characteristic fossils: Quenatedticeras, Pavloviceras, Cardloceras,
and other molluscs.

Economle significance: Gil productive.
Depositional environment: Shallow, open marine,.

Remarks: Type locality on north shore of Swift Reservoir on Birch {reek
NEY% sec. 27, T. 28 ¥N., R. 10 ¥., Ponderosa County, Montana, about 135
miles west of Dupuyer, Montana. 8See alsoc Ellis Group.

History of atratigraphic¢ nomenclature:

Cobban, W. A., 1345 (Am. Asscc. Pet. Geol., Bull., 29, no. 9, p. 1284,
1281~1286, and 1288-1289): At type locality, two members consisrs
of (ascending): 1) dark-gray, non-calcareous shale; 54.3 feet, and
2) flaggy, ripple-marked sandstone with abundant black-gray, shale
partings; B0 feet. Lithology at type locality persists aleng moun—
tain front from south boundary of Glacier Watlonal Park southeast to
Sun River. From Sun River southeast along mountain fromt, formation
becomes increasingly sandy. On South Arch, formation consilsts of
fine-grained, flagpy sandstone with pebhle horizon at base. In
Little Belt Mountains, formation is massive, fine-grained sandstone
containing prominent basal conglomerate. Thickness 135 feet at
type locality; underlies Morrison formation; overiles Rierdon For-
mation (new). In areas where Rierdon ig absent, unconformably over-
lies Bawteooth Formation.

Peterson, J. A., 1954 (Am. Assoc. Pet. Geol., Bull. 38, no. 4, p. 480~
486, 491-504): Swift~Rierdon nomenclature of Ellis Group in Montana
is applied in eastern Wyoming and western South Dakota to formational
units of Bundance Group., Names are applicable to marine Upper Juras-
slc throughout most of Wyoming and western South Dakota, but term
Sundance should be retained because of historical use. Thicknesses
in outcrop of Swift vary from 63 feet in Laramie County to 289 in
Johnson County. Overlies Rierdon Formation; underlies Morrison
Formation.

, 1957 (Am. Assoc. Pet, Geol., Bull. &1, no. 3, p. 413, 417):
Although five Sundance subdivisdions are useful in Black Hills,
in Williston and Powder River basins meore continuous sedimentation
makes nomenclature of Ellis Group more useful. Redwater abandoned
in favor of Swift; Lak, Hulett, Stockade Beaver and Canyon Springs
retained as local members of Rierdon Formation. Sundance includes
Rierdon and Swift. At type locality Swift consists of two units:
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55 feet of lower dark-gray shale and 80 feet of upper glauconite
sandstone. In Williston basin these two units are present but
lower shale is thicker (up to 400 feet)., Lower shale becomes
sandler east of basin's center.

Storey, T. P., 1958 (Alberta Soc. Pet. Geol., J. 6, no. 4, p. 90-104):
On basis of regional extent and significance of sub-Swift and sub-
Rierdon unconformities in Williston basin and adjacent areas, Swift
is divided into Lower, Middle, and Upper units. Lower Swift is
lithologically similar to and reglonally conformable with Middle
and Upper Swift that corresponds to type Swift Formation of western
Montana. Lower Swift of Williston basin and equivalent Stockade
Beaver and Hulett members of Lower Sundance in Black Hills are con-
sidered to lie unconformably on Rierdon and, therefore, are younger
than Rierdon and older than Swift of Cobban. Lak and Redwater Mem-
bers of Sundance are considered equivalent to type Swift Formation.

TAMPTCO SHALE MEMBER (of PIPER FORMATION)

Age: Middle Jurassic.
Area of extent: North Dakota, Montana, and Saskatchewan.

Lithology: Gray-green calcarecus shale, may be interbedded with red
shale and smaller amounts of limestone, gypsum, and sandstone.

Thickness: Up to 86 feet.

Relationships to other units: TUnconformably overlies Nesson Formation,
Madison Limeston on upper Mississippian through Triassic Strata.
Lithologlcally correlative with upper unnamed member of Gravelbourg
Formation; equivalent in time to lower part of Sawtooth at its type

sectilen.
Characteristic fossils: None.
Economic significance: None,

Depositional environment: Shallow marine with local restricted embay-
ments.

Type section: Interval of 3,858-3,944 feet in Gulf 011 Corp. Wo. 1
Cornwell, Center SWNE sec, 14, T. 30 N., R. 38 E., Valley County,
Montana.

History of stratigraphic nomenclature:

Nordquist, J. W., 1955 (Bi1llings Geol. Soc., 6th Ann. Field Conf.,
p. 101): Tampico Shale Member 1s lower red bed and gypsum member
of Piper Formation. Consists of 86 feet of gray-green calcareous
shale; may be interbedded with red shale and less limestone, gypsum
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and sandstone. = Sandstones well-developed in Saskatchewan; red
shales more prevalent In central and southern Montana. Maintains
uniform thickness. Underlies Firemoon Limestone Member {new) ;
overlies Nesson Formation (new).

Tavis Creek bed (of BULLION CREEK FORMATION)

Barclay, C. W. V., 1974 (U. 8. Geol. Surv., Coal Invest., Map C-67,
p- 3): Tavis Creek lignite bed is 5-11 feet thick; occurs 20-40
feet below top of Tongue River.

T-Cross lignite {of LUDLOW FORMATION)

Hares, C. J., 1928 (U. 8. Geol. Surv., Bull, 775, p. 47): T—Croas bed
is extensive and principal lignite bed in Ludlow "Lignitic" Member
of Lance, corresponding to Giannonaitti Bed of northwest South
Dakota. Has been traced from T, 20 N., R, B E., South Dakota, to
vicinity of Yule and westward to Montana; ranges from 3-8 feet
thick. At T-Cross Mine, sec. 20, T. 133 N., R, 104 W., bed is
24 feet thick. 1Is "lowest persistent lignite" of eastern Montana.

King, J. W., 1955 {8. D. Geol. Scc., Gdbk., Black Hills Figld Conf.,
ps B3): T-Cross lignite is 183 feet below top of Ludlow Formstion.

Agnew, A, F., and Tychgen, P. C., 1965 (5. D, Geol. Surv., Bull. 14,
p., 180): T~Cross lignite is equivalent to upper coal of Shadehill
lignite facles.

"Third red"
See Ashern Formation.
Tilston interval, "heds"

Age: Missdissippian.
Area of extent: Subsurface in Manitoba, Saskatchewan, and North Dakota.

Economic significance: il productive.

Remarks: Informally named for Tilston Oilfield, Manitoba. See alsc
Mission Canyon Limestone and Madison Formation.
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History of stratigraphic nomenclature:

Fuller, J. G. C. M., 1956 {Sask. Dept. Miner. Resour., Rep. 19, p. 34):
"Tilston beds" are bounded below by "Souris Valley beds' and above
by "Frobisher~Alida beds™ equivalent to part of Mission Canyon Lime-
atone., "Tilston beds" are oll productive where capped by anhydrite
in eastern portion of Saskatchewan.

} Ballard, F. V., 1963 (N. D. Geol. Surv., Bull, 40, p. 18-28): Tilston
: Interval overlies Bottineau interval and underlies Frobisher-aAlida
§ interval,

THREE FORES FORMATION, SHALE

Age: Late Pevonlan.

Area of extent: Williston basin, north and scuth-central Montansa,
Idaho, Utah, Wyoming, and possibly southern Alherts.

Lithology: 1In type section, formatlon consists of gray-brown and gray-
green shaly dolomite overlain by gray-green shale and gray-brown
limestone; overlaln by buff calcarecus sandstone.

Thickness: Up to 24D feet.

Relationships to other units: Conformably underlies Bakken or Lodgepole
; Formation, except where pre-Mississippian eroasion cuts inte formation.
. Conformably overlies Birdbear Formation. Equivalent te upper part of
\ Potlatch Formation in northwestern Montana., Probably equivalent to

! Big Valley and Stettler Yormatiomg of Alberta.

Charactreristic fosails: Rare brachiopeds.

Fconomic significance: 01l production from sandatone ("Sanish sand") at
Antelope Field in McKenzie County, North bakota,

Depositional environment: Normsl to reatricted shallow marine.

Remarks: Type "locality" 1is north side of Gallatin River at Logan,
Montapa. Named for exposures at junction of Three Forks of Misgouri
River, near Three Forks, Montana. Standard subsurface section.
Williaton basin In Montana east of 111° meridian in interval between
depths of 10,076 and 10,310 feet in Mobil Producing Co. Birdbear Well
1, center SENW sec. 22, T. 14§ N., R, 91 W., Dunn County, North
pakota. In some areas, strata becomes so calcareous that 1t is
called Three Forks Limestone,

History of stratigraphic nomenclature:

Peale, A. C., 1893 {(U. 8. Geol. Surv., Bull, 110, p. 29): Three Forks
Shale consists of (descending): 1) yellow, laminated sandstone, 25 |
feet; 2) dark, bluish-drab or black, arglllaceocus limestones,
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43 feet; 3) highly fossiliferous green, purple, and black, argil-
laceous and calcarecus shale, 70 feet; 4) grayish-brown, compact,
limestone, 15-20 feet; and 5) reddish and brownish-yellow, cal-
careous and argillaceous shales, 65 feet. Rests on Jefferson,
Limestone and underlies Madison Limestone.

