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Figure 5. Crustal formation-age provinces based on neodymium isotopic ages. Labeled provinces are those referred to in the
text by name. Modified from Nelson and DePaolo (1985) and Tonnsen (1986).

been interpreted as either epicratonic troughs (Dickinson,
1981) or aulacogens (Howell and Schermer, 1983).

Rifting affected the crust as far east as the Powder
River Basin and broke the continental margin into a series
of block-faulted sub-basins and uplifts, probably along
still older structures. Erosion prior to or accompanying

rifting may have removed Proterozoic sedimentary rocks
from most of the northern Great Plains; “Eocambrian”
rocks of the eastern Black Hills are a remnant of this
sequence (Peterson, 1984). Rifting of the western margin
corresponds roughly in time with the Avalonian-Cadomian
orogenic cycle (670-550 Ma) along the eastern margin of
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the United States (Murphy and Nance, 1989). The mio-
geocline contains the most complete record of early Paleo-
zoic sedimentation along the western margin of the craton.
The miogeocline and the Williston Basin were the only
sites of deposition during times of regression.

A broad area in western Wyoming, apparently a south-
ern extension of the Peace River arch and the Alberta
shelf, and roughly centered about the Wasatch hinge line,
was uplifted intermittently from Middle Ordovician
through at least Early Mississippian time. I refer to this
area as the Wyoming arch (fig. 5).

The Williston Basin is north-northeast of the present-
day Powder River Basin in eastern Montana, North
Dakota, and northern South Dakota and extends northward
into Saskatchewan and Manitoba. The Black Hills and the
Miles City arch separate the northern part of the Powder
River Basin from the southern Williston Basin. The Miles
City arch was a broad, gentle anticlinal structure during
most of the Phanerozoic. Throughout most of the early
Paleozoic, the area of the Powder River Basin was struc-
turally part of the Williston Basin and was within a broad,
almost featureless continental shelf, commonly called the
Wyoming shelf (Eardley, 1962, p. 58).

The Williston Basin may have begun to form as early
as the Late Cambrian or Early Ordovician (LeFever and
others, 1987; Peterson and MacCary, 1987) and continued
to subside intermittently through the Jurassic (Kent, 1987).
Tenney (1966) and Peterson (1978, 1980a, 1984) con-
cluded that the Black Hills and its southern extension, the
Chadron arch, grew during the late Paleozoic. Maughan
and Roberts (1967), however, suggested that the Black
Hills was probably a structural feature that had only minor
relief during late Paleozoic time. Peterson and MacCary
(1987) suggested that the Black Hills—Chadron arch struc-
tural trend may have influenced the distribution of Missis-
sippian and perhaps earlier Paleozoic sedimentary facies.
The present study suggests some structural influence at
least as early as the Ordovician. Brown (1978) showed
some evidence for Cambrian, Devonian, and Mississippian
paleostructural movement on the Miles City arch. From its
inception, the Williston Basin was the major structural
feature determining the depositional patterns within the
northern Great Plains region, including the Powder River
Basin area. The Williston Basin contains the most com-
plete record of early Paleozoic sedimentation between the
miogeocline and the Transcontinental arch.

The persistent subsidence of the Williston Basin is
enigmatic. The Williston Basin began to subside as an
intracratonic sag no later than late Tremadocian (early
Early Ordovician) and possibly as early as Late Cambrian
time (LeFever and others, 1987) and continued to subside
through Jurassic time, seemingly little influenced by tec-
tonic interactions along the distant continental margins. By
earliest Early Ordovician time, the Williston Basin exerted
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a strong influence on the Powder River Basin area (Kent,
1964). Many explanations have been offered for the per-
sistence of Williston Basin subsidence; in one of the most
recent, Ahern and Mrkvicka (1984) modeled the basin as
resulting from thermal contraction of the lithosphere.

The southern margin of the craton, the Ouachita mar-
gin, also played a role in controlling early Paleozoic depo-
sition in the Powder River Basin area. Late Cambrian and
Early Ordovician rifting created a passive margin along
the southern margin of the continent. Doming prior to rift-
ing and thermal subsidence following rifting probably
affected areas as far north as the present-day Powder
River Basin, Wrench faulting associated with subduction
along the Quachita margin probably affected sedimenta-
tion in at least Mississippian time, and collision along the
margin brought early Paleozoic sedimentation to a close in
Late Mississippian or Early Pennsylvanian time (Kluth
and Coney, 1981; Kluth, 1986). Pre-Late Devonian and
Early Pennsylvanian to Permian erosion has removed most
of the sedimentary rocks from the Transcontinental arch
and destroyed much of the evidence linking events of the
Ouachita margin to the Powder River Basin area.

STRATIGRAPHIC SEQUENCE ONE—
MIDDLE CAMBRIAN THROUGH
LOWER ORDOVICIAN ROCKS

The oldest stratigraphic sequence in the Powder River
Basin area includes rocks of Middle Cambrian through
Early Ordovician age (figs. 6, 7). Deposition of this
sequence in the Powder River Basin area began with an
initial Middle Cambrian transgression and ended with an
Early Ordovician regression (Lochman-Balk, 1960). The
Cambrian-Ordovician boundary is conformable near the top
of the sequence in the central and northern Bighorn Moun-
tains, in the northern Black Hills, and in the subsurface
farther north (Lochman-Balk and Wilson, 1967), although
erosion has locally removed the youngest beds of the
sequence.

Cambrian through Early
Ordovician Regional Tectonics

Stratigraphic sequence one represents deposition on a
broad shelf that formed during late Precambrian rifting of
the western continental margin. A carbonate rim developed
within the Cordilleran miogeocline on the west (Aitken,
1968, 1978, 1981a, b), and by the end of the Early
Ordovician the continental shelf extended eastward into the
upper Mississippi Valley (Lochman-Balk, 1972) (figs. 8, 9).

Thermal subsidence of the western margin of the conti-
nent directly controlled deposition of the Middle Cambrian
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Figure 13. Configuration of basement of study area at end of stratigraphic sequence one (Cambrian and Lower Ordovician) based on subsurface control. Map area shown

in figure 3. Data modified from Downey (1982).
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Flathead Sandstone

The base of the Phanerozoic section in the Powder
River Basin area is the Flathead Sandstone (fig. 6, pl. 2).
The Flathead or its stratigraphic equivalent is present in all
boreholes that penetrate the sequence except well 48, cross
section E~E’ (pl. 2). In well 48, the lower part of this
interval is calcareous, glauconitic shale similar to the
rocks that overlie the Flathead throughout most of the
study area. Bell (1970), Bell and Middleton (1978), and
Middleton and others (1980) discussed the sedimentology
and stratigraphy of the Flathead Sandstone in Wyoming.

The Flathead Sandstone and equivalent rocks are
transgressive and range in age from early Middle Cam-
brian in the Wind River Canyon, Wyoming, west of the
Powder River Basin, to earliest Late Cambrian (early
Dresbachian) at Deadwood, South Dakota, in the Black
Hills to the east (Lochman-Balk, 1972) (figs. 6, 8). The
upper part of the Flathead in the Wind River Basin, Wyo-
ming, and near Rawlins, Wyoming, is about the same age
as the middle or lower part of the Park Shale of western
Wyoming (Shaw and DeLand, 1955), within the Bolaspi-
della Zone of Lochman-Balk (1972). Throughout the
study area, the Flathead and its equivalents are approxi-
mately equivalent to the Pika and Arctomys-Waterfowl
cycles (Aitken, 1981) as a sandy, basal, transgressive
member. An isotopic age of about 550 Ma from presumed
authigenic glauconite in the Flathead Sandstone of Mon-
tana also suggests a Middle Cambrian age (Chaudhuri and
Brookins, 1969).

