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THE MISSISSIPPIAN AND-PENNSYLVANIAN (CARBONil-.EROUS) 
SYSTEMS IN THE UNITED STATES-MONTANA 

By DoNALD L. SMITH1 and ERNEST H. GILMOUR2 

ABSTRACT 

Carboniferous strata underlie all but the northwestern 
corner of Montana and are well exposed on the flanks of 
Tertiary uplifts throughout the State. The Carboniferous 
rock package attains a maximum thickness of 1,000 m along 
the Big Snowy trough, an east-trending paleostructural fea
ture in central Montana; it thins to 300 m and 450 m in 
northern and southern Montana, respectively, on the flanks 
of the trough. 

The contact of the Carboniferous rocks with underlying 
strata is unconformable, the rocks beneath the unconformity 
ranging in age from Ordovician to latest Devonian and gen
erally increasing in age toward the southern part of the 
State. The contact of Carboniferous strata with overlying 
rocks is also unconformable, the overlying s,trata ranging 
from Permian and Triassic at the Montana-Wyoming border 
to Middle Jurassic in the northern part of the State. 

Carboniferous rocks of Montana are divided into four 
lithologic units, each deposited under a different set of 
tsctonic and environmental conditions. These units are the 
Madison Group, the Big Snowy Group, the Amsden Group, 
and the Quadrant Formation. In the Carboniferous section 
in Montana, a general upward decrease in clean limestone 
and an increase in both fine and coars::; detrital components 
reflects the increasing epeirogenic-orogenic tempo of the 
later Carboniferous. 

Major groups of Carboniferous strata were named or rec
ognized in the late 1800's; since then, detailed studies have 
refined the stratigraphic nomenclature to its present com
plexity. The Madison Group of Kinderhookian, Osagean, and 
Meramecian age consists of the Lodgepole, Mission Canyon, 
and Charles Formations, in ascending order. The Lodgepole 
is divided into the Cottonwood Canyon, Paine, and Wood
hurst Members. The Big Snowy Group is Chesterian in age 
and incorporates the Kibbey, Otter, and Heath Formations. 
The Amsden Group is latest Mississippian (Springerian), 
Morrowan, and Atokan ( ?) in age and includes three forma
tions-the Tyler, Alaska Bench, and Devils Pocket. The 
Tyler is divided into the unnamed lower memb2r and the 
Cameron Creek Member. The Desmoinesian-age Quadrant 
Formation is the fourth package, completing the Carbonif
erous section in Montana. 

Carboniferous strata in Montana were deposited predomi
nantly on the western edge of the North American craton, 

1 Department of Earth Sciences, Montana State University, Bozeman, 

M~Jj~p5~-~~7ent of Geology, Eastern Washington State University, 
Cheney, Wash. 99004. 

but in the extreme western part of the State, Carboniferous 
sediments accumulated in the Cordilleran miogeosync1ine. 
During the latest Devonian and earliest Mississippian, the 
craton was divided into four shallow marine basins, all sep
arated by low-lying arches that, through the erosion of rocks 
as old as Cambrian, provided a source of fine-grained sedi
ment. Throughout the remainder of Madison and Big Snowy 
deposition, the Montana part of the craton was characterized 
by stable shelves to the north and south, separated by the 
elongate Big Snowy trough that extended from the Cordil
leran miogeosyncline on the west to the Williston basin in 
the extreme northeastern corner of the State. During deposi
tion of the Amsden Group, uplift in northern Montana on 
the site of the ·former northern stable shelf provided clastic 
sediment to the Big Snowy trough, which continued to sub
side. Deposition of the Quadrant Formation brought the 
Carboniferous to a close; the coarse clastic sediments were 
provided from large western uplifts as well as from the 
eastern craton. 

Deposition of Carboniferous roc-ks began with a complex 
interplay of sea-level change and ·epeirogenic warping of 
the craton. In shallow basins between low-lying arches, black 
shale and siltstone of the late Devonian Bakken, Exshaw, 
and Englewood Formations and the Sappington Member of 
the Three Forks Formation were deposited. This latest 
Devonian transgression was short-lived and the sea partly 
regressed from Montana as epeirogenic movements continued 
to block out arches and basins on the Montana craton, pro
viding coarser clastic sediment to the intervening basins. The 
earliest Mississippian transgression from the Cordilleran 
miogeosyncline is recorded in the black shale and siltstone 
of the Cottonwood Canyon Member of the Lodgepole For
mation and the upper black shale of the Bakken Forma
tion. The environments in which these fine-grained clastic 
rocks accumulated quickly gave way to higher energy en
vironments in which the bioclastic facies at the base of the 
Paine Member of the Lodgepole Formation were deposited. 