Berry, G. W., 1943 (Geol. Soc. Am., Bull. 54, mo. 1, p. 14=16): Named
Peale's unit no. 1 and Sappington Sandstone; considered to be Early
Mississippilan.

Sloss, L. L., and Laird, W. M., 1946 (U. 8. Geol. Surv., 0il and Gas
Invest., PC-25): Redefined lower contact of Peale's Three Forks
to exclude units 4 and 5, which were placed in underlying Jefferson
Limestone.

Sandberg, C. A., and Hawmond, C. K., 1958 {im. Assoc. Pet. Geol., Bull.
42, no, 10, p. 2323): BSuggested that lower contact of Three Forks
as originally defined be re-established. In Williston basin, Three
Forks Formation 1s interbedded greenish-gray, grayish orsnge, and
graylsh-red, dolomitic giltstone and shale. Standard subsurface
section designated. Overlies Birdhear Formation (new): underlies
Bakken Formation,

TIMBER LAKE MEMBER (of FOX HILLS FORMATION)

Aga: Late Cretsaceous,

Area of extent: South Dakota and North Dakotse.

Lithology: ZLower part usually greenigh-yellow, medium-grained, soft or
uncemented quartz sand; upper part is thinly banded fine-grained,
orange to brown, well-cemented limonitic claystone.

Thickness: Up to 200 feet.

Relatlonships ro other unlts: Overlies Trail City Member; underlies
Iron Lightning Member. :

Characteristic fossils: Cucullaea and Sphenodiscus,

Depositional environment: Marine, lower to upper shoreface of barrier
bar envirenment.

Principal reference section: NE% SWs sec, 27, T. 15 N., R. 23 E,.,
U. 8. Geol. Surv., Lantry NE quad., Dewey County, $. D,

History of stratigraphic nomenclature:
Morgan, R. E,, and Petach, B. C., 1945 {5. D, Geol, Surv., Rep. Invest,
49, p, 15-17): Timber Lake Szndstone Member crops ocut in most of
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Dewey and Corson Countiles, South Daketa, In fresh expogures, lower
part is greeaish-yellow medium-grained, soft or uncemented quartz
sand, Upper part contains thin bands of fine-grained, orange to
brown, well-cemented, limonitic claystone. Limonitic claystone
occurs most abundantly at base of series of lens-like masses

formed by concretionary cementation of sand.

Stevenson, R. E., 1956 (8. D. Geol. Surv., Geol. Quad., Bullhead, 1:62,
500): Wame shortened to Timber Lake Member.

Waage, K. M., 1961 {Wyo. Geol. Assoc., 16th Ann. Field Conf., p. 236):
In north-central South Dakota, Timber Lake and underlying Trail City

Members are lateral facies. Timber Lake overlain conformably by
Bullhead.

Feldman, R. M., 1567 (Ph.D. Dissert., Univ. N. D., 38656 p.}: Timber Lake
Member is unconsolidated medium~ to fine-grained sandgtone becoming
crogs-bedded near top. Timber Lake represents normal marine deposi-
tion,

Waage, K, M,, 1968 (Yale Univ., Peabody Mus., Wat, Hist., Bull, 27, 175
p.): Timber Lake Member is sand lithofacies of Lower Fox Hille,
Numerous, shallow, undrainsd depressions are topographic evidence
of member. Timber Lake 1s not continuous; in western vart of type
area, member disappears by facies change; northeast from study area,
member encroaches on underlying Trail (ity Member. Contains Little
Fagle lithofacies, bicgenically-mixed clayey-zilt with several fos-
siliferous concretionary layers forming assemblage zZones Iin lowver
part of eastern two-thirds of type area; westward is Irish Creek
lithofacies, thinly-bedded silt and shale with concretions.

Frickson, J. M., 1971 {(Ph.D. Dissert., Univ. N. D., p. 25): Timber Lake
Member present in scuth-central North Dakotaj; consists of fine- to

medium-grained, poorly consolidated sandstone. May represent "spit-
barrier bar" environment of deposition,

TRAIL CITY MEMBER {of FGX HILLS FORMATION)

Age: Late Cretaceous.
Area of extent: Scuth Dakota and North Daketa.
Lithology: Light-grey-weathering clayey silt.

Thickness: Up to 145 feet,

Relationships to other units: Overlies Pierre Shale, underlies Timber
Lake Member in eastern part of Fox Hills type area and underlies
Iron Lightning Member In western part of Fox Hilla type area.
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Characteristic fessils: Molluscs.
Depositional environment: Marine, barrier bar environment,

Principal reference section: East of 8. D. Highway 63, in Bk SWy
sec. 32, T. 15 N., R. 24 E., U. S. Geol. Surv.,Parade NW quad.,
bewey County, 8. D.

Remarks: See also Little Eagle and Irish Creek lithofacies.

History of stratigraphic nomenclature:.

Morgan, R, E., and Petsch, B, C., 1945 (8. D. Geol. Surv., Rep. Invest.
49, p. 13-14): Trail City Member is lowest member of Fox Hills For-
mation, extending from Trail City on east end of Grand-Moreau Divide
southwest to St. Patrick's Butte, Just west of S, D, Highway 85.
Congists of brown or buff sandy shale, becoming more sandy toward
top. Containg 3-5, locally peraistent zones of fossiliferous con-
cretions that have cores of dense limestone and may have sandy jack-
ets that fall off when weatheted.

Waage, K. M., 1961 (Wyo. Geol. Assoc., 16th Ann. Fleld Conf., p. 236):
Trail City and Timber Lake Member are lateral facies.

Feldman, R. M., 1967 (Ph.D. Digsert.,, Univ. N. D., 366 p.): Trail Cicy
Member canneot be recognized in North Dakota.

Waage, K. M,, 1968 {Yale Univ., Peabody Mus. Nat, Hise,, Ball, 27, 175
p.): In eastern two-thirds of type area, Trall City Member is
biocgenically-mixed clayey silt with several richly fossiliferous
concretion layers forming assemblage zones in lower part (Little
Eagle lithofacies). Westward in type area, Trall City grades to
thinly-bedded siit and shale with mostly barren concretiona {Irish
Creek iithofacies. Trail City grades into Timher Lake Member.

J. M. Erickson, 1871 (Ph,D, Dissert., Univ, N. D., p. 26): Trail City
Memher found in Logan, BEmmons, and Sicux Counties, North Dakota.

Lithofacies of Trail City Member not recognizahle in south-central
North Dakota as unit 1s thin.

TONGUE RIVER MEMBER {of FORT UNION FORMATION) (a2lso FORMATION OF
FORT UNION GROUP)

Age: Paleocene,

Area of extent: North Dakota, Montana, and Wyoming.

Lithology: Yellowish to light-colored tan, massive lenses of sandstone
and alternating beds of lignite and shale.

Thickness: &00-980 feet.
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Relationships to char units: Conformably overlies Hell Creek in south-
western North Dakota and Montana; conformably underlies Sentinel
Butte Shale in southwestern North Dakota and parts of Montana and
Wyoming.

Characteristic fossils: Fresh-water molluscs, plant remains, and
petrified trees,

Economic significance: Possible uranium potential, lignite.
Depositional environment: Alluvial plain,
Remarks: Named from Tongue River, Wyoming.

History of stratigraphic nomenclature:

Taff, J. A., 1909 (U. 8. Geol. Surv., Bull, 341, p. 129-130): Coal-
bearing rocks of SBheridan coal field, Wyoming, are divided into
three coal groups (descending): 1) Ulm coal group, 2) intermediate
coal group equivalent to at least part of Sentinel Butte Shale Mem—
ber, exclusive of Roland coal, and 3) Tongue River coal group., Top
bed of Tongue River coal group is Roland coal; Tongue River includes
also Smith, Dietz, Monarch, Carney, and Masters coals. Is exposed
along Tongue River.

Thom, W. T., Jr., and Dobbin, C. B., 1524 (Geol. Boc. Am., Bull, 35,
p. 484-499): Tongue River Member of Fort Union Formation consists
of yellow or light-colored strata coutalning massive sandstones
and numerous thick coal beds. Top of member is placed beneath Bed
K of Sidney field, Bed F of Sentinel Butte field, and Reland coal
of Sheridan field., Base is place beneath light-celored, coal-
bearing rocks that characteristically form clinker-capped escarp-
ment rising above lowlands or badlands developed from Lebo Shale,
with which it intertongueg at contact., Fort Union Formation should
be restricted to lLebo Andesitic (or Shale) Member and Tongue River
Member although overlying Sentinel Butte Zhale iz considered Fort
Union by U, 8. Geological Survey. Tongue River Member well-exposed
on Tongue River between Carneyville, Wyoming, snd Brandenburg,
Montana; and along Yellowstone River between Burns, Montana, and
Buford (Fort Union}, North Dakota; and in Misgouri Valley above
Fort Clark, Nerth Dakota,

Laird, W. M., and Mitchell, R. H.,, 1942 (H. D. Geeol, Surv,, Bull. l&4,
p. 21-23): In southern Morton County, North Dakota, Tongue River
Formation of Fort Union Group is 180 feet thick. Overlies Cannon~
ball Formation. Ts Paleocene in age,

Hennen, R. V., 1943 {Am. Assoc. Pet. Geol., Bull. 27, no. 12, p. 1573,
1580): In Mortom County, Almont Sandstone (new) lies about 35 feet
above base of Tongue River Member of Fort Union.