Isopach Map

The isopach map of the Flathead Sandstone (fig. 14) in
the Powder River Basin area has a predominantly north-
west-southeast grain. The Flathead is thin in the present-
day Powder River Basin area along the Powder River arch
(fig. 5) and thicker to the east along the trend of the Black
Hills and the Miles City arch. The Flathead appears to
thicken in two distinct basins to the northeast and to the
southwest along the trend of the Cedar Creek anticline.
The western edges of these basins generally parallel the
western margin of the Williston Basin.

In the present-day Big Snowy Mountains area, north-
west of the Powder River Basin, the Flathead Sandstone
thickens westward of the intersection of the Lake Basin
fault trend and the Flat Willow Creek syncline. In the area
of the Flat Willow Creek syncline, the Flathead thins rap-
idly eastward and may be absent in places. The abrupt
change in thickness suggests that the Flat Willow Creek
syncline-Devils Basin anticline trend defined the western
edge of the Powder River arch (fig. 5) during the Middle
and Late Cambrian.

The Flathead also thickens to the west of the Powder
River arch (fig. 5) in the area of the Permian Sweetwater
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trough (the proto-Sweetwater trough of this report; figs. 1,
14). North of the proto-Sweetwater trough, near the cen-
tral part of the Powder River Basin, a broad area of thin
Flathead Sandstone is present where the Sweetwater crest
intersects the southern Powder River arch. The subcrop
pattern of the Flathead Sandstone and succeeding deposits
is the result of erosion along the northern flank of the
Transcontinental arch prior to Mississippian time.

Regional Lithology and Stratigraphy

Parkinson (1958) and Bell (1970) have done the only
detailed mineralogical analysis of the Flathead Sandstone
in Wyoming. The unit is made up of generally more than
90 percent quartz grains having rounded detrital cores sur-
rounded by overgrowths probably derived from pressure
solution. Feldspar is generally more abundant at the base
of the formation where it may make up 25 percent of the
rock; orthoclase and microcline are dominant. Feldspar
grains are subangular and generally altered to sericite
along the edges. Euhedral authigenic feldspar is present
locally. Calcite cement is present in minor amounts filling
pores and replaces both framework grains and quartz
cement. Hematite and clay also are present in pore spaces
and around detrital grains. Minor constituents include
lithic fragments (granite, chert, and quartzite), biotite,
muscovite, tourmaline (green, brown, and blue), zircon,
ilmenite, anatase, and rutile.

Shaw (1957) suggested that the fining-upward basal
arkosic sandstone of the Flathead is of fluvial origin.
Lochman-Balk (1972) interpreted the Flathead Sandstone
to represent braided-stream(?), foreshore, upper shoreface,
and subtidal to intertidal deposition on a Precambrian sur-
face that probably had relief of 300400 ft (91-122 m).
The only fossils, other than trace fossils, recovered from
the Flathead Sandstone are inarticulate brachiopods (Lin-
gulepis sp.) (Miller, 1936, p. 119; Shaw, 1957; Bell and
Middleton, 1978). Trace fossils in the Flathead Sandstone
include Scolithos (Boyde, 1966, Wind River Canyon),
Diplocraterion, Corophioides, Corophium, and Cruxiana
(Bell, 1970), and Sabellarifex, Phycodes, and Plagiogmus
(Cloud and Dever, 1973).

In the Wind River Basin, Bell and Middleton (1978)
distinguished two units of the Flathead based primarily on
the type of stratification. The lower unit is a crossbedded,
medium-grained, clean sandstone (texturally mature ortho-
quartzite) that is commonly well cemented on outcrop.
The unit is locally shaly or conglomeratic at the base and
is transitional in a few localities to a highly weathered
regolith developed on top of the Precambrian. The cross-
stratified unit is 0-200 ft (0-61 m) thick, mainly as a
function of pre-Flathead topography, and is cut by large
channels. The upper, parallel-stratified unit is coarse- to
fine-grained, moderately clean sandstone (submature
orthoquartzite) at the base grading upward to interbedded















Gros Ventre Range to 607 ft (I85 m) in thickness in the
Snake River Range and consist primarily of greenish-gray
shale and flat-pebble conglomerate and interbeds of green
glauconitic or red hematitic sandstone, as well as red
shale, hematitic oolite (in the Gros Ventre and Teton
Ranges), and black shale (in the upper part, in the Gros
Ventre and Teton Ranges). The Wolsey of western Wyo-
ming is thickest in the Snake River Range, where it lacks
sandstone and the strongly colored red, green, or black
shale but contains more than 70 beds of blue-gray lime-
stone totalling almost 300 ft (91 m) (Wanless and others,
1955). This lithology suggests an eastward expansion of
the carbonate rim (Aitken, 1978). Similar limestone
sequences are present in the Little Rocky Mountains
(Deiss, 1936, p. 1276).

In the Wind River Basin, the Depass Formation
(Miller, 1935, 1936) is equivalent to the upper part of the
Meagher and the lower part of the Park Shale (fig. 6) and
shows younging of the base from west to east across cen-
tral and eastern Wyoming (Lochman-Balk, 1972). In the
northwestern Wind River Basin, the Meagher equivalent
(the Death Canyon Limestone of the Gros Ventre Group
of Shaw, 1957) is interpreted as deposited on a stable
shelf dotted by marine banks and shoals (Lebauer, 1965).

Park Shale and Pilgrim (Du Noir) Limestone Equivalent

The third interval of Cambrian to Lower Ordovician
rocks in the Powder River Basin is equivalent to the Park
Shale and Pilgrim Limestone (fig. 6, pls. 1, 2) and repre-
sents deposition of the Pika and the Arctomys-Waterfowl
grand cycles of the Canadian Cordillera and the lower part
of the Sullivan-Lyell grand cycle.

Weed (1899a, 1899b, 1900) named the Park Shale and
Pilgrim Limestone (fig. 6) but did not designate type sec-
tions. Deiss (1936) emended the original definitions and
designated a type section for the Park Shale in the Little
Belt Mountains and redefined the Pilgrim Limestone as
the basal formation of the Upper Cambrian in Montana
and Yellowstone Park. Dorf and Lochman (1940), Loch-
man (1950), Sloss and Moritz (1951), Shaw and McGrew
(1954), Lochman-Balk (1956), Klepper and others (1957),
Richards (1957), Hanson (1962), Knopf (1963), Robinson
and Barnett (1963), and Martin and others (1980) all stud-
ied the Park-Pilgrim equivalent interval in areas surround-
ing the Powder River Basin.

On the Wyoming shelf, the basal Park Shale represents
the Pika cycle (fig. 6). The Pika cycle in the southern Cana-
dian Rocky Mountains is within the lower (but not lower-
most) Bolaspidella Zone, and the Middle Cambrian—Upper
Cambrian boundary is either very near the top of the shale
half-cycle (the Arctomys) or within the carbonate half-
cycle (the Waterfowl) (Aitken, 1981a). The Park Shale may
be the temporal equivalent of the Pika and most, if not all,

of the Arctomys-Waterfowl cycles of Aitken (1981b). The
Park Shale rests with apparent conformity on the Meagher
Limestone and represents part of a tidal mudflat deposited
following the post-Meagher Limestone regression (Martin
and others, 1980). Like the Pika cycle in the Canadian Cor-
dillera, the Pika cycle on the Wyoming shelf is incom-
pletely developed. In the Canadian Cordillera, the Pika
cycle shows incomplete development of the shale half-
cycle, and the lower part of the Park Shale on the Wyoming
shelf shows analogous poor development of the carbonate
half-cycle; thus this cycle may have involved only a small
eustatic sea-level change. A second possible interpretation
is that the lower shale and middle calcareous members of
the Park Shale represent the Pika cycle on the Wyoming
shelf, and the base of the upper member represents the
overlying Waterfowl cycle. Dating of the Park Shale, how-
ever, is insufficiently accurate to discriminate between
these two possible interpretations.