After the deposition of the bioclastic facies of the Paine 
Member, the rate of transgression and/or subsidence of the 
Big Snowy trough outstripped the rate of carbonate sedi
ment production, creating a deeper water environment in 
central Montana while shallow-wa.ter carbonate sediments 
contemporaneously accumulated on the stable shelves to the 
north and south. A decrease in the rate of sea-level rise and/ 
or rate of subsidence of the Big Snowy trough and con
comitant increased production of carbonate sediment led to 
the progradation of high-energy, shallow-water carbonate 
sediments from the north and south into the Big Snowy 
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trough, leading to deposition of the cyclic neritic deposits of 
the Woodhurst Member of the Lodgepole Formation. 

The Mission Canyon Limestone was deposited under simi
lar but more stable conditions than was the Woodhurst 
Member of the Lodgepole Limestone. The limestone of the 
Mission Canyon records shallow-water high-energy condi
tions that eventually gave rise to restricted environments 
in which extensive evaporite deposits accumulated, creating 
the evaporite-solution-breccia couplets of the surface and 
subsurface of Montana. The Charles Formation is probably 
the evaporite-rich subsurface equivalent of the upper brec
ciated part of the Mission Canyon Limestone. After deposi
tion of the Mission Canyon-Charles evaporites, the Madison 
sea retreated to the Cordilleran miogeosyncline from the 
craton, and the ensuing exposure and erosion produced a 
karst surface of regional extent. 

In Chesterian time, the Big Snowy sea transgressed across 
this surface, beginning in southwestern Montana and pro
ceeding across the Big Snowy trough to the Williston basin. 
At the leading edge of this sea, the Kibbey Sandstone was 
deposited in beach and nearshore environments. Synchronous
ly, in deeper, quieter water eastward of the coarse clastic 
zone, shale and limestone of the Otter Formation were de
posited. In the deep and quiet water of the trough axis, 
dark shale and limestone of the Heath Formation accumu
lated. After deposition of the Big Snowy Group, the sea 
withdrew from most of the Big Snowy trough, creating an 
unconformity between Big Snowy strata and overlying 
deposits. 

During the next major transgressive phase of the Car
boniferous, strata of the Amsden Group were deposited. The 
Tyler Formation was deposited in either stagnant marine 
or nonmarine environments in central and eastern Montana 
along the axis of the Big Snowy trough. A marine limestone 
tongue, the Bear Gulch Limestone Member, near the top of 
the Tyler in central Montana, bears a marine fauna iden
tified as latest Mississippian. Thus, the Mississippian-Penn
sylvanian systemic boundary appears to be within the Tyler 
Formation rather than at the unconformity at the Big 
Snowy-Tyler contact. 

After deposition of the Tyler Formation, limestone, dolo
mite, and mudstone of the Alaska Bench Formation accu
mulated in the Big Snowy trough in marine environments 
that ranged from supratidal to subtidal. 

Dolomite, limestone, sandstone, and shale of the Devils 
Pocket Formation were deposited unconformably over the 
top of the Alaska Bench Formation in the Big Snowy trough. 
These sediments, like those of the underlying Alaska Bench 
Formation, were deposited in shallow marine environments. 

After deposition of the Amsden Group in Montana, the 
Quadrant Formation accumulated in Desmoinesian time. The 
contact with the underlying Devils Pocket is gradational. 
The Quadrant Formation is probably of shallow marine 
origin. Uplifts to the west and the craton to the east provided 
abundant quartz sand. 

INTRODUCTION 

Carboniferous rocks of Montana have been the 
subject of man's curiosity and exploitation from ap
proximately 2,000 years before the present, when 
stone-age miners quarried Mississippian chert from 

bluffs overlooking the Madison River in southwest
ern Montana (Davis, 1976), to the last several 
decades, when Carboniferous strata have produced 
petroleum, water, and aggregate and have provided 
abundant intellectual stimulus and challenge to 
students of Mississippian and Pennsylvanian rocks. 
Geologic investigation of Carboniferous strata from 
Peale's (1893) early work to the present has re
vealed a complex and detailed geologic history of 
transgressions and regressions, depositional envi
ronments, and epeirogenic activity; however, in the 
process of providing answers, this investigation has 
supplied a great number of unanswered questions. 
As a consequence, this paper is a compilation of 
work on diverse topics by many geologists having 
diverse backgrou-nds and orientations and should be 
read accordingly. The manuscript is a joint effort: 
Smith is responsible for the Mississippian parts; 
Gilmour, for the Pennsylvanian. We have made little 
attempt to resolve current stratigraphic, paleontolo
gic, and sedimentologic conflicts and have chosen to 
present both arguments where two interpretations 
exist. 

Carboniferous strata underlie all of Montana ex
cept the northwest corner, where they have been 
removed by Tertiary erosion (fig. 1). They are well 
exposed in the Cenozoic uplifts of central Montana, 
in the overthrust belt of western Montana, around 
large Laramide intrusive bodies, and on the flanks 
of basement block uplifts. In these exposures, the 
Madison Group forms a series of strong cliffs and 
ridges above the relatively nonresistant Devonian 
Three Forks Formation, the Big Snowy and Amsden 
Groups form a swale with low ridges, and the Quad
rant Formation crops out in a series of cliffs and 
ridges. 