Benson, W. C., 1949 {(Geol. Soc. Am., Bull. 60, no. 12, pt. 2, p. 1873):
Tongue River Member of Fort Union Formation conformably underlies
GGolden Valley Formation,
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Fisher, 5. P., 1953 (N. D. Geol. Surv., Rept. Invest. 11, 2 pl.): Tongue
River Formation includes all strata above Ludlow-Cannonball Formation
and below Golden Valley beds. Includes Sentinel Butte Shale Facies
in upper part. Thickness is 745-1010 feet.

May, P. R., 1954 (U. S. Geol. Surv., Bull. 995-G, p. 268): Tongue River
Member of Wibaux area, Montana and North Dakota is composed of light~-
yellow, tan and gray sandstones and shales; thin lenses of limestones;
and numerous beds of lignite. Thickness of 1200 feet in Sidney lig-
nite area and 600 feet in Marmarth field, Overlies Ludlow Member:
underlies Butte Member.

Hanson, B. M., 1955 (N. D. Geol. Surv., Rep. Invest. 18, 1 pl.): Upper
350 feet of Tongue River Formation well-exposed in bluffs bordering
Little Missouri River along Elkhorn ranch area. Lower 750 feet
exposed between mapped area and Marmarth, 36 miles to south. Total
thickness of Tongue River, including Sentinel Butte Member 1is 1600
feet.

Triassic "A" salt

Anderson, S. B., and Hansen, D. E., 1957 (N. D. Geol. Surv., Rep. Invest.
28, 2 sheets): Triassic "A" salt is up to 199 feet thick in Spear-
fish Formation of North Dakota, thins over Nesson anticline. Equiva-
lent to Dunham Salt.

See also Spearfish Formation and Dunham Salt,
Triassic "B" salt

Anderscn, S. B., and Hansen, D. E., 1957 (N. D. Geol. Surv., Rep. Invest.
28, 2 sheets): Triassic "B" salt 1s in Spearfish Formation of North
Dakota. Appears to show salt solution with resulting collapse of
overlying formations in Slope County and may create traps for accu-
mulation of oil. Equivalent of Pine Salt.

See also Spearfish Formetion and Pine Salt.
Tullock formation, Member

Thom, W. T., Jr., and Dobbin, C. E., 1924 (Geol. Soc. Am., Bull, 35,
no. 3, p. 484-495): 1In Montana, Fox Hills Formation is overlain
by (ascending): Hell Creek and Tullock Members of Lance.

Frye, C. I., 1969 (N. D. Geol. Surv., Bull. 54, 65 p.): Tullock for-
mation extended from Montana into southwestern North Dakota.
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Includes beds below T Cross of C. J. Hares, 1928 (U, S. Geol. Surv.,
Bull. 775, p. 47) and above lowest persistent coal of R, W. Brownm,
1962 (U. 8. Geol. Surv., Prof, Pap, 375, 119 p.).

Twin Buttes bed {of SENTINEL BUTTE FORMATION)

Benson, W. E. B., 1952 {U. S, Geol. Surv., Open—file Rep., p. 252):
Twin Buttes bed is named for exposures near pair of small conical
buttes in sec. 28, T. 134 N., R. 92 W. 1Is 130-150 feet above
Beulah~Zap bed.

"Tyler-Heath interval”

Willis, R. P., 1959 (Am. Assocc. Pet. Geol., Bull. 43, noc. 8, p. 1956):
Tyler-Heath interval in North Dakota overlies Otter Formation and
underlies Amsden Formation (according to North Dakota Geological
Survey) .

TYLER FORMATION, Sandstone Member {(of BIG SNOWY GROUP)

Age: Pennsylvanian.
Area of extent: Southern Montana, western Horth Dakota,

Lithology: Gray and varicolored shale with local sandstone lenses.
Thin conglomerate occurs locally at base.

Thickness: 300 feet in type area. Up to 270 feet in North Dakota,

Relationships to other units: Underlies Alaska Bench Limestone; over-
lies Otter Formation.

Characteristic fossils: Cypridopsis fabuline, spores, and fragments
of gharks' teeth.

Economic significance: BSandstone of Tyler is odl productive,

bgpositional environment: Littoral to open marine, possibly subaerial
in part.

Type section: 5 miles west of Tyler School (alse site of old Tyler
Post Office), at southeast end of Middle Bench in 5% sec. 5, T.
12 N., R. 21 E,, Fergus County, Montana.

History of atratigraphic nomenclature:
Freeman, O. W,, 1922 (Eng. Min., J.-Press, v. 113, no. 19, p. 827):
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Tyler sandstone is white to red sandstone interbedded with varicolored
sandy shale. Thickness 300 feet. Overlain by Alaska Bench Limestone
(text) or 100 feet of gray shale (generalized section).

Scott, H. W., 1833 (J. Geel,, v. 43, p. 1028-1029): Tyler sands of Free-
man (1922) occur at same stratigraphic zone as Van Dusen sand on
southeast flank of Big Snowy Mountains. Sands are not a lithologic,
paleontologilc, or mappable unit over broad areas but should be con-
sidered member of Heath Formation.

Hadley, H. U., Lewis, P. J., and Larsen, R. B., 1852 {Billings Geol. Soc.,
Gdbk., 3rd Ann. Fileld Conf,, p. 142): Tyler is member of Heath Forma-
tion, Thickness iz 5 to 100 feet. Mississippian,

Mundt, P. A., 1956 (am. Assoc. Pet. Geol,, Bull, 40, no. 8, p. 1820~1925):
Tyler defined as formarion to include black, gray and reddish shales
within which sandstone bodies (formerly Tyler Sandstone) occur; alse
in¢ludes marine limestone tongue locally present near top. Thickness
where typlcally exposed is 382 feet. Underlies Alaskas Bench Forma—
tion; unconformably overlies Heath Formation. Unit has been referred
to as Amsden, Heath, Heath-Amsden transition zene, and nommarine Heath.
Mississippian. Uncertainty exists as to exact position of Freeman's
type locality. Type section restated.

Harris, 5. H., 1958 (. D. Geol. Socc., 2nd Williston Bagin Sym.: Bis-
marck, p. 42): Lower Amsden carbonate marker bed traced through
western Nerth Dakota. "Lower Amsden operational unit" is developed
on post—Heath erosion scour zone. As black fossiliferous shale and
calcareous sandstone may indicate Tyler, brown limestone Amsden
marker might be Alaska Bench Formation.

Willis, R. P., 1959 {A, Assoc. Pet. Geol., Bull. 43, no. 8, p. 1948-
1962): Tyler Formation in Montana area ig limited to central
Montana trough, and overlaps locally underlying Heath Formation.
Iscpach pattern shows abrupt thinning toward north along Cat Creek
trend. Formation divided into two members: lower, predominantly
dark, slightly calcareous shale, and upper, predominantly red and
marcon calcarecus shale with marine fauna. Term Cameron Creek used
for upper member., "A" zone denotes both sand facles and limestone
equivalent (Bear Gulch member or tongue); at base of "A" zone Tyler
becomes marine and trend changes from east-west to southwest-
northeast, Feonsylvanian {Morrowan).

Gardner, L. S., 185% {(Am. Assoc. Pet. Geol. Bull. 43, no. 2, p. 3335~
337): Tyler Formation not used In revision of Bilg Snowy Group
because sands are neither lithelogically or paleotclogically simi-~
‘lar and not mappable over broad areas. Name is also twice pre-
) occupled. Type section given by Mundt (1956) is of Heath and
i Cameron Creek Formations mede anomalous by local appearance of
- 150 feet of gray to white sandstone interbedded with black shale
(Heath) and overlain by red shale of Cameron Creek., No regional
unconformity found within BEig Snowy sequence., Erosional
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unconformity at base of Mundt's Tyler is believe to be result of
widely spaced local channel cuts, each of which can he traced for
few hundred yards or few miles.

Foster, ¥, W., 1961 (World 041, v. 152, p. 89-93): Tyler divided into
2 units (ascending): 1) lower unit is black to dark gray carbonaceous
shale with fresh-water ostracede, and other fauna, plant remains, and
coal; and 2) upper unit is red, yellow, green and Black shale with
thinly-bedded limestone. Sand lenses occur in lower unit in North
Dakota. Tyler is absent in southwestern North Dakota But thickens
to 150 fear in wegt-central North Dakota; 1s usually dull red shale
often called lower Amsden. Intraformational upconformity or dia-
stem separates lower unit from upper unit but authot not ready to
apply Cameron Creek or Sacajawes to these units. Tyler developed
on relatively flat ghelf 1pn Horth Dakota: baesin influenced develop-
ment in South Dakota. Heath represented by Basal detritus im Tyler,
which unconformably rests on Otter. Pennsylvanian.

ziebarth, H. ¢., 1962 {Ph.D. Disgert., Univ. N. D., 414 p.): Tyler
Formation in North Dakota is medium to dark-gray shale and lime-
stone with local sandstone lenses; ranges in thickness from 0-270
feett. Thickening toward periphery of unit may be result of dis-
appearance of identifiable marker beds or facles changes within
Alaska Bench and bagal Amsden units similar to lithology of Tyler.
Hiatuys marks top of Tyler.