The upper part, and possibly the middle part, of the
Park Shale and basal Pilgrim Limestone are equivalent to
the Arctomys-Waterfowl cycle of the Canadian Cordillera
(fig. 6). The Arctomys-Waterfowl cycle shows the devel-
opment of evaporative conditions, marked by salt clasts
and vugs after gypsum, indicative of a shallow basin dur-
ing the shale half-cycle within the Canadian trough,
although the carbonate half-cycle does not suggest hyper-
saline conditions. The high intertidal or supratidal deposits
of the upper part of the Park Shale on the Wyoming shelf
(Martin and others, 1980) probably represent basin filling.
The high content of coarser detrital sediments in the Arc-
tomys-Waterfowl cycle suggests a major regression at the
beginning of the Arctomys-Waterfowl cycle (Aitken,
1966; Pugh, 1971).

The upper part of the Pilgrim Limestone was deposited
during the beginning of the Sullivan-Lyell cycle (fig. 6).
The Sullivan cycle began with a rapid transgression onto
the shelf following a regression at the end of the Water-
fowl cycle. As the influx of terrigenous clastics dimin-
ished the carbonate shoal to the west was reestablished,
and during the maximum transgression a broad carbonate
shoal complex developed to the west of the interior basin.

The Sullivan-Lyell cycle on the Wyoming shelf may
be made up of two cycles rather than a single cycle as in
the Canadian Cordillera (fig. 6). Available dating
(primarily summarized by Lochman-Balk, 1972) suggests
that the Waterfowl-Sullivan boundary in the Canadian
Cordillera is within the Pilgrim Limestone on the
Wyoming shelf. The unconformity at the top of the Pil-
grim Limestone (Lochman-Balk, 1972) is within the
Lyell Formation of the Canadian Cordillera. This uncon-
formity is just below the top of the Dresbachian Dunder-
bergia(?) Zone (Lochman-Balk, 1972) and near the
middle of the Lyell carbonate-half cycle of the Sullivan-
Lyell cycle. At about this horizon, a clastic tongue that
extends into the Lyell (Aitken, 1978, 1981a, b) may
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correspond to the hiatus developed on the Wyoming
shelf. The unconformity between the Dresbachian and
Franconian sections on the Wyoming shelf suggests that
the shelf was a high during this interval, whereas sedi-
mentation was continuous in the areas to the north and
south. An unconformity between the Park Shale and the
base of the Pilgrim Limestone in the northwestern Wind
River Basin (Martin and others, 1980) suggests a short,
possibly local, tectonic disturbance within the central part
of the Wyoming shelf that may be related to the apparent
uplift that followed deposition of the Pilgrim elsewhere.
The Dry Creek Shale and the basal Sage Limestone
Members of the Snowy Range Formation may, therefore,
represent a subcycle within the Sullivan-Lyell grand
cycle. The whole grand cycle would be capped by the
basal Open Door Limestone and its equivalents.

All or part of the Aphelaspis Zone is missing in many
places in southwestern Wyoming because of a short but
widespread interval of erosion in post-Aphelaspis time
(Shaw and DeLand, 1955). The post-Aphelaspis unconfor-
mity also is present in the Philipsburg quadrangle of Mon-
tana between the Hasmark Dolomite and the Red Lion
Formation, in the Bridger Range between the Pilgrim
Limestone and Snowy Range Formation, in Death-Teton
Canyons between the Du Noir and Open Door Formations,
in Wind River Canyon between the Du Noir Limestone
and Snowy Range Formation, and at Deadwood, South
Dakota, between the upper and lower members of the
Deadwood Formation. All three Dresbachian faunal zones
(Cedaria, Crepicephalus, and Aphelaspis) are present
within the Pilgrim Limestone in the Yellowstone Park area
(Deiss, 1936), in southern Montana (Dorf and Lochman,
1940), and in southwestern Wyoming (Shaw and DeLand,
1955). The hiatus between the upper and lower parts of
the Sullivan-Lyell cycle (fig. 6) has not been recognized
in the Little Rocky Mountains in the Emerson Formation,
in Glenwood Canyon, Colorado, or within the Big Snowy
Mountains in the Central Montana trough (Lochman-Balk,
1972); this suggests that the Wyoming shelf was a rela-
tively positive area during Dresbachian-Franconian time
(Brown and others (1984) did not note this) but that depo-
sitional patterns were complicated by local structural
movements.

Isopach Map

Within the Powder River Basin area the Park Shale-
Pilgrim Limestone equivalent interval is as much as about
220 ft (67 m) thick in the east-central part of the basin,
just to the west of the Montana-North Dakota—South
Dakota State lines and more than 280 ft (85 m) thick in
the western part of the basin area. In the southeastern
Williston Basin the Park-Pilgrim equivalent interval is
more than 220 ft (67 m) thick (fig. 16). Both the Powder
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River arch (fig. 5) and the proto—Sweetwater trough (fig.
1) probably strongly influenced the distribution of rocks of
the Park-Pilgrim equivalent interval.

Regional Lithology and Stratigraphy

At the type section in the eastern Little Belt Moun-
tains, the Park Shale is at least 212 ft (65 m) thick, but its
base is not exposed (Deiss, 1936). Its maximum thickness
in the type area is estimated to be about 330 ft (101 m) on
Keegan Butte in the Little Belt Mountains, and the forma-
tion averages about 100 ft (30 m) thick throughout Madi-
son and Gallatin Counties, Montana (Robinson and
Bamett, 1963), where it is dominantly green-gray, very
fissile, almost unfossiliferous, slightly micaceous shale
(Deiss, 1936). The Pilgrim Limestone (fig. 6) is thick- and
thin-bedded, light- and dark-gray, crystalline to fine-
grained, irregularly bedded. limestone containing variable
amounts of irregularly disseminated tan and buff clay;
interbedded limestone in 2-20-in. (51-508 mm)-thick beds
is gray-green, tan, and maroon, shaly lithographic lime-
stone flat-pebble conglomerate. From its type area, the Pil-
grim Limestone thins southwestward from a maximum
thickness of 661 ft (201 m) in the Big Snowy Mountains
to 172 ft (52 m) on Crowfoot Ridge in Yellowstone Park
(Deiss, 1936). In Montana north of Yellowstone Park,
Hanson (1957) considered the Pilgrim Limestone essen-
tially Dresbachian in age and overlain by the Red Lion or,
locally, the Middle and Upper Devonian Maywood For-
mation. The Pilgrim comprises four rock types: limestone
conglomerate; crystalline limestone; oolitic limestone,
some of which has distinctive mottling; and dolomite.
Because Lochman and Duncan (1944) drew the Park-
Pilgrim boundary to coincide with the Middle Cambrian-
Upper Cambrian boundary, Hanson (1952) redefined the
boundary and drew it to conform with the lithologic
change from shale to limestone. In the area east and south-
east of Livingston, Montana, Richards (1957) described
the Pilgrim Limestone as 175 ft (53 m) thick and the first
cliff-forming unit above the Precambrian. The lower-
middle and upper parts of the Pilgrim are the beds Peale
(1893) called “Mottled limestone” in the Gallatin Forma-
tion of his Three Forks section (Deiss, 1936).

In the Centennial Range, in southwestern Montana, the
Park Shale is 125 ft (38 m) of shaly beds that rest
conformably and transitionally on the Meagher Limestone
(Sloss and Moritz, 1951). In the western and southern part
of Montana, the lower-middle and upper parts of the
Pilgrim Limestone consist of massive, thick-bedded, finely
crystalline, gray limestone that is oolitic and mottled drab
tan or buff.