Carboniferous rocks attain a maximum thickness 
of 1,000 m in an east-trending belt in central Mon
tana, thinning to less than 300 m to the north and 
450 m to the south. These thickness trends reflect 
cratonic paleotectonic elements that controlled Car
boniferous sediment accumulation as well as Car
boniferous and post-Carboniferous erosional events. 

The contact of the Carboniferous rocks with the 
underlying rocks is generally unconformable, the 
age of the rocks under the unconformity generally 
increasing southward into Wyoming. However, in 
central and eastern Montana, the time value of this 
unconformity increases along the Bearpaw and 
Cedar Creek anticlines and the central Montana up
lift, reflecting the positive nature of these structures 
during latest Devonian and earliest Mississippian 
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FIGURE 1..-lndex map of major exposures of Carboniferous rocks in Montana, showing areas modified by pre-Jurassic 
and Tertiary erosion. Numbers refer to Carboniferous type and reference sections. (1) Logan-Three Forks area-type 
section of the Madison Group. (2) Northern Little Belt Mountains-type sections of the Paine and Woodhurst Members 
of the Lodgepole Limestone and reference section for the Mission Canyon Limestone. (3) Big Snowy Mountains-type 
sections of the Kibbey, Otter, and Heath Formations of the Big Snowy Group, the Bear Gulch, Cameron Creek, and 
Stonehouse Canyon Members of the Tyler Formation, and the Devils Pocket and Alaska Bench Formations. ( 4) Arro 
Oil and Refining Company and California Gompany No. 4 well-type well of the Charles Formation. (5) Little Rocky 
Mountains-type sections of the Lodgepole and Mission Canyon Formations. (6) Sawtooth Range-type sections of Allan 
Mountain Limestone, Castle Reef Dolomite, and Sun River Dolomite. (7) Quadrant Mountain, Gallatin Range, Wyo
ming-type section of the Quadrant Formation. (Map modified from Ross, Andrews, and Witkind, 1955, and Sando, 
1976). 

time. This deformation may be related to the Antler 
orogeny in the Cordilleran geosyncline to the west. 

The contact of Carboniferous rocks with overlying 
strata is also unconformable and reflects the tectono
sedimentary history of the area from the beginning 
of the Permian through the Middle Jurassic. 
Beneath this unconformity, rocks as old as Osagean 
are unconformably overlain by the Middle Jurassic 
Ellis Group in northern Montana, whereas, to the 
south, Permo-Triassic rocks truncate the Middle and 
Upper Pennsylvanian Quadrant Formation. This 
erosional interval produced a northern zero edge on 
the Big Snowy, Amsden, and Quadrant Formations 
and significantly thinned the upper part of the 
Madison Group. This truncation suggests late Paleo-

zoic-early Mesozoic uplift along the "Milk River 
uplift" of Maughan and Roberts (1967). 

Carboniferous strata of Montana consist of four 
depositional packages of rock, each deposited under 
unique paleotectonic conditions. These are the dom
inantly carbonate Madison Group, the clastic and 
carbonate Big Snowy and Amsden Groups, and the 
clastic Quadrant Formation. The upward increase 
in detrital components in these Carboniferous units 
reflects increasing epeirogenic tempo on the craton 
and the influence of the Antler orogeny in the Cor
dilleran geosyncline to the west. 

The stratigraphic nomenclature used in this·paper 
has not been reviewed by the Geologic Names Com
mittee of the U.S. Geological Survey. The nomen-
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clature used here conforms with the current usage 
of the Montana Bureau of Mines and Geology. 

HISTORY OF NOMENCLATURE 

Carboniferous nomenclature in Montana has 
evolved from Peale's (1893) naming of the Madi
son limestone and overlying Quadrant Formation to 
the present Madison, Big Snowy, and Amsden 
Groups and the Quadrant Formation. The history of 
this evolution has been reviewed and clarified for 
the Madison Group by Sando and Dutro (1974) and 
has been discussed for the Big Snowy and Amsden 
Groups and the Quadrant Formation by Maughan 
and Roberts (1967). The following discussion has 
been derived from original sources, with the guid
ance of these papers. Important developmental 
stages are charted in figure 2. 

MADISON GROUP NOMENCLATURE 

Madison Group nomenclature was initially de
rived from the Three Forks area of southwestern 
Montana, but formation names were soon added 
from the· Little Belt Mountains and, decades later, 
from the Little Rocky Mountains, the subsurface of 
central Montana, and outcrops in northwest Mon
tana (fig. 1). 

