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INTRODUCTION

Many workers have extensively studied the geology in and around the Powder River Basin and
have published maps of the area (see “Sources of Geologic Data”). Differences in interpretation of
stratigraphy from one state or area to another have caused confusion in regional studies. Ellis
compiled this map to show a regional geologic overview of the area and to show how available geologic
maps fit together.

Where possible, we resolved inconsistencies in published geologic mapping along map boundaries
by using data from unpublished mapping, by personal communications with other researchers, and by
geologic interpretation of available information. In several areas of the map we could not resolve such
inconsistencies in mapping because of differences in the amount of map detail and differences in
stratigraphic correlation and nomenclature from one state or area to another. We left unresolved areas
of inconsistency to illustrate the need for further study in those areas.

In compiling the map Ellis maintained as much detail as possible. At the scale of 1:500,000 it was
necessary to generalize some formation contacts and combine map units in areas containing complex
geology. Map units that were too small to be shown at the scale of the map were omitted or combined
with adjacent units. Conventions for combining units and geologic nomenclature used on the map are
consistent with U.S. Geological Survey standards. In general, the most recent published maps
contained the most detailed and correct stratigraphic information.

Quaternary units were included where data were available, but small map units, including alluvial
deposits along small tributaries, were omitted, combined, or generalized. Much of the mapped
Quaternary geology in Montana is from unpublished mapping by R.B. Colton and others (several map
areas) and S.S. Agard (see “Sources of Geologic Data”).

The “Correlations of Map Units” show generalized time correlations between the map units and
are not meant to show detailed stratigraphic relationships. Detailed cross sections and correlation
charts are included in publications by James Fox (1991a,b,c,d), and in several other publications listed
in “Selected References.”

The “Selected References” are publications that we found useful for understanding the geology
of the study area. This list does not include all references for the Powder River Basin and surrounding
area.

In general, we did not use large scale geologic maps for compilation or as reference materials for
the map. However, in a few cases, large-scale, unpublished maps were used for information to resolve
inconsistencies along map boundaries.
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LIST OF MAP UNITS FOR NORTHWEST QUADRANT OF MAP
(WEST OF 106° W. LONG. AND NORTH OF MONTANA-WYOMING BOUNDARY)

Quaternary deposits

Qal Alluvium

Surficial deposits

Terrace deposits

Landslide deposits

Quaternary and upper Tertiary terrace deposits
Tertiary terrace deposits

Tertiary intrusive and extrusive igneous rocks

Wasatch Formation (Eocene)

Fort Union Formation (Paleocene)
Tongue River Member
Lebo Member
Tullock Member

Khth Hell Creek Formation and Fox Hills Sandstone, undivided (Upper Creta-
ceous)—Much of what has been indicated as Fox Hills by Lewis and Roberts
(1977) has been remapped as part of the Hell Creek Formation (Vuke-
Foster and Wilde, 1989-90)

Khe Hell Creek Formation (Upper Cretaceous)

Fox Hills Sandstone (Upper Cretaceous)

Lennep Sandstone (Upper Cretaceous)

Bearpaw Shale (Upper Cretaceous)

Pierre Shale (Upper Cretaceous)

Judith River Formation (Upper Cretaceous)—Locally includes Parkman Sand-
stone

Claggett Formation, Eagle Sandstone, and Telegraph Creek Formation,
undivided (Upper Cretaceous)

Claggett Formation (Upper Cretaceous)

Eagle Sandstone (Upper Cretaceous)

Telegraph Creek Formation (Upper Cretaceous)
Cody Shale (Upper Cretaceous)

Colorado Group (Upper Cretaceous)—Includes Niobrara Formation, Carlile
Shale, Greenhorn Formation, Belle Fourche Shale, and Frontier Formation.
May also include Mowry Shale, Muddy Sandstone, and Thermopolis Shale
in the far western part of the map area. In the Lewistown and Roundup
areas it includes Colorado Shale and may include Telegraph Creek
Formation

Niobrara Formation and Carlile Shale, undivided (Upper Cretaceous)
Niobrara Formation (Upper Cretaceous)

Carlile Shale (Upper Cretaceous)

Greenhorn Formation (Upper Cretaceous)

Frontier Formation (Upper Cretaceous)