In the southern Elkhorn Mountains, Klepper and oth-
ers (1957) measured 380-510 ft (116-155 m) of Pilgrim
Dolomite and divided the formation into three members:
a lower unit, about 50 ft (15 m) thick, of principally















color change from yellowish- to gray-green also suggests
a change from more oxidizing to more reducing condi-
tions. The base of the Grove Creek is predominantly lime-
stone pebble conglomerate that grades upward to platy
dolomite. In southwestern Montana, the thickness of the
Grove Creek Member ranges from 20 to 47 ft (6-14 m)
and averages 35 ft (11 m) (Dorf and Lochman, 1940).
Well-rounded, greenish-coated limestone pebbles having
very little or no limestone matrix dominate the conglomer-
atic limestone facies of the Grove Creek. The variable
thickness of the Grove Creek is attributed to pre-Bighorn
Dolomite erosion and variation in the amount of clastics in
the Grove Creek. The Grove Creek is primarily Trempea-
leauan in age and contain Eurekia Zone trilobite fauna in
the Beartooth Range of south-central Montana and north-
ern Wyoming and a Scaevogvra Zone fauna in at least
some sections (Dorf and Lochman, 1940). Symphysurina
in the Pryor and Bighorn Mountains (Shaw, 1954) and a
Bellefontia Zone fauna (Lochman and Duncan, 1950)
within the Grove Creek of central Montana and extreme
northeastern Wyoming indicate an Early Ordovician age.

In the Wind River Basin (fig. 1), green shale at the
base of the Open Door Limestone (fig. 6) is interpreted as
epeiric lagoonal deposits (Martin and others, 1980). Most
of the limestone of the Open Door is thought to represent
local shallow-subtidal environments (Irwin, 1965) between
a higher energy strandline and a more seaward low-energy
zone below effective wave base. The rippled and thinly
laminated sediments in the Open Door Limestone were
deposited in small, very shallow intertidal lagoons under
the influence of wind-generated waves. The thick biotur-
bated units that dominate the Open Door Limestone are
thought, however, to represent shallow-subtidal shelf dep-
osition as the strandline migrated farther inland in
response to transgression. Late Cambrian deposition is
interpreted to show gradual shallowing of the lagoons at
the end of the last Cambrian transgression (Martin and
others, 1980).

An erosion surface beneath the Lander Sandstone
Member of the Bighorn Dolomite is evident in all sec-
tions, and erosion has stripped the Open Door down to its
oldest Franconian beds in most western Wyoming sections
(fig. 6). A 5-10-ft (1.5-3 m)-thick dark-red-stained weath-
ering band on top of the Open Door marks the top of the
Cambrian section (Shaw and DeLand, 1955).

Deadwood Formation

In the Black Hills and eastern Powder River Basin, the
base of sequence one is the Deadwood Formation, which
has been divided into four units (Lochman-Balk, 1972).
The basal member of the Deadwood contains, in ascend-
ing order, the Cedaria, Crepicephalus, and Aphelaspis
Zones, which are the equivalents of the Waterfowl to

lower Sullivan-Lyell subcycles (fig. 6). The second mem-
ber contains the Elvinia Zone and a thin zone containing
Conaspis fauna and represents the upper part of the Sulli-
van-Lyell and the lower part of the Bison Creek cycles.
Much of this interval is shale, limestone, and the charac-
teristic limestone-pebble conglomerate. Glauconitic beds
also are present in this member. The third member con-
tains the Prosaukia, Ptychaspis and Saukia Zones, equiva-
lent to the upper part of the Bison Creek-Mistaya and the
lower part of the Survey Peak cycles. The fourth unit of
the Deadwood in the Black Hills is Lower Ordovician
sandstone (the Scolithus, or Scolithos beds) that corre-
sponds to the Survey Peak cycle, with Zone G (Ross,
1957) possibly a part of the Outram-Skoki cycle.

Lochman-Balk and Wilson (1967) reviewed trilobite
and brachiopod fauna of the Deadwood Formation and
assigned a Dresbachian (Dunderbergia? Zone) age to the
base. They also noted fossils of the Cambrian Elvinia,
Conaspis, Ptychaspis-Prosaukia, and Saukia Zones (Fran-
conian and Trempealeauan age), as well as fossils of the
Lower Ordovician trilobite Zones A, B, C, D, E, and G (of
Ross, 1951).

Darton (1901) named the Deadwood Formation (fig. 6,
pls. 1, 2) in the Black Hills, South Dakota, and considered
it to be Cambrian in age, although he gave no basis for the
age assignment. Near Deadwood, South Dakota, Jagger
(1904) divided the Deadwood Formation of the Williston
Basin into five units (in ascending order): 0-30 ft (0-9 m)
of conglomerate; 30 ft (9 m) of shale and limestone;
200400 ft (61-122 m) of shale, flaggy limestone, and
sandstone; 5-12 ft (1.5-3.7 m) of Scolithos sandstone; and
2040 ft (6-12 m) of shale overlain by the Whitewood
Limestone. At the type locality, Darton (1909) described
404 ft (123 m) of Deadwood Formation divided into six
units and listed fossils from the formation. Darton and
Page (1925) revised the upper contact in the Black Hills to
include a buff and gray sandstone bed that Darton (1909)
had previously assigned to the basal part of the overlying
Whitewood Limestone. Condra and others (1931) and
Meyerhoff and Lochman (1934, 1935, 1936) extended the
name southward in the subsurface of northwestern
Nebraska on the Chadron arch and assigned a Late Cam-
brian age to the unit based on trilobites. In Spearfish Can-
yon in the Black Hills, Lochman (1950) assigned an Early
Ordovician age to the upper part of the Deadwood Forma-
tion based on trilobites.

McCoy (1952) excluded the Scolithos sandstone from
the top of the Deadwood at the type locality and in nearby
areas of the northern Black Hills. He named the Scolithos
sandstone of previous authors the Aladdin Sandstone,
which he considered conformable with the underlying
Deadwood Formation. Butler and others (1955) excluded
the Scolithos sandstone of Jagger (1904) from the Dead-
wood and included it within the overlying Whitewood
Formation.
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In the Williston and Powder River Basins, Ross (1957)
considered the Deadwood-to be as thick as 350 ft (107 m)
and to contain a middle Early Ordovician trilobite fauna
without an apparent break with the Late Cambrian fauna
beneath; he conjectured that the Aladdin Sandstone of
McCoy was part of the Deadwood Formation of subsur-
face usage. Carlson (1958) abandoned the name Aladdin
Sandstone and included the Scolithus sandstone in the
Deadwood, as did Fuller (1961).

Mickelson and Kulik” (1963) divided the Deadwood
Formation of the northern Black Hills area into four litho-
logically distinct members. The basal member is massive
buff sandstone and conglomerate that locally contains bur-
rowed micaceous siltstone and sandstone, laminated sand-
stone and siltstone pebble conglomerate, and thin beds of
calcarenite. Glauconite is present in some beds. The sec-
ond member is mainly shale, limestone, and limestone
pebble conglomerate. Glauconitic beds also are present in
this member. The third member is red and red-brown lam-
inated sandstone and siltstone, pebble conglomerate, mas-
sive sandstone, and burrowed sandstone. At the top of the
member is a limestone and limestone pebble conglomerate
unit. A Lower Ordovician sandstone (the Scolithus sand-
stone) is the fourth Deadwood unit (Mickelson and Kulik,
1963); it conformably overlies the uppermost Cambrian
rocks and shows that deposition was continuous through
Canadian time (Gries and Tullis, 1955).

Collier and Cathcart (1922) extended the name Dead-
wood Formation into the Little Rocky Mountains area.
They described the Deadwood as thin-bedded limestone,
shale, sandstone, and intraformational conglomerate 800 ft
(244 m) thick, lying below the Bighorn Dolomite. Knech-
tel and others (1944) did not use the name Deadwood in
the Little Rocky Mountains and substituted the names (in
ascending order) Flathead Sandstone, an unnamed princi-
pal unit, and Dry Creek Shale. Knechtel (1956) also did
not use the name Deadwood in the Little Rocky Moun-
tains and substituted the names Flathead Sandstone and
Emerson Formation. He considered the Flathead and
Emerson to be at least 538 ft (164 m) thick and closely
comparable in age but not lithology to the Deadwood For-
mation as restricted by McCoy (1952).