Prominent lower Carboniferous outcrops in the 
Three Forks area were given the name Madison 
Limestone by Peale ( 1893). In this area, these rocks 
are sandwiched between the Devonian Three Forks 
Formation and the upper Carboniferous Quadrant 
Formation. Although Peale did not designate a type 
section, and there has been much subsequent debate 
about whether the type section is along the Madison 
River or in the Madison Range, Sloss and Hamblin 
(1942) proposed and Sando and Dutro (1974) have 
concurred that the type section is along the Madi
son River at Logan (fig. 1). In this area, Peale 
(1893) divided the Madison into the Laminated 
limestones, the Massive limestones, and the J aspery 
limestones, in ascending order. Several years later, 
Weed (1899, 1900) recognized three similar litho
logic units in the Little Belt Mountains, which he 
termed Paine Shale, W oodhurst Limestone, and 
Castle Limestone. However, here, as in the Three 
Forks area, type sections were not designated, and 
Sando and Dutro (1974) proposed type sections for 
the Paine and W oodhurst and a reference section 
for the Mission Canyon Formation (Jaspery lime
stones) in the northern Little Belt Mountains (fig. 
1). 

Collier and Cathcart (1922) identified similar 
Madison rocks in the Little Rocky Mountains (fig. 
1) and applied the local physiographic names Lodge
pole and Mission Canyon to formations within the 
Madison that they recognized as a formal group (fig. 
2). However, the threefold division of Peale (1893) 
and Weed (1899) is recognizable in the Little Rocky 
Mountains, and the Lodgepole also contains the 
lower two of the three stratigraphic units (Sando 
and Dutro, 1974). 

In their synthesis of Madison nomenclature, Sloss 
and Hamblin (1942) gathered these lower Carbon
iferous names into a single classification scheme 
(fig. 2) that included Weed's (1899) Paine Shale 
and W oodhurst Limestone as members of Collier 
and Cathcart's (1922) Lodgepole Formation and 
that equated Peale's (1983) Jaspery limestones, 
Weed's (1899) Castle Limestone, and Collier and 
Cathcart's (1922) Mission Canyon Limestone, re
taining the last name as a second formation at the 
top of the Madison group. 

The name Charles was proposed by Seager (1942) 
for an interbedded sequence of limestone, dolomite, 
and evaporite above the Madison and below the Kib
bey Formation in the subsurface of central Montana 
(fig. 1). Seager designated the Charles Formation 
as the basal unit of the Big Snowy Group, but a dec
ade later, Sloss (1952) suggested that the Charles 
should be considered the uppermost unit of the 
Madison Group (fig. 2). Seager (1942) designated 
a type well for the Charles, for which a graphic log 
was prepared by Perry and Sloss (1943). The 
Charles is presently in a state of stratigraphic 
limbo, as indicated by Balster (1971, p. 220) : 
There is some doubt that the Charles Formation persists to 
the outcrop. Stratigraphers disagree: some believe that the 
brecda zones in the uppermost part of the Mississippian 
repres'ent the Charles with evaporites removed by selective 
solution; others believe that the Charles is restricted to the 
subsurface. Obviously, more study is necessary. 

Sando and Dutro (1974) suggested that until a de
finitive study is conducted, the Charles should be 
considered the equivalent of the upper part of the 
Mission Canyon ,and that the use of the name should 
be restricted to the subsurface of the Williston 
basin. 

The name Little Chief Canyon Member was 
proposed by Knechtel, Smedley, and Ross (1954) for 
a thin black shale at the base of the Lodgepole Lime
stone at its type section in the Little Rocky Moun
tains. This black shale is in a similar stratigraphic 
position in many parts of the State and is variously 
included in the Bakken Formation and the Cotton-
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wood Canyon Member of the Lodgepole Formation 
(Sandberg and Klapper, 1967; Macqueen and Sand
berg, 1970). The name Cottonwood Canyon Member 
was proposed by Sandberg and Klapper (1967) 
from exposures of black shale and siltstone at the 
base of the Madison Formation in the northern Big 
Horn Mountains of Wyoming, and Sando and Dutro 
(1974) recommended the use of this term and the 
abandonment of the name Little Chief Canyon 
Member. 

The names Silvertip Conglomerate, Saypo Lime
stone, Dean Lake Chert, Rooney Chert, and Monitor 
Mountain Limestone were all proposed by Deiss 
(1933) for five members of the Madison Limestone 
in northwestern Montana. Later, Deiss (1941, 1943) 
included these members in the Hannan Limestone, 
replacing the term Madison. Since that time, these 
terms have been only locally used, and the Montana 
Geological Society (Balster, 1971) recommended 
that "more current terminology" be applied to these 
rocks. 

Additional Madison terms for northwestern Mon
tana (figs. 1, 2) were proposed by Mudge, Sando, 
and Dutro (1962, p. 2004) because " ... formational 
boundaries recognized in the type locality cannot be 
consistently followed in this area." These names are 
Allan Mountain Limestone and Castle Reef Dolo
mite, which are chronologically and lithologically 
similar to the Lodgepole Limestone and Mission 
Canyon Limestone, respectively (Mudge, 1972). The 
Allan Mountain Limestone is divided into three 
unnamed members, and the Castle Reef Dolomite is 
composed of an unnamed lower member and the 
overlying Sun River Dolomite (Mudge, Sando, and 
Dutro, 1962; Mudge, 1972). The Montana Geological 
Society (Balster, 1971) suggested that the names 
Allan Mountain and Castle Reef should be aban
doned in favor of the more widely used names 
Lodgepole and Mission Canyon. 