Belle Fourche Shale (Upper Cretaceous)—Includes the Greenhorn Formation
in the Billings area

Mowry Shale (Upper Cretaceous) and Thermopolis Shale (Lower Cretaceous),
undivided

Mowry Shale (Upper Cretaceous)
Thermopolis Shale (Lower Cretaceous)

Muddy Sandstone, Skull Creek Shale, and Fall River Formation, undivided
(Lower Cretaceous)

Kootenai Formation and associated rocks (Lower Cretaceous)
Cloverly Formation (Lower Cretaceous)
Upper and Middle Jurassic rocks, undifferentiated

Ellis Group (Upper and Middle Jurassic)—Includes Swift (Upper Jurassic),
Rierdon (Middle Jurassic), and Piper (Middle Jurassic) Formations

Morrison Formation (Upper Jurassic)

Chugwater (Upper and Lower Triassic), Dinwoody (Lower Triassic), and
Phosphoria (Lower Permian) Formations, undivided

Pennsylvanian rocks, undifferentiated

Tensleep Sandstone (Upper and Middle Pennsylvanian) and Amsden
Formation (Middle and Lower Pennsylvanian and Upper Mississippian),
undivided—Previously described in some areas as Early Pennsylvanian in
age

Amsden Formation (Middle and Lower Pennsylvanian and Upper Missis-
sippian)—Near the south edge of the northwest part of the map. Previously
described in some areas as Early Pennsylvanian in age

Mississippian rocks, undifferentiated

Madison Group (Mississippian)—Includes Mission Canyon Limestone (Upper
and Lower Mississippian and Lodgepole Limestone (Lower Mississippian).
Locally may include part of the Big Snowy Group (Upper Mississippian)

Devonian and Ordovician rocks, undifferentiated

Bighorn Dolostone (Upper and Middle Ordovician)—Previously mapped as
Bighorn Dolomite. Redescribed as dolostone by Poole and others, 1992

Cambrian rocks, undifferentiated

Gallatin Limestone (Upper Cambrian)
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LIST OF MAP UNITS FOR NORTHEAST QUADRANT OF MAP
(EAST OF 106° W. LONG. AND NORTH OF MONTANA-WYOMING BOUNDARY)

Quaternary deposits
Qal Alluvium

Surficial deposits

Eolian deposits

Terrace deposits

Landslide deposits

Quaternary and Pliocene surficial deposits

Quaternary and Pliocene terrace deposits

Pliocene and Miocene terrace deposits

Miocene rocks, undifferentiated—May include some Pliocene and some
Oligocene rocks in North Dakota

Arikaree (Miocene) and Chadron (Oligocene) Formations, undivided—In
the southeastern part of this map quadrant, near Sheep Mountain

Arikaree Formation (Miocene)

Rimroad Formation (Miocene)—In the northwestern part of this map quadrant
White River Formation or Group (Oligocene)

Chadron Formation (Oligocene)—Included in Wasatch Formation in Wyoming

Golden Valley Formation (Eocene and Paleocene)

Fort Union Formation or Group (Paleocene)—In North Dakota it is the Fort
Union Group and consists of (from younger to older) the Sentinel Butte,
Tongue River or Bullion Creek, Slope, Ludlow, and Cannonball Formations.
Locally identified as Late Cretaceous in age in lowest part (Nichols, in press)

Sentinel Butte Member (or Formation)

Tongue River Member (or Formation)—Includes Bullion Creek Formation
in North Dakota

Lebo Member

Ludlow Member (or Formation)
Tullock Member

Slope Formation (Paleocene)

Cannonball Formation (Paleocene)

Khe Hell Creek Formation (Upper Cretaceous)

Kfh Fox Hills Sandstone (Upper Cretaceous)

Pierre Shale (Upper Cretaceous)

Niobrara Formation and Carlile Shale, undivided (Upper Cretaceous)
Niobrara Formation (Upper Cretaceous)
Carlile Shale (Upper Cretaceous)

Greenhorn Formation and Belle Fourche and Mowry Shales, undivided
(Upper Cretaceous)

Greenhorn Formation (Upper Cretaceous)