Condra and others (1940) applied the name Deadwood
to the lower 5 ft (1.5 m) of what had been part of the
Guernsey Formation in the Hartville uplift. In the present
report, however, these rocks are considered to be part of
the Mississippian depositional sequence and not correla-
tive to the Deadwood Formation.

The Deadwood Formation is the result of a fluctuating
shoreline associated with offshore bars, lagoons, beaches,
and tidal flats on an embayed coastline developed during
the initial transgression in Cedaria time. A minor regres-
sion began in the Crepicephalus Zone and continued into
the overlying Aphelaspis Zone. Downwarping of the depo-
sitional interface to the north resulted in the rapid
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transgression of shale and limestone of the Elvina Zone.
Regression during Conaspis, Ptychaspis-Prosaukia, and
Saukia times led to the Early Ordovician deposition of
sands in the Black Hills as the sea attempted a feeble
advance to the south but finally yielded to the regressive
sand represented by the Scolithos beds (fig. 22). The thin-
ning of the Deadwood to the south is not entirely due to
post-Cambrian erosion but is partly the result of a progres-
sive north-northwestward offlap of beds (Mickelson and
Kulik, 1963).

In the present report the Deadwood Formation is cotre-
lated with equivalent units from western Wyoming (pl. 2)
and is included in isopach maps of the Cambrian intervals
(figs. 7, 14-17) in the preceding sections.

Cambrian through Early
Ordovician Structural Trends

The Powder River Basin area, situated well inland of
the western continental margin (fig. 1), contains basement
structure that developed before or during late Precambrian
rifting of that margin. Repeated reactivation of these
basement trends controlled depositional patterns through-
out most of the basin’s history (Slack, 1981).

Middle Cambrian through Early Ordovician deposi-
tional trends in the Powder River Basin area reflect topo-
graphic and structural features inherited from a complex
Precambrian tectonic history. The Cambridge arch, which
occupied the Nebraska Panhandle and the southern part of
western South Dakota, was a tectonically stable element of
the craton adjacent to the Powder River Basin area during
the Cambrian. The Cambridge arch was a northwestern
extension of a highland in eastern Kansas that crossed the
Transcontinental arch in central Nebraska (fig. 1). It was
inherited from the Precambrian and had been reduced by
subaerial erosion and was mostly covered by Early Ordov-
ician seas (Lochman-Balk, 1960). The proto—Sweetwater
trough overlaid a shear zone separating the Wyoming
Archean province to the north and the Proterozoic volca-
nic arc succession to the south (fig. 5, Wyoming and
southern Wyoming provinces). The proto—Sweetwater
trough and the Uinta arch in northern Utah apparently
controlled Cambrian through Early Ordovician deposition
in the Powder River Basin area more strongly than did the
Transcontinental arch.

Most of the structural features that were active during
the Cambrian and Early Ordovician are oriented north-
west-southeast (Brown and others, 1984) (fig. 18). The
Cambrian section generally thins from east to west in the
basin area. One exception to this general trend is an area
of thinning in the central part of the study area extending
from Musselshell to Powder River Counties, Montana, that
Brown and other (1984) interpreted as the result of
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Figure 18. Paleostructural trends of stratigraphic sequence one (Cambrian and Lower Ordovician) in the northern Great Plains.

Modified from Brown and others (1984).

movement on the Bearpaw anticline and two parallel
faults inferred from gravity data. A second area of thin-
ning, in Fallon and Carter Counties, Montana, and Hard-
ing County, South Dakota, is bounded on the west by the
Black Hills uplift-Miles City arch trend and on the east by
the Cedar Creek anticline. These trends also show on the
isopach maps of the total Cambrian (fig. 7) and the

Flathead Sandstone (fig. 14). The proto—Sweetwater
trough (fig. 1), a structural trough at the southern end of
the basin in Fremont and Natrona Counties, Wyoming, is
present on the isopach map of the Flathead Sandstone.
The thick section of the Flathead Sandstone within the
trough suggests that the trough controlled not only preser-
vation but also deposition of the Cambrian section
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(fig. 14). Like the southeastward-thinning succession in
the Black Hills (Mickelson and Kulik, 1963), the eastward
thinning of the Cambrian in the trough probably records
depositional onlap.

Seismic reflection profiling defines Middle to Late
Cambrian normal faults within the Powder River Basin
(McMillen, 1989). The faults form curvilinear grabens
trending east-west to northwest-southeast in the southern
part of the basin and a linear east-west trend in the north-
ern part. These graben-bounding faults die out upsection,
and east-west-oriented normal faults cut reflectors near the
top of the Cambrian. The faults record Middle to latest
Cambrian northeast-southwest extension or east-west left-
lateral transtension with the Powder River Basin
(McMillen, 1989).

Active structures also affected the lithofacies of the
stratigraphic units (fig. 11). East of the Cedar Creek anti-
cline and north of the Kaycee structural trend, the Cam-
brian through Lower Ordovician section is dominantly
sandstone and lesser shale or carbonate rocks (Brown and
others, 1984); west of the Cedar Creek anticline and north
of the Kaycee structural trend, carbonate rocks are an
important part of the sequence and no one rock type makes
up more than 50 percent of the section. The Transcontinen-
tal arch served as a source area for sand in the Deadwood
Formation in the eastern Powder River Basin area. Carbon-
ate, shaly carbonate, and sandy carbonate present locally
between the southern ends of the Cedar Creek anticline and
the Nesson-Pierre structural trend suggest structural control
of deposition (Brown and others, 1984).

A regional unconformity caps the Cambrian to Lower
Ordovician sequence and truncates rocks as young as
Early Ordovician in the Black Hills and adjacent parts of
the Williston Basin. The sequence is missing in much of
the southern basin area due to post-Early Ordovician ero-
sion. The erosional unconformity cuts progressively older
rocks from east to west and from north to south within the
Powder River Basin and adjacent areas.

STRATIGRAPHIC SEQUENCE
TWO—MIDDLE ORDOVICIAN
THROUGH SILURIAN ROCKS

Stratigraphic sequence two includes Middle Ordovician
through Silurian rocks in the Powder River Basin area
(figs. 19, 20). Middle Ordovician rocks are important
petroleum reservoir rocks, especially in the Williston
Basin. Much of the Ordovician section and most of the
Silurian section have been removed from the Powder
River Basin area by pre-Late Devonian erosion.
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Middle Ordovician through
Silurian Regional Tectonics

Rifting along the Quachita margin, collision along the
eastern cratonic margin, and, probably, the beginning of
subduction along the western Cordilleran margin domi-
nated Middle Ordovician through Silurian sedimentation
(figs. 21, 22). By Middle Ordovician time (fig. 21), colli-
sion of Northern Europe against the northeastern margin
of North America from Greenland to New England had
begun, initiating the Taconic orogeny (Rowley and Kidd,
1981; Smith and others, 1981; Spencer and others, 1989).
Subduction may have begun along the western margin of
the craton at the same time; it has been suggested that an
offshore island arc and a marginal basin of trapped oce-
anic crust developed along the western margin during the
Middle Ordovician (Irwin, 1977; Gray, 1986). As subduc-
tion beneath the arc continued, the ocean basin, which had
stretched from the (present) Arctic to central Nevada
(Gray, 1986), was consumed by the arc. By Late Ordovi-
cian time, if not earlier, the Powder River Basin area and
the southern margin of the continent were connected
across the Transcontinental arch in Nebraska and Colorado
(fig. 22). The basin area changed from being part of a
large basin open to the west to being part of a basin open
to the southern margin of the continent.

During Ordovician time, shallow seas covered most of
the craton, including most of the Canadian Shield, as
shown by scattered remnants of Ordovician rocks on the
shield and by downwarped strata in Hudson Bay and the
Foxe Basin. In contrast to the remainder of the continent,
strata of the marginal miogeoclinal belts are thicker and
more complete and probably of deeper water origin,
although the increase in thickness at the continental mar-
gins may be the result of more rapid subsidence and sedi-
mentation without significant increase in water depths.
Canadian cratonic margins were passive except for the
transformation of the eastern margin into a Cordilleran-
type margin and its eventual deformation during the
Taconic orogeny. Virtually complete Lower and lower
Middle Ordovician sequences are present in much of the
Canadian Cordilleran miogeocline and in western New-
foundland. Ordovician sequences in several parts of sub-
arctic and arctic Canada, such as the Franklinian
miogeosyncline and northwestern Baffin Island, are almost
complete (Barnes and others, 1976).