"Van Dusen sand"

Scott, H. W., 1935 {J. Geol., v. 43, p. 102B): Van Dusen sand ls pame
used by oil geologists for oill sand in Devils Basin field. Named
from discovery well., Should be considered member of Heath Forma-
tion. Conslsts of thin, calcite-cemented sandstone approximately
500 feet below Quadrant or Tensleep Formatiom.

Vermillion River Formation

Cobban, W. A., and Reeside, J. B., Jr., 1952 (Geol. Soc. Am., Bull. 63,
no. 10, p. 1011-1013): Vermillion River Formation (Late Cretaceous}
is found on FPembina escarpment, Manitoba and North Daketa. Overlies
Favel Formation; underlies Riding Mountain Formation.

This usage not followed by later writera.
VERENDRYE MEMBER, Shale Zone {of PIERRE SHALE)

Age: Late Cretaceous.
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Area of extent: South Dakota, North Dakota,
Lithology: Gray shale with concretions.

Thicknegs: Up to 200 feet.

Relationships to other units: Underlies Virgin Creek Member; overlies
Qacoma zone.

Remarks: Type locality presumably under Verendrye Monument at Fort
Fierre, Stanley County, South Dakota. See also Pierre Shale;
Sully Member,

History of stratigraphic nomenclature:

Searight, W. V., 1937 (5. D, Geol, Surv., Rep. Invest. 27, p. 25-26, 34):
‘Verendrye zone of light- to medium-gray banded shale, Concretions
light-gray to olive-green where fresh, weathers dark-brown. Under-
lies Virgin Creek and overlies manganifercus Oacoma beds. Total
thickness 10-200 feer. :

Crandell, B. R,, 1950 (Am. Assoc. Pet. Geol., Bull. 34, p. 2345):
Verendrye and Crow Creek ralsed to member rank and DeGrey Member
(Agency—Oacoma unit) named. Sully nc longer used.

Wilson, E, E., 19538 {Master's Thesis, Unilv. N. D., 134 p.): Pilerre
Shale of northern Sheyenne River and Stutsman County of North
Dakota may be equivalent to Verendrye and DeCGrey Members of South
Dakota.

Wirden subinterval"

Heck, T., 1378 {Mont. Geocl. Soc., Williston Basin Sym., 24th Ann, Field
Conf., p. 197): Virden subinterval is sequence reflecting gradual
marine regression coupled with prograding into basin. Three facles
developed: 1} medium to dark gray, argillaceous, pelletal, skeletal,
muddy grainstone {shallow open shelf}, 2) oolite grainstone {as
shoals or near shelf break), and 3} light-colored, argillaceous,
cherty, pelletal, skeletal wackestone to packstone interbedded with
oxidized skeletal mudstone to wackestone (shoreward of oolite sheals),
Lower unit is more argilllaceous than upper unit, which 1s relavively
clastic-free. Ia cyclical, grading from basal oolite shoal and
skeletal gralnstones interbedded with argillaceous limestone and
shale, grading upwarde to interbedded pelletal limestone and
skeletal grainstone. Is Kinderhookian 1in age.

Virgin Creek Member {(of PIERRE SHALE)

Age: Late Cretaceous.
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Area of extent: BSouth Dakota, North Dakota,

Lithology: Gray shale with bentonite beds. Small fossiliferous concre—
tions and bed of large limestone ceoncretions.

Thickness: Up to 224 feet,

Relationships to other units: Overlies Verendrye Member; underlies
Mobridge Member.

Type section: Valley wall of Virgin Creek, about 1% miles south of
Promise, Dewey County, South Dakota. See also Pilerre Shale.

History of stratigraphic nomenclature:

Searight, W. V., 1937 (S. D. Geol. Surv., Rep. Invest. 27, p. 35~43):
Virgin Creek divided into two zones (descending): Upper zone con-
tains small fossiliferous concretions in lower part and bed of large
limestone concretions; lower zone 1is light- to medfum-gray shale
with thin bentonite beds. Basal part of lower unit weathers to
gray gumbo, tinged rusty-brown in places. Overlies Sully Member;
underliss calcareous beds of Mobridge Member. Top of zone of lime-
stone concretions contains Sage Creek fauna farther west.

Crandell, D. R., 1850 (Am. Assoc. Pet. Geol., Bull, 34, no. 12, p.
2340): Overlies Verendrye Member; underlies Mobridge Member.

VIRGIN CREFK MEMBER {of PIERRE SHALE)

Searight, W, V., 1937 (5. D. Geol. Surv., Rep. Invest., 27, p. 35-43):
Yirgin Creek is divisible on basis of lithology into two zones.
Lower 1s relatively resistant light~ to medium—gray shale that
contalns numerous thin but coaspicuous bentonite beds. Upper part,
especlally at base, breaks down to lead-gray gumbc and may be rusty
brown, Upper Virgin Creek may contain characteristic small fossilif-
erous concretions in lower part, and bed containing large limestone
concretions. Virgin Creek includes all beds between Sully Menber
and highly calcareous beds of Mobridge Member.

Rice, 0. C., 1977 {U. 8. Geol. Surv., Mise, Invest., Map 0C-70, 1

sheet): Virgin Creek Member 1s in eastern North Dakota on corre-
lation chart.

Wendover Group

Age: Pennsylvanian,

Area of extent: Fastern Wyoming, northeastern Colorado, southwestern
Dakota, and North Dakota(?).
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Litholagy: Limestones interbedded with sandstones, mudstones, and shales.
Thickness: Up to 104 feet,

Relationships with other units: Underlies Broom Creek beds; overlies
Meek Group. Called Wendover-Meek Group in North Dakota.

Characteristic fossils: Fusulinids.
Economic significence: None.
Depositional enviromment: Marine.

Remarks: Type area 1s in Platte River Valley in vicinity of Wendover,
Platte County, Wyo.

History of stratigraphic nomenclature:

Condra, G. E., Reed, E. €., and Scherer, C. J., 1840 (Nebr. Geol. Surv.,
Bull., 13A, p. 2-3, 3, 22, 23-24, 28, 30, and 45): Vendover Group
consists of limestones interbedded with sandstones, mudstones, and
shalea. At base 1s sandstone that probably marks unconformity.
Compriges upper part of Division IL of Hartville "Formation {Con-
dra, G. E., and Reed, E. C., 1935, Nebr. Genl. Surv., Pap. no. 9,

46 p.}: Thickness is 104 feet. Underlies Broom Creek beds (new);
overlies Meek Group {(new).

McCauley, V. T., 1956 {d. D. Geol. Soc., Williston Basin Sym,, lst
Internat., Bismarck, ¥. D., p. 130-164): Wendover-Meek Group is
poorly represented in North Dakota. All beds from bass of over-
lying Broom Cresk to below radioactive markers are missing in
broad areas of southeastern and eastern Montana, southwestern
North Dakota and northwestern South Dakota. Broom Creek rests
directly on radicactive gzones or is peparated by few feet. Sand-
stone or sandy dolomiteg are most common lithologies of Wendover-
Meek Group.

"Wendover-Meek group'

See Wendover Group or Meek Group.
White earth, clavy bed

See’ Golden Valley Formation.

WHITE RIVER GROUP, Formation

Age: OGligocene.
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Area of extent: North Dakota, Scuth Dakota, Wyoming, eastern Montana,
Nebraska, and northeastern Colorado.

Lithology: White, hard calcareous limestone, and white, calcarecus
shale, and sandstone.

Thickness: Up to 200 feet.

Relationships to other units: Unconformably overlies upper Fort Union
in most of southwestern North Dakota; unconformably overlies Golden
Valley in Killdeer Mcuntains of Dumn County, North Dakota. 1Is
voungest bedrock formation exposed in North Dakota.

Characteristic fossils: Fish, mammalian and chelonian remafins, and
Titanotherium and Orecdon.

Economic significance: None.
Depositional enviromment: Fresh-water, lacustrine.

Remarks: Named for exposures along White River in scuthwestero North
Dakota.

History of gtratigraphic nomenclature:

Meek, F., B., and Hayden, F. V., 1857 {(Acad. Nat. Sci., Philadelphia,
Proc., v. ¥, p. 119, 133): White River (Miocene) deposits in
places crown summits of hills on east side of Missourl River near
mouth of White River, Titanotherium bed of White River basin is
oldest member. No evidence that any Tertiary deposits knowm in
Nebraska are older than Miccene.

Meek, F. B., and Hayden, F, V., 1862 (Acad. Nat. Sci., Philadelphia,
Proc., v. 13, p. 433-434): VWhite and light-drab clay with sand-
stone beds and local layers of limestome., Is 1000 feet thick.
Fossils contain no brackish-water or marine forms, Occursg in Bad
Lands of White River, on Nilobrara, and across area to Platte River.
Overlies Fort Unlon Group on North Platte River above Fort Laramle;
underlies Loup Fork beds (Plioccene).