Belle Fourche Shale (Upper Cretaceous)
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LIST OF MAP UNITS FOR SOUTHEAST QUADRANT OF MAP
(EAST OF 106° W. LONG. AND SOUTH OF MONTANA-WYOMING BOUNDARY)

Quaternary deposits

Qal Alluvium—Includes colluvium in some areas

Surficial deposits

Eolian deposits

Terrace deposits

Landslide deposits—In the southern part of this map quadrant

Intrusive and extrusive igneous rocks—In the Black Hills in South Dakota

Quaternary and Pliocene surficial deposits—In the southern part of this map
quadrant

Tmo Miocene and Oligocene rocks, undifferentiated—Includes Hemingford

Group (Miocene) and Arikaree Formation (Miocene and Oligocene) in

Nebraska

Miocene rocks, undifferentiated

Ogallala Formation (Miocene)

White River Formation (Oligocene)—Includes Brule and Chadron Members

TWb Wagon Bed Formation (upper and middle Eocene)—In the southern part of
) ) this map quadrant
Tiwg | Intrusive and extrusive igneous rocks (Eocene and Paleocene)

Tw Wasatch Formation (Eocene and Paleocene)—Includes Moncrief Member
and Kingsbury Conglomerate Member. Locally identified as Eocene and
late Paleocene in age (Tschudy, 1976)

Wind River Formation (Eocene)—In the southern part of this map quadrant

Fort Union Formation (Paleocene)
Tongue River Member
Tongue River and Lebo Members, undivided

Lebo Member—May include Tongue River Member in the southern part of
the Powder River Basin

Tullock Member
| Slope Formation

Hell Creek Formation (Upper Cretaceous)

Lance Formation (Upper Cretaceous)

Fox Hills Sandstone (Upper Cretaceous)

Pierre Shale (Upper Cretaceous)

Mesaverde Formation (Upper Cretaceous)

Steele Shale (Upper Cretaceous)

Claggett Formation (Upper Cretaceous)—In the southwestern part of this
map quadrant

Cody Shale (Upper Cretaceous)

Niobrara Formation and Carlile Shale, undivided (Upper Cretaceous)
Niobrara Formation (Upper Cretaceous)

| Carlile Shale (Upper Cretaceous)

Greenhorn Formation and Graneros Shale, undivided (Upper Cretaceous)—
Along the east edge of the map in Nebraska

Greenhorn Formation (Upper Cretaceous)
Frontier Formation (Upper Cretaceous)
Greenhorn Formation and Belle Fourche Shale, undivided (Upper Cretaceous)

Greenhorn Formation and Belle Fourche and Mowry Shales, undivided
(Upper Cretaceous)

| Belle Fourche and Mowry Shales, undivided (Upper Cretaceous)

| Belle Fourche Shale (Upper Cretaceous)

| Mowry Shale (Upper Cretaceous)

Mowry Shale (Upper Cretaceous) and Thermopolis Shale (Lower Cretaceous),

undivided

Frontier Formation and Mowry Shale (Upper Cretaceous) and Thermopolis
Shale (Lower Cretaceous), undivided—Along the southern part of this
map quadrant

Newcastle Sandstone and Skull Creek Shale, undivided (Lower Cretaceous)

Skull Creek Shale and Inyan Kara Group, undivided (Lower Cretaceous)—
May contain some Morrison Formation (Upper Jurassic) in the central part
of the eastern Black Hills

Cloverly Formation or Inyan Kara Group in Black Hills (Lower Cretaceous),
Morrison (Upper Jurassic), Sundance (Upper and Middle Jurassic), and
Gypsum Spring (Middle Jurassic) Formations, undivided

Morrison Formation (Upper Jurassic)

Sundance (Upper and Middle Jurassic) and Gypsum Spring (Middle
Jurassic) Formations, undivided

Sundance Formation (Upper and Middle Jurassic)

Chugwater Formation (Triassic)

Spearfish Formation (Lower Triassic and Upper Permian)

Goose Egg Formation (Lower Triassic and Permian)

Paleozoic rocks, undifferentiated

Minnekahta Limestone and Opeche Shale, undivided (Lower Permian)

Minnelusa Sandstone, (Lower Permian and Pennsylvanian)