Post-Silurian erosion (Gibbs, 1972) removed all but
local remnants of the Interlake Formation from the
Powder River Basin area (fig. 23). Silurian rocks may
have covered much of the northern Great Plains and con-
nected with Silurian facies in the miogeocline farther to
the west (Brown and others, 1984, p. B9).

Clockwise rotation of North America during Middle
Cambrian to Late Silurian time moved the continent
southward, and the Equator passed through the Powder































































































































































In southern Wyoming, Sando and Sandberg (1987)
divided the basal clastic sequence into two stratigraphic
units: a lower conglomeratic interval, which in the north-
ern Laramie Range Maughan (1963) established as con-
formable below the Madison Limestone, that they named
the Fremont Canyon Sandstone, and an upper, finer
grained clastic interval that they assigned to the Engle-
wood Formation. The Fremont Canyon Sandstone at its
type locality, however, was considered equivalent to the
Cambrian Flathead Sandstone by previous workers (Loch-
man-Balk, 1972; Bell and Middleton, 1978). E.XK.
Maughan and I have traced the Fremont Canyon from its
type locality southwest to the Rawlins Hills where it is the
Flathead Sandstone. In the present report this basal sand-
stone at Fremont Canyon is included with the Cambrian
rather than correlated to the basal Madison clastic unit.
The name “Fremont Canyon Sandstone” is therefore not
used in the present report.

Sando and Sandberg (1987) further divided the Engle-
wood into an upper and a lower member separated by an
unconformity. They assigned the upper member to the
Kinderhookian and the lower member to the Upper Devo-
nian. In the Rawlins Hills and Ferris Mountains, they
assigned the whole interval a younger Kinderhookian age.
In the Hartville uplift, they recognized only the Upper
Devonian (Famennian) part of the Englewood Formation
and their Fremont Canyon Sandstone. They based the age
assignments on correlation with (1) the basal member of
the Guernsey Formation in the Hartville uplift (Love, Den-
son, and Botinelli, 1949; Love, Henbest, and Denson,
1953), (2) the Englewood Formation of the Black Hills
(Klapper and Fumish, 1963), and (3) the Cottonwood
Canyon Member of the Madison Limestone in western
Wyoming (Sandberg and Klapper, 1967).

In the Hartville uplift the basal Guernsey Formation was
dated as Late Devonian and Early Mississippian based on
undocumented brachiopod specimens (Love, Denson, and
Botinelli, 1949; Love, Henbest, and Denson, 1953). The
taxa reported form an antiquated faunal list and are an inad-
equate basis for an age assignment (N.M. Denson, U.S.
Geological Survey, oral commun., 1988; T.W. Henry, U.S.
Geological Survey, oral commun., 1989).

In the Black Hills, Klapper and Furnish (1963) dated
the basal Englewood Formation as Late Devonian (“with
reservation,” p. 2076) and Early Mississippian based on
correlations with the Guernsey Formation in the Hartville
uplift and the presence of a conodont regarded as an index
species of the Upper Devonian Clymenia-Stufe of Europe
(Spathognathodus  aculeatus=S. tridentatus Branson)
(Klapper and Furnish, 1963, p. 2076, citing Sannemann,
1955; Bishoff and Ziegler, 1956; Flgel and Ziegler, 1957;
Bender, 1958; Stoppel, 1958; Ziegler, 1959; Schriel and
Stoppel, 1960; Freyer, 1961). Rhodes and others (1969, p.
237), however, subsequently reported this species from as
high as the upper Kinderhookian (culla) in Great Britain.

Sandberg and Klapper (1967) indirectly dated the
lower part of the Madison Limestone as Late Devonian
based on correlations with (1) the Englewood Formation
of the Black Hills (Klapper and Fumnish, 1963) and (2) the
basal Guernsey Formation of the Hartville uplift (Love,
Denson, and Botinelli, 1949; Love, Henbest, and Denson,
1953). Sandberg and Klapper (1967) then correlated the
basal Madison with the basal section of the Hartville uplift
based on the presence of “a conodont-bearing sandstone
that is lithologically similar to both units [the Cottonwood
Canyon Member of the Madison Limestone and the
Englewood Formation]***at the base of the Guernsey For-
mation of Devonian and Mississippian age [at Regan
Draw in the Hartville uplift, southeast of the Powder River
Basin in east-central Wyoming] described by Sandberg
(1967).” Sandberg (1967, p. 65), however, did not
describe the conodont fauna from the Guernsey Formation
but noted only that a 3-ft (0.9 m)-thick sandstone 1 ft (0.3
m) above the base of the section contains “leached molds
of crinoids, conodonts, and minute fragments of fish
plates***.”

Sandberg and Klapper (1967) did not give a full faunal
list from the lower tongue of the Cottonwood Canyon but
reported a “representative” conodont collection considered
“indigenous (unreworked) conodonts” (table 1, p. B51).
The collection was from a lag deposit at the base of the
member that contains 10-15 percent P,Os, primarily as
conodonts (Sandberg and Klapper, 1967, p. B29). The “rep-
resentative fauna” includes only four species that were not
also reported from either the underlying Devonian units or
the overlying units dated as Kinderhookian by Sandberg
and Klapper, and all of these have been reported either
from rocks of uncertain Devonian or Mississippian age or
from rocks of undisputed Mississippian age, or from both.

A Late Devonian (t0V) age was assigned to the base of
the Madison Limestone at Shoshone Canyon, Wyoming
(Sandberg and Klapper, 1967, p. B50, B57), and at Din-
woody Canyon, Wyoming (Sandberg and Klapper, 1967,
p. B50). The age at Shoshone Canyon was based on con-
odonts collected from a 2-in. (51 mm)-thick lag sandstone
at the base of Cottonwood Canyon Member. Sandberg
(1963, p. B58) assigned the basal Madison to the very late
Devonian age based on five conodonts collected from the
basal 4 ft (1.2 m) of the Madison; he only gave the faunal
list from the upper sample, however, “because its determi-
nation as Late Devonian precludes a Mississippian age for
the four lower samples.” The age assignment was based
on conodonts originally named from the Maple Mill Shale
in the Hannibal Group of southeast Iowa, which is of dis-
rupted age. Klapper (1966, p. 29-30) gave the range of
one of these (I. costatus) as the upper part of the Maple
Mill Shale of Iowa, the Englewood Formation of South
Dakota, and the dark shale unit of Sandberg (1963) in
Wyoming and noted that this genus is closely allied with
the one that ranges into the Early Mississippian (cullo).
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Klapper (1966, p. 8) assigned a Devonian (toV) age to the
dark shale unit underlying the Madison at Bull Lake Creek
in the Wind River Range, but an Early Carboniferous
(cul) age has been assigned to the unit at Warm Spring
Canyon, also in the Wind River Range (Klapper, 1966, p.
10), Darby Canyon, (Klapper, 1966, p. 8), Teton Canyon
(Klapper, 1966, p. 10), and Horse Creek (Washakie
Range), Wyoming (Klapper, 1966, p. 8; Sandberg and
Klapper, 1967, p. B52), and Baker Mountain (Klapper,
1966, p. 8), Montana, and to the now abandoned Little
Chief Canyon Member of the Lodgepole Limestone at
People Creek (Little Rocky Mountains), Montana (Sand-
berg and Klapper, 1967, p. BS3).