BIG SNOWY GROUP NOMENCLATURE 

The Big Snowy Group was named by Scott (1935) 
from exposures in the Little Belt and Big Snowy 
mountains of central Montana (fig. 1). In the north-_ 
ern Little Belt Mountains, he included the Kibbey 
and Otter Formations that were previously describer] 
as part of the Quadrant Group by Weed ( 1899, 
1900). The third formation of the Big Snowy 
Group-the Heath-is absent in the Kibbey and 
Otter type area, but is present in the eastern Little 
Belt Mountains and in the Big Snowy Mountains, 
where it was described by Scott (1935). With few 
exceptions, Scott's (1935) terminology has been 

used in subsequent syntheses; the marked exception 
was Gardner (1959), who expanded the Big Snowy 
Group to include rocks that Scott (1935) and sub
sequent investigators included in the Amsden Group 
(fig. 2). 

AMSDEN GROUP NOMENCLATURE 

Originally, rocks now considered part of the 
Amsden Group were included in the Quadrant For
mation as used by Peale (1893), Weed (1896), Free
man (1922), and Reeves (1931). Freeman (1922) 
divided the Quadrant Formation into the Kibbey 
Sandstone, Otter Shale, Tyler Sandstone, and Alaska 
Bench Limestone (fig. 2). 

Scott (1935) established the Big Snowy Group, 
which included the Kibbey Sandstone, -the Otter 
Shale, and the overlying Heath Shale. Rocks above 
the Heath Shale were placed in the Amsden Forma
tion, named by Darton ( 1904) for similar rocks ex
posed in northern Bighorn Mountains, Wyoming. 
Mundt (1956a) referred to sandstone and shale beds 
between the Heath Shale and the overlying lime
stone as the Tyler Formation and the overlying 
limestone as the Alaska Bench Formation (fig. 2). 
Rocks overlying the Alaska Bench Limestone were 
called the Amsden Formation by Mundt ( 1956a). 
Gardner ( 1959) and Easton ( 1962) placed the con
tact between the Heath Shale and the overlying 
sandstone and red beds at the lithologic break be
tween the black shale and red beds. Gardner named 
this sandstone and red-bed sequence the Cameron 
Creek Formation and used the Alaska Bench For
mation for the overlying limestone. He substituted 
the name Devils Pocket Formation for the overlying 
dolomite and sandstone referred to as Amsden For
mation in earlier studies. Willis (1959) used the 
Tyler Formation to include the lower dark shale in
terstratified with sandstone above the black shale 
of the Heath Formation, which he called the lower 
member. The red shale and interbedded limestone 
sequence above the lower member was named the 
Cameron Creek Member. The carbonate rocks were 
grouped into the Amsden Formation (restricted) 
and divided into two members: the Alaska Bench 
Member and the dolomite member. Rocks above the 
dolomite member were referred to as the Tensleep 
Sandstone. 

Easton (1962) and Gilmour (1967, 1969) used 
essentially the nomenclature suggested by Gardner. 
Gilmour (1969, p. 181) used Tyler Sandstone and 
Bear Gulch Limestone as member designations for 
parts of the Cameron Creek Formation. 
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Maughan and Roberts (1967) and Maughan 
(1975) included all the rocks above the Heath For
mation and below the uppermost sandstone beds 
(Quadrant Formation) as the Amsden Group, con
sisting of the Tyler Formation, Alaska Bench Lime
stone, and Devils Pocket Limestone. The Tyler For
mation was divided into the Stonehouse Canyon 
Member and the overlying Cameron. Creek Member. 
These units are overlain by the Alaska Bench Lime
stone, which, in turn, is overlain unconformably by 
the Devils Pocket Limestone. Maughan and Roberts 
(1967, p. B19) also recommended that this nomen-

.clature be used in the subsurface throughout east
ern Montana to the State boundary where the Min
nelusa Formation is used in North Dakota, South 
Dakota, and eastern Wyoming. They also suggested 
that the strata found in southwestern Montana and 
western Wyoming, approximately equivalent to the 
Amsden Group in central Montana, be referred to as 
the Amsden Formation. 

For this report, the nomenclature suggested by 
Maughan and Roberts (1967) is used. However, the 
use of formations and members should be based 
strictly on lithology and not on questionable uncon
formities in black-shale sequences, or between par
tially dolomitized limestones and totally dolomitized 
limestones. 