Permian and Pennsylvanian rocks, undifferentiated—Includes Minnelusa
Sandstone and Casper (Lower Permian and Upper and Middle Pennsyl-
vanian) and Hartville (Pennsylvanian) Formations

Permian, Pennsylvanian, and Mississippian rocks, undifferentiated

Mississippian and Devonian rocks, undifferentiated—Includes Pahasapa
Limestone (Lower Mississippian), Englewood Formation (Lower Mississippian
and Upper Devonian), and Guernsey Formation (Lower Mississippian and
Upper Devonian)

Whitewood Formation (Upper Ordovician)

Deadwood Formation (Upper Cambrian)—Previously mapped as early
Ordovician and late Cambrian

Precambrian rocks and dikes
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LIST OF MAP UNITS FOR SOUTHWEST QUADRANT OF MAP
(WEST OF 106° W. LONG. AND SOUTH OF MONTANA-WYOMING BOUNDARY)

Quaternary deposits

Qal Alluvium

Surficial deposits

Eolian deposits

Terrace deposits

Landslide deposits

Intrusive and extrusive igneous rocks—In the southwestern part of this map
quadrant

Quaternary and Pliocene surfical deposits—In the Bighorn Mountains

Quaternary and Pliocene terrace deposits—In the central area of this map
quadrant

Bug Formation (Pleistocene or Pliocene)—Northeast of the Granite Mountains

Sandstone and conglomerate (Pliocene, Miocene, and Oligocene)—North-
west of the Seminoe Mountains

Tertiary terrace deposits (Pliocene and Miocene)—In the northwestern part
of this map quadrant

Miocene rocks, undifferentiated

White River Formation (Oligocene)—Includes Brule and Chadron Members
Oligocene and (or) upper and middle Eocene rocks, undifferentiated
Intrusive and extrusive igneous rocks (Oligocene to middle? Eocene)

Ice Point Conglomerate (upper Eocene)

Wiggins Formation of the Thorofare Creek Group (upper ? and middle -
Eocene)

Wagon Bed Formation (upper and middle Eocene)
Tepee Trail Formation (upper ? and middle Eocene)
Bridger Formation (middle Eocene)

Aycross Formation (middle Eocene)

Green River Formation (middle and lower Eocene)

Crooks Gap Conglomerate (middle and lower Eocene)

Wasatch Formation (Eocene and Paleocene)—Locally identified as Eocene
and late Paleocene in age (Tschudy, 1976)

Tta Tatman Formation (lower Eocene)

Twl Willwood Formation (lower Eocene and upper Paleocene)—Basal 100 m
identified as Paleocene at Elk Creek, Big Horn County, Wyoming (Wing,
1984)

Battle Spring Formation (middle and lower Eocene and Paleocene)—Lower
part is Paleocene in age (Love, 1970)

Wind River Formation (lower Eocene)

Wind River and Indian Meadows Formations, undivided (lower Eocene)

Indian Meadows Formation (lower Eocene)
Fort Union Formation (Paleocene)

Tongue River Member

Tongue River and Lebo Members, undivided

Lebo Member—May include Tongue River Member in the southern part of
the Powder River Basin

Tullock Member
Hanna Formation (Paleocene)
Ferris Formation (Paleocene and Upper Cretaceous)

Lance Formation (Upper Cretaceous)—Locally, upper 4-7 cm is Paleocene in
age (Bohor and others, 1987)

Kmb Medicine Bow Formation (Upper Cretaceous)

Kim Lance Formation, Fox Hills Sandstone, Meeteetse Formation, Bearpaw and
Lewis Shales, undivided (Upper Cretaceous)

Kfh Fox Hills Sandstone (Upper Cretaceous)

Fox Hills Sandstone and Lewis Shale, undivided (Upper Cretaceous)

Fox Hills Sandstone and Bearpaw Shale, undivided (Upper Cretaceous)

Lewis Shale (Upper Cretaceous)

Meeteetse Formation (Upper Cretaceous)
| Meeteetse Formation and Lewis Shale, undivided (Upper Cretaceous)

Mesaverde Group or Formation (Upper Cretaceous)

Almond Formation of the Mesaverde Group (Upper Cretaceous)

Steele Shale and Niobrara Formation, undivided (Upper Cretaceous)
Steele Shale (Upper Cretaceous)