Meek, F. B., 1876 (U. S, Geol, and Geog. Surv. Terr., Mon., 9, p. lxi-
ixiv): Contains great numbers of mammalian and chelonian remains
with very fine state of preservation, No marine or brackish water
remains found so must be fresh~water lacustrine deposit. White
River spreads extensively south of Black Hills into Nebraska,
Colorado, and Kansas. Unconformably overlies Fort Unfon Groupy
underlies Pliccene lake deposii on Loup River and other areas of
Nebraska,

Leonard, A. G., 1908 (N. D. Geol. Surv,, 5th Bienn., Rep., p. 64-71):
Beds of White River Formation confined to White Butte or Chalk Butte
of southern Billings County and Sentinel Butte. Conformably over-
lies Fort Union Formation. Is Oligocene in age.
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"Whitewater lLake subinterval"

Heck, T., 1978 {(Mont. Geol. Soc., Williston Basin Sym., 24th Ann. Field
Conf., p. 187): Whirewater Lake subinterval is sequence reflecting
gradual marine regression coupled with prograding intoc basin. Three
facies developed: 1) medium to dark gray, argillaceous, pelletal,
skeletal, muddy grainstone (shallow open shelf), 2) oolite grain-

 stone (as shoals or near ghelf break), and 3) light-colored, argil-
laceous, cherty, pelletal, skeletal, wackestone to packatone inter-
bedded with oxidized skeletal mudstone to wackestone (shoreward of
colite shealg). Lower unit is more argillaceous than upper unit
which is relatively clagtic-free. Is cyclical in nature, grading
from basal oclite sheal and skeletal grainstones, interbedded with
argillacecus limeastone and shale, grading upwards to intetrbedded
pelletal limestone amnd skeletal grainstone, Is Xinderhookian in
age.

Wilton bed (of BULLICHN CREER FORMATION)

Leonard, A. G., Dove, L. P,, and Eaton, H. N., 1325 (N. B. Geol, Surv.,
Bull. 4, p. 119): Wilton bed is most important lignite bed of dis-
trict. MNamed for town of Wilton.

WINNIPEG FORMATION (of BIGHORN GROUP}

Age: Early(?) apnd Middle Ordovician.

Area of extent: Manitoba, Saskatchewan, North Dakota, South Dakota,
and eastern Montana,

Lithology: Varicelored, non-calcareous shale and white to buff, poorly
consolidated, medium— to coarse-grained, quartz sandstone. Bagal
sandstone present over wide areas im Williston basin; pyrite and
phosphatic nodules present; thin limestone beds cccur locally.

Thickness: Up to 357 feet.

Relationships to other units: Lies unconformably on Deadwood Formation
except in northwestern North Dakota where it may be conformable on
Deadwood and in northeastern North Dakota where it lies nonconform-
ably on Precambrian rocks.

Characteristic fossilg: Hons.

Depesitional environment: Transgressive gea moving iInto slowly sub~-
giding cratonic hasin.
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Remarks: Type section exposed on shores and islands in southern part
of Lake Winnipeg, Manitoba. See also Black Island, Ice Box, and
Roughlock Members.

History of stratigraphic nomenclature!

Dewling, D. B., 1896 (Gttawa Field Nat. Club, Trana. 1B95-1896, v, 11,
p. 67-68): Winnlpeg Formation is basal sandstone unit and overlies
green shale sequence. Sand locally present in upper green shale;
formation may contain pyrite and phosphate nodules; thin limestone
beds occur locally. Thickness is $0-800 feet.

MeCauley, G., and Leith, E. 1., 1951 (Geol. Soc. Am., Bull, 62, p. 1461~
1462): Winnipeg Formation assigned to Late Ordovician Richmondian
age. '

Baille, A, D., 1852 (Manit, Dep. Mines Nat, Resour,, Pub, 51-6, p. 41):
Winnipeg considered to be Trentonian{(?) in age.

Erickson, H. D., 1954 (S. D. Geol. Surv., Rep. Invest. 74, p. 43):
Winnipeg Formation divided into two lithologic units (descending)
in South Dakota: Winnipeg Shale, light gray to green, mobtled
bentonitic shale and siltstone with few sandy horizons; and Win-
nipeg Sandstone, well-sorted, medium-textured, clear quartz sand,
few fossils present. Unit has been called Black Blver and St.
Peter in previous reports of South Dakota Geological Survey.

McCauley, G., 1955 (Albert. Soc. Per. Geol., J., v. 3, no. 4, p. 49~
52): Winnipeg Formation is shale and sandstone sectilion that under-
lies Red River Formation and overlies Precambrian basement complex
in Manitoba. In Saskatchewan and Dakotas, formation is underlain
by Cambrisan sediments. No type outcrop section can be establighed
becauge upper and lower contacts are not exposed at any one place,
Suggestions given for twe type wells.

Ross, R. J., Jr., 1957 (¥. 8. Geel, Surv., Bull. 1021-M, p. 448-449):
In subsurfece of Williston basin, Winnipeg Formation overlies Dead-
wood Formation and underlies Red River Formation of Bighorn Group,

Carlson, C. G., 1960 (N, D. Geol. Surv., Bull. 35, p. 44-74): Winnipeg
Formation consiasts of sandstone, shale, and siltstone. Lies uncon—
formably on Deadwood Formation except in northwestern North Dakota
vhere it may be conformable on Deadwood and in northeastern Rorth
Dakota where 1ir lies nonconformably on Precambrian rocks; overlain
conformably by Red River Formation. Is divided into three members
(ascending): Black Island, Ice Box, and Roughlock, Thickness is
0-357 feet. Age is Middle Ordovician, Black RBiveran and Trenton-
ian, based on conodonts.

Puller, J. G. C. M., 1961 (Am. Assoc. Pet, Geol., Bull. 45, no. 8, p.
1341): Black Island Member of Carlson (1360) not same as originally
defined and thus replaced by Burgen Sandstone {p. 1339). (This usage
not followed by North Dakota Geological Survey.)
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"Winnipeg transition zone"

Carlson, C. G., 1960 (N. D. Geol. Surv., Bull. 35, p, 61): In north-
western North Dakota, near limit of recognition of Roughlock Member,
interval referred to as '"Winnipeg transition zone" by some petroleum
geologists; 1s included in Roughlock Formation,

WINNIPEGOSIS (WINNEPEGOSAN) FORMATION (of ELK POINT GROUF)

Age: Middle Devonian.
Agea of extent: Williston basin,

Lithelogy: Tan-gray, porous, fine-grained dolomite in outcrop. In sub-
surface is tan, gray-tan to brown, and gray-brown microcrystalline
to fine-granular dolomite. Tan-gray to dark gray-brown, argillacecus
limestone and dolomitic limestone, locally shaly where Elk Point
equivalent preseant.

Thickness: (-173 feet; up to 400 feet in reefs in east-central
Saskatchewan.

Relationships to other units: Middle formation of Elk Point Group.
Conformably overlies Elm Point Formation in outecrop; in subsurface,
formations are difficult to differentiate. Winnipegesils includes
Elk Point. Conformably overlain by Pralrie Formation.

Characteristic fossils: Stromatoporoids, Amphipora corals,

FEconomic significance: 611 productive in Montana.

Depositional enviromment: Shallow-water marine.

Remarks: Type area at exposures along Lake Winnipegosis in Manitoba.

History of stratigraphic nomenclature:
Tyrrell, J. B., 1893 {Can. Ceol. Surv., new ser.,, v. 5, pt. 1, p. l44E-
199E): Winnipegosan Formation of Manitoba is Devenlan in age.

Wallace, R, €., 1915 (Can. Geol. Surv., Summ, Rept, 1914, p. 77):
Winnipegosan beds are exposed at Graves Polnt, Lake Winnipegosis,
Winnipegosis and Winnipegosan spellings used In report.

Baille, A, D., 1953 (Am. Assoc. Pet, Geol., Bull, 37, no. 2, p. 444~
447): TForwation originally called Winnipegosan by Tyrrell (1893)
but, because adjectival muffix has time connotation, term "Winni-
pegosis' used to conform with usage recommended by Geological Sur-
vey of Canada and American Commisgion on Stratigraphic Nemenclature.

e
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In outcrop, overlies Elm Point Formation; underiies Dawson Bay Forma-—
tion (new). Redefined in subsurface to include Elm Point Limestone.
Iz member of Elk Point Group.

Check, R., 1956 (N. D. Geol. Soc., lst Internat. Williston Basin Sym.,
p. 140): Winnipegosis extends from eastern Alberta to Manitoba
and gouth to its depositional edge in North Dakota and Montana.

Sandberg, C. A., and Hammond, C. R., 1958 (Am. Assoc. Pet. Geol., Bull.
42, no. 10, p. 2299, 2303-2306): 1In Williston basin, Winnipegosis
is redefined to include strata previously assigned to Ashern Forma-
tion of Baille (1951, Manit. Dep. Mines Nat, Resour., Mines Br. Pub.
49-2). In United States, Winnipegosis restricted to Williston basin
and northeastern Montana. Is less than 1 te 300 feet thick. Leower
formation of Elk Point Group; underlies Prairie Formation. In Bird-
bear well, Dunn County, North Dakota, Winnipegosis lies at 11,438~
11,698 feet and rests unconformably on Silurian rocks. Is Middle
Devonlan,

Wolf Creek coal bed (of RBULLION CREEK FORMATION)

Smith, C. D., 1868 (U. 5. Geol. Surv., Bull. 381, p. 19, 20): Wolf
Creek coal bed is lignite bed of Washburn Lignite Field, Named
for Wolf Creek.