QUADRANT FORMATION NOMENCLATURE 

The Quadrant Formation was named by Peale 
(1893). Weed (1896) designated the type locality as 
Quadrant Mountain in the Gallatin Range, Wyom
ing (fig. 1), which included 32 m of limestone and 
shale now referred to as the Amsden Formation. 
Maughan and Roberts (1967, p. B6) used the name 
Quadrant Formation for the quartzite or sandstone 
sequence overlying the Devils Pocket Formation in 
central Montana and the Amsden Formation in 
southwestern Montana. Mallory (1972) also used 
Quadrant "Sandstone" for the same rocks in his syn
thesis of the Pennsylvanian System. Other workers 
(Scott, 1935; Mundt, 1956a; and Willis, 1959) as
signed these rocks to the Tensleep Formation, which 
was named by Darton (1904) from the lower can
yon of Tensleep Creek in the Big Horn Mountains, 
north-central Wyoming. 

The term Quadrant Formation is used in this re
port in accord with workers in the U.S. Geological 
Survey. However, the authors recognize the gen
eral use of Tensleep Sandstone by workers in 
the petroleum industry in central and southern 
Montana. 

GEOLOGIC SETTING 

REGIONAL PALEOTECTONIC SETTING 

Carboniferous sedimentation patterns are closely 
tied to the latest Devonian and Carboniferous tec
tonic framework of the northern Rocky Mountains. 
In eastern and central Montana, this framework 
was dominated by the North American craton. 
Western Montana was the site of the Cordilleran 
miogeosyncline. Because most of the Carboniferous 
strata were removed from western Montana by 
Tertiary erosion, the Carboniferous history of the 
Cordilleran miogeosyncline is incompletely known 
there. However, Huh (1967) documented the craton
miogeosynclinal margin in extreme southwestern 
Montana and adjacent Idaho, where he recognized 
a "transition zone" between these two major tec
tonic elements. Other students of the northern 
Rockies Carboniferous place the craton-miogeosyn
cline boundary in the vicinity of Huh's craton-tran-

. sition line (figs. 3, 4). 

MISSISSIPPIAN PALEOTECTONIC ELEMENTS 

During the latest Devonian and earliest Mississip
pian, the craton in Montana was the site of parts of 
four shallow marine basins (fig. 4), the Bakken and 
Exshaw basins in northern Montana and the Sap
pington-Cottonwood Canyon and Englewood basins 
in the southern part of the State. These basins were 
separated by linear uplifts that may have been a 
cratonic manifestation of the Antler orogeny. The 
largest of these positive features was the central 
Montana uplift, an anticline that separated the two 
northern basins from the two southern basins and 
that probably provided sediment to both sides from 
the weathering and erosion of Cambrian through 
Devonian strata. In eastern Montana, the Cedar 
Creek anticline was similarly active, and as much 
as 230m of Cambrian through Devonian rocks was 
eroded along a high-angle fault on its western flank 
(Sandberg and Mapel, 1967). 

This uppermost Devonian and lowermost Missis
sippian pattern of shallow cratonic basins and up
lifts changed markedly in Early Mississippian time. 
East of the craton-miogeosyncline hingeline, the 
Mississippian cratonic setting of Montana featured 
three major tectonic elements: the Cordilleran plat
form (Sando, Gordon, and Dutro, 1975) in northern 
and southern Montana, the unstable shelf or Big 
Snowy trough in central Montana, and the Williston 
basin in easternmost Montana and adjacent western 
North Dakota (fig. 3). The Cordilleran platform is, 
in turn, divided into a northern Alberta shelf and 
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FIGURE 3.-Mississippian paleostructural features in Montana. The shelf-trough boundaries are drawn on Craig's 450-m 
isopach for the Mississippian. (Map modified from Sando, 1967; Rose, 1976; Sando, 1976; and Craig, 1972). 

a southern Wyoming shelf, both having stable or 
relative~y neutral Mississippian histories. These 
structural elements remained intact during deposi
tion of the Madison Group but began to be modified 
at the onset of Big Snowy deposition (latest 
Meramecian-earliest Chesterian). During accumula
tion of the diverse rocks of the Big Snowy Group, 
the Big Snowy trough was inundated and the 
Wyom-ing shelf formed an east-trending penin
sular feature-the southern Montana arch (Sando, 
1976) -that separated the Wyoming basin to the 
south from the Big Snowy trough on the north. This 
uplift influenced sedimentation until the latest 
Chesterian when parts of the Big Snowy trough 
were uplifted, providing sediment to the Amsden 
Formation of the northward-expanding Wyoming 
basin (Sando, Gordon, and Dutro, 1975; Sando, 
1976). 

PENNSYLVANIAN PALEOTECTONIC ELEMENTS 

At the beginning of Pennsylvanian time, the sea 
occupying the Big Snowy trough was severely re
stricted. Uplift to the north exposed land areas that 

provided much of the terrigenous sediment for the 
Tyler, Alaska Bench, and Devils Pocket Formations. 
The Big Snowy trough continued to subside through 
Morrowan and Atokan time, and deposition was 
more or less continuous in local areas. The Montana 
uplift (Sando, Gordon, and Dutro, 1975) produced 
a large island area in south-central and southeast 
Montana in late Morrowan time. During Atokan 
and Desmoinesian time, large uplifts in the west 
provided sand-sized clastic sediment for the Quad
rant and equivalent formations. 