Niobrara Formation (Upper Cretaceous)

Cody Shale (Upper Cretaceous)

Cody Shale and Frontier Formation, undivided (Upper Cretaceous)—West
of the Seminoe Mountains

Frontier Formation, Mowry Shale (Upper Cretaceous), and Thermopolis
Shale (Lower Cretaceous), undivided

Frontier Formation (Upper Cretaceous)

Mowry Shale (Upper Cretaceous) and Thermopolis Shale (Lower Cretaceous),
undivided

Cloverly (Lower Cretaceous), Morrison (Upper Jurassic), Sundance (Upper
and Middle Jurassic), and Gypsum Spring (Middle Jurassic) Formations,

. undivided

| Cloverly (Lower Cretaceous), Morrison (Upper Jurassic), Sundance (Upper

and Middle Jurassic), and Gypsum Spring (Middle Jurassic) Formations

and Nugget Sandstone (Jurassic? and Upper Triassic?) undivided

Lower Cretaceous to Middle Pennsylvanian rocks, undifferentiated

Sundance (Upper and Middle Jurassic) and Gypsum Spring (Middle
Jurassic) Formations, undivided

Sundance Formation (Upper and Middle Jurassic)

Jurassic and Triassic rocks, undifferentiated—Includes Sundance and
Gypsum Spring Formations, Nugget Sandstone, and Chugwater Group

Chugwater Formation (Upper to Lower Triassic)

Chugwater (Upper to Lower Triassic) and Dinwoody (Lower Triassic)
Formations, undivided

Chugwater (Upper to Lower Triassic), Dinwoody (Lower Triassic), and
Goose Egg (Lower Triassic and Upper and Lower Permian) Formations,
undivided

Goose Egg Formation (Lower Triassic and Upper and Lower Permian)
Phosphoria Formation and related rocks (Lower Permian)

Paleozoic rocks, undifferentiated

Casper Formation (Lower Permian and Upper and Middle Pennsylvanian)

| Casper Formation (Lower Permian and Upper and Middle Pennsylvanian)
and Madison Limestone (Upper and Lower Mississippian), undivided

Tensleep Sandstone (Lower Permian and Upper and Middle Pennsylvanian)
and Amsden Formation (Middle and Lower Pennsylvanian and Upper
Mississippian), undivided

Madison Limestone (Upper and Lower Mississippian) and Darby Formation
(Lower Mississippian and Upper Devonian), undivided

Madison Limestone (Upper and Lower Mississippian)

Madison Limestone (Upper and Lower Mississippian), Darby (Lower
Mississippian and Upper Devonian), Three Forks, or Jefferson Forma-
tions (Upper Devonian), Beartooth Butte Formation (Lower Devonian),
and Bighorn Dolostone (Upper and Middle Ordovician), undivided—
Along the western edge of this map quadrant

Madison Limestone (Upper and Lower Mississippian) and Bighorn Dolostone
(Upper and Middle Ordovician), undivided—In the central part of this
map quadrant

Ob Bighorn Dolostone (Upper and Middle Ordovician)—Previously mapped as

) Bighorn Dolomite. Redescribed as dolostone by Poole and others, in press

0,3 Bighorn Dolostone (Upper and Middle Ordovician), Gallatin Limestone
(Upper Cambrian), Gros Ventre Formation (Upper and Middle Cambrian),
and Flathead Sandstone (Middle Cambrian), undivided

Cambrian rocks, undifferentiated—Includes Gallatin Limestone, Gros Ventre
Formation and equivalent rocks, and Flathead Sandstone

Precambrian rocks, undifferentiated

Contact—Dotted where concealed. Scratch boundaries are shown where there
was a significant discrepancy in adjacent maps by different authors
—t—=— Fault—Ball and bar on downthrown side; dashed where approximately located;
dotted where concealed; arrows show relative horizontal movement
—A——A— Thrust fault— Sawteeth on upper plate; dashed where approximately located;
dotted where concealed
—4——:“— Anticline— Showing axis and direction of plunge; dashed where approximately
‘ located; dotted where concealed
—4—?— Syncline— Showing axis and direction of plunge; dashed where approximately
located; dotted where concealed

_!7 Monocline— Showing trace and direction of plunge
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