Andrews, D, A,, 1939 (U, 5. Geol. Surv., Bull, 906B, p. 70): Wolf
Creek coal bed crops out on east side of Missouri River in Minot
area of North Dakota, HNamed from Wolf Creek, Is about 80 feet
above base of Fort Unlon Formation.

"Woodbend equivalent"

See Duperow Formation.

Towse, D., 1553 (N. D. Geol. Surv., Rep. Invest. 12, 1 sheet): Con-
sists of thick medium to dark brown dolomite above "Beaverhill
Lake equivalent.,”

Yeagher bed (of SENTINEL RUTTE FORMATION)

Johngon, W, D., Jr., and Xunkel, R. P., 185% (U. 3. Geol., Surv., Bull,
1076, p. 39): Yeagher bed is coal named for Yeagher Mine. Crops
out along Square Butte Creek and is 30 feet above Berg hed, when
both found together. 1Is composed of two beds of lignite separated
by & feet of sandy shale. Lower bed is & feet thick; upper bed is
3 feet thick.

———————
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"Yule coal group'

Leonard, A. G., 1308 (N. D. Geol. Surv., 5th Bienn. Rep., p. 77-80):
Coal beds found in vicinity of Yule and farther south on Bacon
and Coyote Creeks named Yule coal group. Beds A=F occur in lower
menber of Fort Unlon Formation.
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‘GEOLOGIC FORMATIONS OF NORTH DAKOTA

I o White River formation 50.-200" clays, shales, limestone, sandstone
(@)
= Ll = : g 7 o
o éé Q@ | Golden Valley formation 100-200' light-colored clay, ash, sandstore
&) L S
S Tongue River formarion 300" licht-colored ana dark-colored
e) ;_%L"'r- shale and sandstone and lignite
5 . C}:-—(éf Cannonball-iudiow Tormaiion N-300' macine sands, Clavs
ol 8 8%5 lignite, shale and sandstone
Hell Creek formation 100-575" grev bentonitic sandstone and shale, lignitic
shale and concretions
<
w ; 3 !
é ¢ | Fox Hills 180-320" brown to grev sandstone with ironstone concretions
P :
ozl
@ g 0 | Pierre formation 930-2390' grev shales and ironstone concretions
L]
o
% (®) Niobrara formation 200-250'grey shale and "cemeut rock"
Q w
n q o
= i lon = , -
O 8 S Benton formation 500-1000' dark srev shale
8 8 " Makota formation 15-90" micaceous white sandstone with pDvrife, gynsum
<{ and lignite
= :
O | W A
o g o Fuson formation 50-150"grev shale, sandy shale and sandstone
~N L
8 § Lakota formation 78-150' white sandstone with little shale
L v
= Morrison formation 20-260" grev and green shzle and shaly sandstone
g Sundance formation “%0-682"' glauconitic sandstone, green shale, sandstone and shalvy
.% limestone with gypsum
o Spearfish formation 225-970' red sandstone and red shale, brown sandstone, red shale
|.§ and red evaporites
%’ Minnekahta formation 407 purple dolomite and limestone. No:. exrensively deve.oped
= in the state
(et
B-j Opeche formation 88' red shale and anhydrite. Not extensively develoned in the state
& Minnelusa formation 0-200" white and reddish sandstone. Not extensively developed
a in the state
% Amsden! formation 79-250" orange, red, purple dolomite ]imestone shale
. '_ =
<2I um_[ Heath formation 145' black carbonaceous shale, arev to green
=2 o shale, dolomite D
Ll 'S) =
g_ 0 2 | Otter formation 105' varicolored shale and anhydrite
@ |e '
= IR :
= s ; Kibbey formation 115-300" varicolored shale and fine ocrey sarnd-
= L E S stone near base
< - g “ | Charles formation 550-810" hrown buff dolomite Iimestone, gray and
& g white anhydrite, varicalored shale
= Migssion Canyon formation 124-530" granular and oolitic purf
0 > t'D-‘ Za limestone
—_— =
wn =
g 5 % g% Lodgepole formation 633-880' grey to buff granular to finely
= 5 & Is crystalline limestone
= Eé Englewood formation 30-110" carbonaceous shale, limestone, grey
= =7 shale and siltstone
O = Amaranth formation 75' calcareous red shale
o| & :
N E(_; Manitoban formation 180' granular buff limestone, dolomite and anhydrite
Ge)
= Y )
lj ch Winnipegosan formation 216' granular and dense grey to brown limestone and dolomite
< .
o Silurian system poorly developed if found in the state
<2I Big Horn formation 618' dense to granular buff to white dolomitic limestone and
& varicoiored shale 4
> Upper Whitewood formation 831l' grey to tan dense to granular dolomitic and sandy
o limestone .
8 Lower Whitewood (Winnipeg) formatiom 5Z1' green shale, conpglomeraric Sandstone,
(©] sandy limestone, grey sandstone
Cambrian 219' green shale, and dolomite, glauconitic sandstone
Pre—Cambrian granite and amphibolite
E—_—i: J

FROM. LARD AND TOWSE, 1949
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NORTH DAKOTA STRATIGRAPHIC COLUMN

PERIOD ROCK UNIT LITHOGRAPHIC | MAX IMUM

COLUMN THICKNESS LITHOLOGY, DEPOSITIONAL ENVIROMENTS, AND OTHER CHARACTERISTICS

Relative resistance

GROUP FORMATION | MEMBER feet (metres)
‘ : OR OTHER UNIT

ERA

BEFORE PRESENT

SEQUENCE

AGE
MILLIONS OF YEARS

l RIVERDALE Clay, sand, silt, and gravel; dispersed organic material; river, windblown, lake, and slough sediment; found

HOLOCENE : OA HE Ap{slg:(E CIISLI)WN ¥ —__ i1 50( l5) through(}ut the state; Fhe four recognized members_(see t.%ock'Unit COIUH]!:I} are d%fferentiat?d in the field by
l // i Tn s \\\ color differences and include the complete range in grain sizes found in materials overlying the Coleharbor
MALLARD ISLAND ;

Formation.
NAMED FORMATIONS

| WEST CENTRAL EAST - RED RIVER VALLEY|® %’
| e DOWNER

SHERACK
PLEISTOCENE POPLAR RIVER
COLEHARBOR

FALCONER HUOT

WYLIE
SNOWSCHOOL DAHLEN RED RIVER FALLS
HORSE SHOE VALLEY GARDAR ST HLLAIRE
MEDICINE HILL VANG MARCOUX

(Numerous other named and unnamed Sedimentologic A4
units and formations ) ; /

~ 00! 1

Pebbly, sandy, silty clay (till); pebbles of limestone, dolomite, granite, gneiss, and basalt; associated
bedded clay, silt, sand, and gravel; glacial, river, lake., and windhlown sediment; found throughout the
glaciated part of the state. Several subdivisions of the Coleharbor have been recognized and formally-
ICXJ()(:5()()) named. In the Red River Valley they include: the Downer (beach sand of glacial Lake Agassiz), Sherack, Brenna
and Wylie (all offshore lake sediment), Poplar River (river sediment), Huot, Falconer, Red Lake Falls,  St.
Hillare, and Marcoux (all glacial sediment). West of the Red River Valley in eastern North Dakota, the Mahlen,
Gardar, and Van (all glacial sediment) have been described. In west-central North Dakota, the Snmow School,
-t Horseshoe Valley, and Medicine Hill (all elacial sediment) have heen desciribed

Gravel, sand and sandstone, silicified wood, concretion; locally derived river sediment; mainly pebbles and

: :5()() (E)C)) cobbles; terrace, fan, and pediiment deposits of Quaternary age. Clay, silt, sand, and gravel; western-cerived
e = — pebbles and cobbles; valley fills of Paleocene to middle Quaternary age.

QUATERNARY

TEJAS

PLIOCENE

[ —

MIOCENE | ARIKAREE

OLIGOCENE BRULE
WHITE RIVER—prpRor

|

l

l

L 5 J |
-

I

|

CHARGING EAGLE I

‘;()()(lzac)) Sandstone and limestone, tuffaceous, light gray, greenish or white, corss bedded:; river and lake sediment ;
found mainly on butte tops: Oligocene, Miocene, and Pliocene ape.

"
150 (45) Siltstone and clay, pinkish; offshore lake sediment and some river and shoreline sand; forms steeb slopes on
hills and buttes in the southwestern part of the state.

- IOO (30) Sand with quartzite and porphyry pj‘ebbles, light colored; overlain by clay, dark colored: river and lake
\\\ sediment; forms rounded slopes on thills and buttes in the southwestern part of the state.

- 54 =
CAMELS BUTTE[:

BEAR DEN

EOCENE GOLDEN VALLEY

. ﬁ Camels Butte Member: upper part is shale and siltstone, gray, montmorillonitic, minor lignite; river and lake
2|5 (65) sediment; lower part is sandstone, yellowish, micaceous, cross bedded; river sediment.

Bgar Den Member: kaolinitic clay, lignite, and chert: white to yellow with shades of lavender: weathering zone.
ThHe Golden Valley Formation is found mainly over upland areas in thefwestern part of the state.