Sandberg and Klapper (1967, p. B53) reported that
conodonts from their Warm Spring Canyon locality in
Wind River Range (about 11 mi, 18 km, southwest of the
Horse Creek locality) belong to a “poorly preserved
fauna” recovered from a 2-in. (51 mm)-thick lag deposit at
the base of the upper tongue of the Cottonwood Canyon
Member, and Huddle (cited in Sandberg and Klapper as
written commun., 1964) characterized most of the speci-
mens as appearing “to be waterworn.” Huddle tentatively
considered the specimens to be lower, but not lowermost,
Kinderhookian. At Windy Gap, Washakie Range, Wyo-
ming, Sandberg and Klapper (1967, p. B51, sample
WG-1) assigned an Early Carboniferous (lower cul) age
to conodonts from a 1-in. (25 mm)-thick bed in the middle
of the basal 1 ft (0.3 m) of the upper tongue of the Cotton-
wood Canyon Member 16 ft (4.9 m) above the base of the
Madison Limestone. At Shell Canyon, on the west side of
the Bighorn Mountains, Wyoming, Sandberg and Klapper
(1967, p. B55, sample SH-3) reported a lower but not
lowermost Kinderhookian (upper cul) fauna from the
upper tongue of Cottonwood Canyon Member. At Merid-
ian Ridge, Montana, Sandberg and Klapper (1967, p.
B55-56) assigned a fauna collected 5-9 in. (127-229 mm)
above the base of the upper tongue of the Cottonwood
Canyon Member to the upper Kinderhookian (cullor) and
noted that a second sample from 5.2-5.5 ft (1.6~1.7 m)
above the base of the tongue “does not contain as many
conodont specimens but is similar in composition.”

Seven species of conodonts were reported from rocks
that were assigned to the basal Englewood Formation in
the northern Laramie Range by Sando and Sandberg
(1987, table 2), only two of which have been reported
from rocks of unquestionable Kinderhookian age. Only
Polygnathus experplexus Sandberg and Ziegler (1979), P.
obliquicostatus (Ziegler, 1962), and Icriodus costatus
(Thomas, 1949) have been reported from rocks that have
been dated as Mississippian in age based on macrofauna
and dated as Devonian in age based only on conodonts
(Strainbrook, 1947, 1950; Thomas, 1949; Kelley, 1952;
Workman and Gillette, 1956; Collinson, 1961; Atherton
and others, 1975; Metzger, 1989). 1. costatus and P.
obliquicostata probably represent older Devonian forms
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that are reworked in both the Maple Mill Shale and the
base of the Englewood Formation.

Craig and Connor (1979) did not consider the age of
the basal clastic unit, but they dated the overlying carbon-
ate rocks in southern Wyoming as Osagean. The work of
Maughan (1963) and the evidence reviewed here support
either a latest Kinderhookian or early Osagean age equally
well. This interpretation agrees with Sando's (1976b) inter-
pretation in which the Mississippian System onlapped the
Transcontinental arch in southeastern Wyoming. Sando's
figure 4A shows the base of the Mississippian section in
the northern Medicine Bow Mountains as Osagean. His
figure 4B shows the base of the section in the central
Laramie Mountains as Kinderhookian, and his figure 6
suggests an early to latest Kinderhookian age in the same
area. The conodont-based age assignments for the clastic
sequence at the base of the Madison Limestone and the
postulated unconformities within the clastic sequence are
inconsistent with earlier work, including that of Sando
(1976b), and should be regarded as questionable.

I consider the clastic sequence in the southern Powder
River Basin area to be an early expression of the ancestral
Front Range and Pathfinder uplifts.

Bakken and Exshaw Formations

The Bakken and Exshaw Formations (fig. 35) are a
marine sequence of dark-gray carbonaceous shale and
mudstone and yellowish-brown silty dolomite that
includes black phosphate pellets, carbonaceous debris,
glauconite, calcite and quartz nodules, worm impressions
and burrows, Taonurus, swash marks, fish plates and
teeth, large conodonts, echinoids, clay intraclasts, and
hematite. The basal part of the sequence is locally sand-
stone or siltstone containing reworked pebbles. Dolomite
lenses within the interval are yellowish brown, silty, and
calcareous and contain abundant crinoid remains. The
importance of phosphate within the black shale and the
association of the shale with shallow-water marine units
suggest that the shale formed during upwelling on a shal-
low shelf (see, for example, Heckel, 1972).

In central Montana and western North Dakota, the
Bakken Formation (Nordquist, 1953) forms the base of
stratigraphic sequence four (fig. 35). The name Bakken
was originally applied to rocks previously assigned to the
Paine Member of the Lodgepole Limestone (Sloss and
Hamblin, 1942) in central Montana and to a black shale at
the base of the Madison Group (Cooper and Sloss, 1943).
The Bakken is made up of lower and upper dark shale
units separated by a medial siltstone. In the southern
Canadian Cordillera, only the lower black shale unit is
distinguishable because the upper unit grades laterally into
the basal shaly member of the Banff Formation, the strati-
graphic equivalent to the Lodgepole Limestone. Where the
upper member of the Bakken cannot be distinguished, the



lower two units are known as the Exshaw Formation (for
example, in the mountains of northeastern British Colum-
bia and the Alberta Rocky Mountains of Canada; Macau-
ley and others, 1966, fig. 7-3). Macauley and others
(1966) assigned a Kinderhookian age to the Bakken and
Exshaw interval in Canada.

In the Williston Basin, the Bakken is disconformable
on the Upper Devonian Trident Member of the Three
Forks Formation (fig. 35) and is made up of lower and
upper radioactive black shale members separated by a
medial siltstone unit. The Bakken reaches is as thick as
about 140 ft (43 m) in the central Williston Basin of
northwestern North Dakota (Sandberg and Mapel, 1967).
Sandberg and Mapel (1967) believed that the upper black
shale was removed by Early Mississippian erosion in
northwestern Montana, but Macauly and others (1966)
interpreted a similar stratigraphic relationship in adjacent
parts of Alberta, Canada, to represent a facies change from
black shale at the top of the unit to a lithology indistin-
guishable from the overlying Banff Formation. Cooper
and Sloss (1943) included the clastic sequence at the base
of the Madison Limestone in western North Dakota and in
southwestern Montana as part of the Madison Group and
dated the clastic sequence as Kinderhookian.

In western Alberta, Macqueen and Sandberg (1970)
considered the Exshaw Formation to be Late Devonian
(Famennian) and Early Mississippian in age; however,
they based the Devonian age on “representative” conodont
fauna collected from a 1-2-in. (25-51 mm)-thick basal lag
deposit that probably accumulated as an insoluble residue
prior to the deposition of the Exshaw. The conodont ages,
therefore, are undoubtedly older than the actual age of the
Exshaw. Further evidence given for the Devonian age was
correlation with the Sappington Member of the Three
Forks Formation (Klapper, 1966; Sandberg and Klapper,
1967) and with the Leatham Formation (Sandberg and
Gutschick, 1969). The dates for all these units, however,
are based on conodonts from basal lag deposits and are
considered suspect. Macqueen and Sandberg (1970, p. 53)
unequivocally accepted an Early Mississippian ammonite
age for the upper 2.5 ft (0.76 m) of the basal black shale
unit of the Exshaw Formation at its type locality near
Exshaw, Alberta.

Thrasher (1987) considered the base of the Bakken
Formation in western North Dakota to be the same age as
the base of the Sappington Member of the Three Forks
Formation in southeastern Montana (Sandberg and Klap-
per, 1967; Gutschick and Rodriguez, 1977, 1979) and
accepted a probable Late Devonian age. In the present
report, the Bakken is assumed to be Early Mississippian
(Kinderhookian) in age and a time-transgressive facies
equivalent to the Cottonwood Canyon Member of the
Lodgepole Limestone (E.K. Maughan, written commun.,
1989) and the basal clastic sequence of the southern
Powder River Basin area.