STRATIGRAPHY 

Carboniferous strata of Montana are divisible into 
four depositional packages, each representing a 
transgressive-regressive event. These packages are, 
in ascending order, the Madison Group, Big Snowy 
Group, Amsden Group, and Quadrant Formation. 
The time value of the hiatus separating these pack
ages is variable, but, in general, is greater on the 
Cordilleran platform than in central Montana and 
the Williston basin. 
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FIGURE 4.-Map of uppermost Devonian and lowermost Mississippian rocks and structural features. Light-shaded areas 
are basins in which rocks of the Bakken, Exshaw, and Englewood Formations and Cottonwood Canyon and Sapping
ton Members accumulated. Unshaded areas in central and eastern Montana are uplifts that separated these basins. 
Dark-shaded areas along the axes of the central Montana uplift and the Cedar Creek anticline are areas where upper
most Devonian and lowermost Mississippian erosion cut down into Cambrian, Ordovician, and Silurian strata. (Map 
modified from Sandberg and Klapper, 1967; Sandberg and Mapel, 1967; and Baars, 1972). 

UPPER DEVONIAN AND LOWER MISSISSIPPIAN 
STRATA 

Black shale and dolomitic siltstone below and at 
the base of the Madison Group unconformably over
lie earlier Devonian and other lower Paleozoic strata 
and record the complex history of the Devonian
Mississippian transition in Montana. Rocks included 
in this sequence are the Bakken and Exshaw Forma
tions, the Sappington Member of the Three Forks 
Formation, and the Englewood Formation. 

The Bakken Formation is restricted to the Bakken 
basin in northeastern Montana (fig. 4). Here, it at
tains a maximum thickness of 42 m in the North 
Dakota part of the Williston basin, and it thins from 
21m along the international boundary to zero on the 
northern flank of the central Montana uplift. The 
Bakken is composed of two black radioactive car
bonaceous shale beds that sandwich a medial dolo-

mitic siltstone and sandstone (Coleville Sandstone 
Member). To the west, the upper black shale has 
been removed by earliest Mississippian erosion on 
the Bearpaw anticline, and an arbitrary western 
limit has been drawn along this axis (Macqueen and 
Sandberg, 1970). Conodonts from the Bakken For
mation indicate a Late Devonian age (lower and 
upper to V), and a spore flora indicates a position 
near the Devonian-Mississippian boundary (Mac
queen and Sandberg, 1970). This boundary may be 
within the Coleville Sandstone Member (fig. 5). 

In northwestern Montana, the Exshaw Forma
tion is a southern extension of that formation from 
Alberta and, according to Macqueen and Sandberg 
(1970), represents a western continuation of the 
basal black shale and medial siltstone of the Bakken 
Formation (fig. 5). The Exshaw Formation is re
stricted to the Exshaw basin that is bounded on the 
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east by the Bearpaw anticline, on the south by the 
Scapegoat-Bannatyne anticline, and on the west by 
the Cordilleran miogeosyncUne (fig. 4). The forma
tion attains its maximum thickness in Alberta and 
is only approximately 40 m thick at the international 
boundary. It thins southward onto the Scapegoat
Bannatyne anticline, where it is less than 6 m thick 
and where the siltstone was removed by erosion in 
early Mississippian time. The basal black carbona
ceous shale is fissile and has at its base a thin phos;.. 
phatic sandstone bed. This bed has been interpreted 
as a basal lag deposit, a product of the erosional in
terval represented by the Three Forks-Exshaw un
conformity (Macqueen and Sandberg, 1970). The 
upper siltstone is calcareous, grading in places to a 
silty limestone. Its contact with the underlying black 
shale is gradational. South of the Scapegoat-Ban
natyne anticline, the basal black shale of the Exshaw 
is equated with a similar shale at the base of the 
Sappington Member of the Three Forks Formation, 
and the medial Exshaw siltstone is considered to be 
equivalent to limestone, siltstone, and shale (units 
2 through 5) of the Sappington Member (fig. 5). 
Conodonts collected from the Exshaw Formation 
north of the international boundary indicate a very 
late Devonian and early Mississippian age for the 
unit, the contact being somewhere within the black
shale unit (Macqueen and Sandberg, 1970). 