Silt and clay, brownish gray, varying amounts of sand, lignite, natural brick, limestone and sandstone: river,
lake, and swamp sediment; forns steep, rilled Slope@; found throughout western North Dakota; forms badlands

650(200Q) | topography. :

1

SENTINEL
BUTTE

CENOZOIC
TERTIARY

il e e e ———

)
e

\\L //gilt and clay, yellowish brown., varying amounts of sand, lignite, natural brick, limestone. and sandstono:
gently rounded slopes; most of the ‘rock and sediment included in the Buliion Creek Formation is equivalent to

rock and sediment that were previously referred to the Tongue River Formation: found throughout western North
ESES()(EZ()()) Dakota: forms badlands topography. ‘

S5ilt, sand, and clay, grayish to yellowish brown; some sandstone and minor lignite; river, lake, and swamp
sediment and some marine sedinent Rhame silcrete bed (weathered zoné) at top; has been called Ludlow and
Lebo Formations; found along southern flank of Williston basin in southwest North Dakota:; Paleocepe.

Sand and mudstone, brownish yellow and 1i§ht gray, with leaticular and concretionary sandstone: marine
650(200) sboreline and offshor%g sediment; found in approximately the same area as the Slope Formation.

?;;

Silt, sand, and clay, grayish brown and thin bedded; some sandstone and minor lignite; river, lake, and swamp
sediment ;T-Cross lignite bed at top: equivalent to beds formerly known as Tullock.
Saﬁd, somber shades of light gray to brownish gray, and cross bedded sandstone with lignitic shale and dark.
500([50) purple, manganese-oxide-stained concretions; river sediment and some estuarine sediment; forms rilled slopes
, except clayey member at the top forms smooth, rounded slopes; forms badlands topography.

BULLION
CREEK

PALEOCENE FORT
UNION

1
I

e Sy
R == /)

— = TONGUE RIVMER — — =

ISLOPE RHAME BED
CANNONBAL L
LUDLOW T-CROSS BED

- 68

HELL CRE EK
- ‘ COLGATE =

BULLHEAD
FOX HILLS TIMBER LAKE

TRAIL _CITY

K BUT =
MOBRIDGE __~
VIRGIN CREEK

ODANAH

Silt and shale, sandy shale, sandstohe, and siltstone, shades of buff to vellowish bronw; interbedded with

lignitic shale laminae; some beds fossiliferous;:intermittent sandstone at top is grayish brown to white, fine,

‘1()()('22()) siliceous; silt dand shale gradﬁtionél downward with shale of the Pierre JFormation largely marine coastal
sediment; forms gentle, rounded slopes. & § g

L4

Shale. ’

Pierre Formation consists of marine offshore sediments that can be subdivided into the following member in
Nerth Dakota (top to bottom): Elk Butte Member: medium gray, flaky, noncalcareous shale; Mobridge Member:
calcareous shale and marlstone; Virgin Creek Member: dark-gray, soft, flaky, noncalcareous shale; Odanah
Member: hard, silicedus, noncalcareous, medium light gray shale, reddish-brown stained Jjoint faces, light
Yellowish bentonite bied near the base, forms steep slopes in exposures in the Pembina Hills; DeGrey Member:
olive Eo daxlcSomag noncalcarepus, flaky shale, ironstone concretions; Gregory Member: dark-gray to yellowish,
soft, thinly bedded, slightly calcareous to marly, pyritic ghale and claystone, smooth, loose surface that tends
2300(700) to slump; Judith River Sandstone (locally in the west, subsirface only): fine-grained silty sand. Pembina
(Sharon Springs or Mitten Black Shale) Member: grayish brown to brotmish black, soft, noncalcareous shale,
vellowish streaks of jarosite and gypsum-encrusted phosphate nodules, highly organic in the middle pértion with
abundant fish scales, light-colored, waxy beds of montmorillonitic clay at the base. Gammon Ferruginous
Member: gray mudstone with calcareous and ferruginous concretions; Eagle Sandstone (locally in the southwest,
subsurface only): fine-grained sandstone. Odanah, Degrey, Gregory, and Pembina Members are widely exposed in

parts of northeast North Dakota; lower members (undifferentiated) are exposed along the Cedar Creek anticline
in southwest North Dakota.

i

43

MONTANA

PIERRE ol o

SR

GREGORY

ZUNI
-

CRETACEOUS

PEMBIN?A

EAGLE ;
SHG—"G AMMON

i

TG

/gaale, medium light gray to medium gray. calcareous with white, limy inclusions (referred to by drillers as

200(60) "First White Specks")3; marly zone near the middle. Upper part is tan to yellowish or golden in weathered
—— exp@@ures; lower part weathers to grayish hues; steep slopes,

NIOBRARA

[ fl

2

44IC)(|2255) Shale, medium dark gray to black, DOHC&1C8T§OUS. soft; large ellipsoidal concretions i@ntaining abundant
gypsum (selenit?); zone of fine, secondary gypsum crystals at the top. Rounded slope% in exposures.

CARLILE

5 ; Shale, dark gra?, calcareous; soft; thin-bedded shaly limestone; good electric and radioactivity log marker;
GREEN HORN == ; |5O(45) referred to by drillers as "Second White Spef:cks.” 2

(] EiRfES

()

COLORADO

3555()('()55) Shale, medium té dark gray, soft, micaceous,‘lumpy to massive, spongy; includes beds of light bluish gray
: bentonitic clayy silt and sand facies near base in parts of eastern North Dakota.

BELLE FOURCHE

MOWRY

NEWCASTLE
SKULL CREEK

I

fy
iy
\

I80(55) Shale, medium to dark gray, soft, flaky, spohgy; traces of light blue gray bentonitic clay; top is marked by
2 radicactive zone. ’

R 'i““i‘il‘

4 Il

|50(45) Sandstone, light gray, fine to medium grained angular quartz grains-‘@j some calcareous cement, silty: shale,

. medium to dark gray, soft, lumpy, fissile. micaceous; known also as "Muddy." Probably tvpe "Dakota,"
l‘4()(‘i()) Sbale, medium to da?k_gray, mivaceou§, soft, flaky to lumpy; sandstone, fine grained, friable, calcareous.
light gray, clauconitic, especially in east: traces of pvrite and white bentonitic clay.

Upper part is mainly marine sandstone, light gray, fine to coarse, guartzose: aind shale. gray silty. and
lumpy. TLower part is mainly nonmarine sandstone, medium to coarse, angular to subrounded, quartzose; occasion-
500('50) al lenses of gray, bentonitic shale commonly contain manganese-siderite spherulites (pellets).

Ty

DAKOTA

MESOZOIC

INYAN KARA

L

— 135 4

: Shale and siltstone, light gray green to varicolored, soft, pyritic: small amounts of thin. interbedded
2265()(&3()) calcareous sandstorde and sandv limestone.

MORRISON

£4

SWIFT
JURASSIC SIEHBON BOWES MBR.

ELLIS - FIREMOON _MBR,
TAMPICO MBR.

PIPER "KLINE MBR.
FICARD MBR.
POE MBR.

TRIASSIC S AUDE MI‘:BF\’.
225 SPEAR:FISH T

BELFIELD MBRI=

400(120)

Shale, dark gray to greenish, fissile, waxy, silty, calcareous:; local limestone and glauconitic sandstone.

IOO(30) Shale, varicolored shades of gray, green, and red, calcareous:; some limestone. Characteristic log marker at

| the top is known as the "Rierdon Sheoulder."

Limestone, white to buff, brown, or gray, dense, finely crystalline, colomitic, oolitic, fossiliferous; shale,

red, gray-green, and purple, silty; gypsum and anhydrite. 'Recognized members incfhde the Poe Member at the

ESEEES(IEB()) base (maivly shale and anhydrite; Dunham Salt is a facies éf the Poe), the Picard Member (shale), the Kline
Member (limestone), the Tampico Shale, the Firemoon Limestone (also known as "Piper Limestone"), and the

Bowes Member (shale) at the top, i L

1

— 190 -

Siltstone, moderate to light brown and reddish brown: sandstone, fine-grained, frosted, rounded grains,
slightly calcareous; halite, massive, clear large crystals with anhydrite, white, silty; interbeds of shale,

750(225) gray, fissile, and mudstone, reddish orange; traces of pyrite and colomite. Recognized members include the
Belfield, Pine Salt, amnd Saude Members. ;

4(]2) Limestone, creamy, pink and purple mottled, chalky to sublitholographic. clavey. anhydritic locally.

MINN.EKAHTA

5'0('55) Shale, orange-red, slightly dolomitic. docally silty, straks of anhydrite and gypsum; halite locally .

PERMIAN

; //' Sandstone at base, pinkish gray to pale reddish brown. fine to medium grained, subangular to well rounded,

2?5(85) shaly, locallyfdolomitic; overlain by interbed’ded shale, reddish and greenish, and dolomite, pinkish gray to
grayish red, microcrystalline, locally anhydritic: cherty at unconf%rmity top.

BROOM CREEK

ABSAROKA

Ay

e

— 280+

7 Dolomite, pinkish gray to pale yellowish brown;, microcrystalline to coarse crystalline, dense, sand; inter-
4153()(|2555) bedded shale, dark reddish brown, siyty, blocky fissility; and anhydrite, white to grayish brown, fine
crystalline, colomiticj; sandstone near top, gray to pale red, fine grained, calcareous. Alaska Bench Member
at base 1s limestone, pinkish srav to pale vellowish browm, micritic, shalw, :
Shale and limestone, medium to dark gray to red and varicolored, carbonaceous near base; local sandsgone
200(60) lenses. i

<

200(60) Shale, greenish and reddish gray, variegated near basin edge, carbonaceous; minor limestone, grav to gireen,
2 marly, fossiliferous, oolitic¢, thin bedded.