Paine Member of the Madison and Lodgepole Limestones

In central Montana, Weed (18992, b) named the basal
unit of the Madison Limestone the Paine Member. In
western Montana and adjacent areas of Utah, and Idaho,
the Paine Member is a dark-gray to black argillaceous
limestone that is present locally and is gradational into the
base of the Lodgepole Limestone (Cooper and Sloss,
1943; Sandberg, 1963; Benson, 1966). Sloss and Hamblin
(1942) included the Paine as a member of the Lodgepole
Limestone and documented its presence throughout south-
western Montana. The Paine is as thick as 331 ft (101 m)
in west-central Montana, thins progressively southward,
and is absent in the Pryor and Bighorn Mountains. In the
Bridger Mountains, the Paine overlies the Sappington
Member of the Three Forks Formation (Laudon and Sev-
erson, 1953). In central Idaho, a partial equivalent of the
Sappington may be present as either the upper part of the
Milligen Formation or the lower part of the Little Copper
Formation (Paull and Gruber, 1977), which underlies the
Lodgepole Limestone equivalent and may be similar in
age and origin to the Paine in western Montana (Benson,
1966). In southeastern Idaho and northeastern Utah, south
of the Snake River downwarp, rocks of the same age and
similar lithology are referred to as the Leatham Formation
(Holland, 1952).

Lodgepole Limestone

The Lodgepole Limestone (fig. 35) is the basal unit of
the Madison Group and represents the first carbonate
deposits of the Early Mississippian transgression (fig. 38).
The Lodgepole consists of gray to dark-gray, argillaceous
to shaly or silty, in places cherty, thin- to medium-bedded
limestone (Peterson, 1984). In most places, the relatively
clean carbonate rocks of the Lodgepole Limestone con-
formably overlie the Bakken Formation (Benson, 1966;
Peterson, 1984) or its siliciclastic and carbonate facies
equivalents, the Cottonwood Canyon Member of the
Lodgepole, the Sappington Member of the Three Forks,
and the Englewood Formation. In north-central Montana,
crinoid mounds overlie the Bakken at several locations
(Peterson, 1984).

Lower Mississippian rocks (Paine Limestone) in the
Tendoy Mountains rest on orange and red siltstone and
mudstone, crinoidal wackestone, evaporite solution brec-
cia, and silty dolomite containing Late Devonian brachio-
pods of the Three Forks Formation.

Mission Canyon Limestone

The middle unit of the Madison Group is the Mission
Canyon Limestone (fig. 35) and consists of generally
thick- to massive-bedded fossiliferous to oolitic carbonate
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rocks (Peterson, 1984). Interpreted barrier environments
within the Mission Canyon range from beaches to
medium- and low-energy tidal flats, depending on the
amount of wave and tidal current energy along the strand-
line. Beach strata include buff, well-sorted and rounded,
pisolitic-oolitic-intraclastic lime grainstone, whereas tidal-
flat units are buff to brown, poorly sorted, lime packstone
to wackestone having fenestrae and desiccation features.
Each type of unit attains maximum thicknesses of about
20 ft (6.1 m). The oolite and pisolite in these deposits dis-
play structures indicating a hypersaline, low-energy depo-
sitional environment (Loreau and Purser, 1973); however,
they may have formed by weathering and the formation of
paleosol (Gerhard and others, 1978). The pisolitic units
have previously been referred to in the literature as algal
reefs (Hansen, 1966).

Inden and Moore (1983) informally divided the Missis-
sippian Mission Canyon Limestone in the Little Knife field
of the Williston Basin into several facies. At the base,
open-marine carbonate rocks grade upward into restricted
lagoon deposits overlain by barrier and near-barrier carbon-
ate rocks. These beds are, in turn, overlain by lagoonal
anhydrite and salt. Each barrier bed grades laterally into
correlative restricted-lagoonal and open-marine beds basin-
ward and into lagoonal-evaporite beds landward.

Charles Formation

The uppermost unit of the Madison Group is the
Charles Formation (fig. 35) consisting of anhydrite and
halite interbedded with carbonate and shale (Peterson,
1984). The Charles Formation is not present within the
Powder River Basin but is present north of the basin
(pls. 1, 2).

Madison Limestone (Group) Marker System

The lithologic units of the Madison represent inter-
tonguing lithofacies composed of numerous depositional
cycles divided by a series of 13 marker-defined units.
The marker units consist of thin but widespread shaly
carbonate or dark-shale intervals. Peterson (1984) subdi-
vided the Mississippian section chronostratigraphically,
using a marker horizon system. Marker M1 is roughly at
or above the Devonian-Mississippian boundary; interval
M1 to M3 is roughly Kinderhookian; interval M3 to M7
is lower Osagean; interval M7 to M8.5 is middle Osag-
ean; interval M8.5 to M12 is upper Osagean; and interval
MI12-Mc is roughly Meramecian. The marker units are
best expressed in the central Williston Basin but also
extend into the surrounding areas (Peterson, 1984). Using
the marker system defined by Peterson (fig. 35), 1
mapped six horizons within the Madison. Marker M1 is
the first marker horizon and is at the base of the
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Madison, generally above an interval correlated with the
Kinderhookian Bakken—Cottonwood Canyon-Englewood
interval; marker M3 is near the Kinderhookian-Osagean
boundary; markers M7 and M8.5 are within the Osagean;
marker M12 is near the Osagean-Meramecian boundary;
and marker M12-Mc is the top of the Madison.

Marker M8.5 is at the top of a thick anhydrite interval,
equivalent to the top of the lower solution zone in north-
central Wyoming (Sando, 1974; Peterson, 1984). Marker
M7 is roughly at the stratigraphic position of the lower,
thinner, less widespread anhydrite interval in the Central
Montana trough. Marker M10, which has not been
mapped, is equivalent to the “Richey shale marker” of
subsurface usage in the Williston Basin. Marker M12, cor-
related to outcrop data in the Bighorn Mountains, is
roughly equivalent to the upper solution zone of Sando
(1974) (Peterson, 1984).

The interval between markers M1 and M3 (roughly
Kinderhookian) (figs. 38, 47, 48) is generally gradational
throughout the area from the underlying Bakken-Engle-
wood interval (Peterson, 1984) (fig. 35). The basal Lodge-
pole Limestone contains Waulsortian crinoidal carbonate
mounds in its lower half, especially on the western, south-
western and eastern flanks of the Williston Basin (Cotter,
1965; Smith, 1972; Stone, 1972; Bijorlie and Anderson,
1978). The main trend of Waulsortian mounds follows the
general trend of the Central Montana uplift (fig. 1), which
probably continued as a paleostructure influencing deposi-
tion well into earliest Mississippian time.

The MI-MS5 interval is generally equivalent to the
Lodgepole Limestone (fig. 35). Read (1985, p. 6) cited
this interval as an example of ramps associated with bar-
rier ooid pellet shoal complexes (see Edie, 1958; Wilson,
1975). In north-central and northwestern Wyoming and
south-central Montana, the lower part of the Lodgepole is
completely dolomitized. In central, south-central, and
southeastern Montana, northeastern Wyoming, and north-
western South Dakota, the upper half of the Lodgepole is
oolitic carbonate banks. Toward the center of the Williston
Basin, oolitic and crinoidal mounds grade into fine-
grained argillaceous and pyritic limestone. Locally, espe-
cially on the southern and western flanks of the basin, car-
bonate mounds are as thick as 400 ft (122 m). In most
places argillaceous carbonate rocks or gray calcareous
shale of the M3 marker overlie the upper beds of the pre-
vious cycle.

The M3-M7 interval (lower Osagean) (figs. 39, 49, 50)
is generally 200-300 ft (61-91 m) thick around the flanks
of the Williston Basin and more than 600 ft (183 m) thick
in the basin center and in the Central Montana trough. The
lower two-thirds of the interval represents the upper half of
the shaly Lodgepole Limestone in the central Williston
Basin and in the Central Montana trough. Oolitic carbonate
rocks dominate the flanks of the Williston Basin and in the
upper part prograde toward the basin interior, where some
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