MINNE LUSA AMSDEN.

PENNSYLVANIAN

ALASKA BENCH

TYLER
OTTER

KIBBEY

=520

BIG SNOWY

; ; Sandstone, reddish to light gray, fine to medium gtained, rounded; limestone, white to brown, dense, dolomitic:
250(75) shale, reddish to' variegated, silty, interbedded gypgum. Limestone ("Kibbey lime") is excellent log marker.

Evaporites; interbedded anhydrite, halite, dolomite, mudstone, and The units, Lodgepole. Migad .
600“85) shale; iron staining common; Poslar interval contains most of the e los L(;QCD g.po > e Ledyon, am.j
halite of the Madison Formation, : i driogd o8 meahers or fompsesies
In some places), are facies which cut across
Limestone, pale yvellow brown, dolomitic, oolitic; alternating the log markers.
with dolomitic lijestone, anhydritic, and shale beds; Midale
250(75) subinterval at base is dolomitf¢ limestone; Ratcliffe interval The terms "Bottineau," "Tilston," "Frobisher-
- includes lower Madison salt in the central Williston basin Alida," "Ratcliffe," and Poplar" refer to
] el oy intervals between markers ¢n geophysical logs.
The Bettineau, Tilston, and Frobiser-Alida
intervals have not been traced into the
central part of the Willisten basin.

CHARLES POPLAR

FACIES INTERVAL
(FORMATION)

RATCLIFFE

INT. MIDDLE
RIVAL

FROBISHER-
ALIDA
INTERVAL

Limestone, yellow brown to pink, fine§j fragmental, ocolitic and
pseudo-oolitic; intertonguing lenses of anhydrite and shaly
ESE353(|£3()) dolomitic limestone; increasingiy evaporitic eastward; Rival
subinterval at top is anhydrite and dolomitic 1imestone. "Madison Undifferentiated"” (term used in the
Includes the "X salt," the lowest Mississippian salt. central part of the Williston basin where
. ; geophysical log markers used for correlation
T|LST@N INT, [E== - = 3 : Limestone, pale yellowish brown to pink, dolomitic, fine- on the east side of the basin are absent):
2 ' ,;;Z P _:%; T2 2235()(-7()) grained to coarsely crystalline, oolitic and crinoidal, cherty; limestone, brownish gray to pale yellowish
¢ FLOSSEE LAKE \ anhydritic: minor gray shale. brown and light to medium gray, fine
i Limestone, dark gray to brown to pale orange or pinkish, fragmental, sucrosic to sublithographic, dense,
& argillaceous to cherty to doleomitic, gragmental, finely crystal- oolitic in part; some dolomite.
Eszs()(lsa()) line to granular, dense, vuggy to fine intergranular.

MISSISSIPPIAN

FACIES

MADISON

WHTEWATER LAKE
. VIRDEN
- SCALLION
[CARRINGTON MBR.

LODGE POLE
FACIES

BOTTINEAU
INTERVAL

shale, dark grav to red with green mottling. no calcareous, clayev. Present on eastern flank of basin onlv.

”0(35) shale, black, noncalcareous, carbonaceous, fissile, pyritic: gray, argillaceous dolomite in middle part; pebble
5 NESN\ conglomerate at base near basin margin,

- 3454

PALEOZOIC
KASKASKIA

BAKKEN
THREE FORKS 240(75) Siltstone and shale, grayish shades of red, green, %nd orange, interbedded and interlaminated, dolomitic,
- i[ I T : T ; anhydritic; sandstone (''Sanish Sand") locally at top, silty to fine graiped.
BIRDBEAR : — = u/—r?— |25(40) Limestone and some dolomite, light gray to medium brownish gray, thick bedded. tfinely crystalline, porous,
i - ; 7 : 5\\‘7 fossiliferousf anhydrite, brownish t@ medium grav. Called Niskn Fnrmntipn bv some.
JEFFE RSON i A e 1 Limestone, light brownish gray, rcrystalline to granular, dense; dolomite, gravish brown, microcrystalline to
DU!:PEROW . E 460('40) sucrosic, anhydritic, porogs and permeable; interbedded shale, siltstone;, sand, and cyclical evaporites.

"

SOURIS RIVER
DAWSON BAY

silty in part, interbeds of silt  shale, and evaporites. '"First Red" at base.

. - Limestone, gray to brown, dense, fossiliferous, cleyey, silty and sandy near the eastern limit; dolomite,
: |85(55) brown, microcrystalline to microgranular, anhydritic, porous. '"Second Red" at base.

=Y : = 3y

Eﬁ()()(sat)) Dolomite and limestone, liéht to dark grgy and brownish gray. crystalline to dense, anhydritic, clayey or

DEVONIAN MANITOBA

= Ll Evaporites: potassium and sodium salts interbedded with thin anhydrite beds; locally absent due to salt
PRAlR'E ﬁi’”\.;'?"’“_'L”fi'f’::'\""r'?‘?'f\'.;“.',"r'ﬁ:."c 500(150) solution; multiple sequence salt solution has resulted in development of complex structural features over
%%%Eﬁ%%%ﬁ?%?%%?ggﬂEgﬁi ‘ stratigraphically limited intervals. Three major potash beds recognized are the Montrail Member, Belle Plaine
7 74 bl .

TN ek v 27 Member. and Esterhazv Member.
ELK POINT o e s

e ‘1()()(':2()) Upper part: dolomite, reddish brown, shaly, anhydritic, crystalline, dense; has marked thickness variations due

WINNIPEGOSIS e : _L\*.f"'“l = to the development of reef and inter-reef facies. Lower part: limestone and dolomite, dark gray to brown,
; ==

dense, clavey to shaly.

; ——— : Shale, shades of red. white, and gr%en, thin bedded, dolomitic: locally breciated; locally anhydritic; 'Third
ASHERN | = . 75(28) L 5 ;
— 3951 —

UPPER L

£y = Z Upper part: dolomite and limestone, light brownish gray to light gray, finely crystalline, fragmental and

; iy i i e “00(335) microgranular, vuggy porosity; silty ‘and sandy near the base. Middle part: dolomite, light yellowish gray to
INTERLAKE e o e

= = Pale orange, microgranular and lithographic, fine to medium crystalline, cherty. Lower part: dolomite. light-
1 ] 1 . -
S“ UR'AN MIDDLE Sty S At . brownish gray to brownish gray, finely crystalline; thin anhydrite interbedding in central basin area.

LOWER =t

T
= =7 z . = . s £ < i - 1 . i I 3 ineg i 2! & 1 basin
' |20(35) Dolomite and limestone, light brownish gray, finely crystalline; thin anhydrite interbedding in centra
440 _ STONEWALL

STONY GUNTON : :
MOUNTAIN STOUGHTON

Gunton Member: dolomite, brownish gray to yellowish brown, finely crystalline, limy; limestone, dolomitic and
22()()((5()) fossiliferous; thin anhydrite in central basin area: sandy zones near the top. Stoughton Member: limestone
‘ and shale, dark grav, interbedded. fossiliferous, pyritic.

BIG HORN

Upper part: limestone and dolomite, mottled yvellowish to brownish gray, fragmental, argillaceous, anhydritic.
?OO(2|5) Lower part: limestone, mottled gray to pale brown, dolomitic, finely fossiliferous and fragmental, finely

RED RIVER

crvstalline. The porosity zones indicated range from less than 10 feet thick ("A") to as much as 70 feet
thick ("B

///, S)()(:St)) §iltstone, and sandstone, light gray, fine grained, calcareous; gradational into shale. greenish gray. sfilty.
. 4 calcareous.

ROUGHLOCK

TIPPECANOE

W|NN|PEG |CE BOX ' = |45 (45) Shale, greenish gray, splinterv to fissile. saxy noncalcareous: black phosphate nodules; some sand lenses-;.
) S i _ |-7()(55()) Sandstone, mottled light gray with clay, fine to medium grained, poorly sorted, well rounded, frosted, friable,
BLAC‘K ISLAND t ¢ ST quartzose; some pyrite. .

L y o
Limestone, sandstone, and shale. Limestone, light gray, fine to medium crystalline, dolomitic, sandy.
glauconitic; sandstone, slightly calcareous, quartzose, medium to coarse, well rounded, poorly cemented,
I()()()(:S()()‘ frosted, glauconitic and dolomitic in east; shale, gravish red to sreenish and medium gray, calcareous.

DEADWOOD

— 5004

SAUK

CAMBRIAM

= B5F0

Eastern North Dakota (Superior Province): greenschist and amphibolite facies, intermediate-mafic schists:
banded iron formation; stratched pebble conglomerate; metabasalt: serpentinite; felsic tuff: mylonite;
intermediate-felsic plutonic rocks; migmatite; layered gneiss.

UNKNOWN Western North Dakota (Churchill Province): greenschist and amphibolite facies schists: intermediate-felsic
plutonic rocks; diabase; amphibolite-granulite facies gneiss.

\
CHURCHILL \ SUPERIOR
PRECAMBRIAN PROVINCE \\ PROVINCE

4700
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