The Sappington Member of the Three Forks For
mation occupies the western end of the incipient Big 
Snowy trough, sandwiched between the Scapegoat
Bannatyne anticline and the Wyoming shelf (figs. 
3, 4). lt attains a maximum thickness of approx
imately 30 m in the center of the "Sappington 
basin" ( Gutschick, McLane, and Rodriquez, 1976) 
and thins northward onto the Scapegoat-Bannatyne 
anticline and southward and eastward onto the Wyo
ming shelf. The Sappington Member was divided 
into five units by Sandberg (1962, 1965). These are: 
( 1) a basal black carbonaceous shale, similar to the 
basal shale of the Exshaw, with which i·t is equated: 
(2) an alga-sponge biostromal limestone; (3) a 
lower siltstone; ( 4) a middle olive-gray shale; and 
(5) an ·upper calcareous sHtstone, which is a cliff 
former and which is occasionally cross stratified and 
ripple marked. Analysis of conodont faunas and 
spore floras suggests that units 1 through 4 are all 
latest Devonian but ·that the upper part of unit 4. 
and all of unit 5 are earliest Mississippian (fig. 5). 

The Cottonwood Canyon Member of the Lodge
pole Formation occupies that part of the Cordilleran 
platform called the Wyoming basin. The member is 
in a linear belt from west-central Wyoming to the 

flanks of the Big Snowy uplift in central Montana 
(fig. 4) . Along the axis of this bel:t, thicknesses are 
as great as 18 m, but the unit thins abruptly both 
east and west and is less than 3 m thick over half 
its extent (Sandberg and Klapper, 1967). In Mon
tana, the Cottonwood Canyon Member unconforma
bly overlies the Sappington and Trident Members of 
the Three Forks Formation and is overlain by and 
intertongues in its upper part with the Paine Mem
ber of Lodgepole Limestone. The Cottonwood Can
yon Member is composed of two tongues (fig. 5), 
each of which is divisible into a western shale and 
siltstone facies and an eastern dolomitic facies 
(Sandberg and Klapper, 1967). The base of each 
tongue is characterized by a basal conglomeratic 
sandstone that contains phosphatic nodules, copro
lites, conodonts, fish fossils, and glauconite grains. 
Sandberg and Klapper (1967) interpreted this rock 
as .a lag deposit, the product of erosion and rework
ing during marine transgression. This basal lag 
deposit is similar in character and origin to those 
of the Sappington, Exshaw, and possibly the Bakken 
black-shale beds. The lower tongue of the Cotton
wood Canyon Member is restricted for the most part 
to the Wyoming basin, bears latest Devonian cono
donts, and intertongues with the basal beds of the 
Madison Formation. The upper tongue is more ex
tensive than its lower counterpart, interfingers with 
the Madison Li1mestone, and is entirely of Missis
sippian age (fig. 5), according to Sandberg and 
Klapper's (1967) analysis of conodonts. 

The Englewood Formation unconformably under
lies the Madison-equivalent Pahasapa Limestone in 
the Black Hills and subsurface of southeastern 
Montana. Here, it accumulated in an embayment 
that extended from southeastern Wyoming to cen
tral North Dakota (Sandberg and Mapel, 1967). In 
Montana, the Englewood is 0 to 6 m thick and un
conformably overlies the Devonian Three Forks and 
Jefferson Formations and the Ordovician Bighorn 
Dolomite (Baars, 1972). The Englewood is charac
terized by a basal shale that is overlain by silty 
dolomite, dolomitic limestone, and limestone con
taining beds of sandstone, shale, and siltstone. 
Conodont faunas from the Englewood were sampled 
and analyzed by Klapper and Furnish (1962), 
Sandberg (1963), and Klapper (1966) and deter
mined to be of Late Devonian-Early Mississippian 
age. 

A complex depositional history was proposed for 
these uppermost Devonian and lowermost Mississip
pian rocks by Sandberg and Klapper (1967.), a his
tory that features shallow marine basins isolated 



~ (/) WYOMING 
SOUTHERN MONTANA ALBERTA ROCKY MOUNTAINS 

SOUTHEASTERN ALBERTA l w w AMMONOID CONODONT (SUBSURFACE\ 1- a: WEST-CENTRAL NORTHERN (/) w ZONES ZONES >- (/) (Sandberg and Klapper, 1967) (Sandberg and Klapper, 1967) (Macqueen and Sandberg, 1970) (Macqueen and Sandberg, 197?21 (/) 

Pericyc/us Madison Limestone Lodgepole Limestone Banff Formation Banff Formation 
c (cu Ila) Lower (lower part) (lower part) (lower part) (lower part) 

z co Siphonodella -<( ·a. ere nulato ....5 ?-
a: c. Basal Shale Upper black shale c.. ·u;_ Siphonodella ..S" 
Ci5 -~ t:: ? 

Ul co sandbergi · Cottonwood Canyon Member 
,.... 

~1U1J J l Ullll!JliiiJIII (/) -~ c. r-r"" ... 
Ci5 ~- Siphonodella (upper tongue)r-- ,.... r-r"" 

V\ 
(/) > Gattendorfia duplicata r"",.... r"",.... c 

~ -.:::: (cuI) 

?~ 
.g co 

w Siphonodella c Coleville Sandstone co 
7 L- L- 0 E 

sulcata ~~ Upper · Qj ~ 
·.o: Member 0 co 

siltstone r E LL. 

Madison Limestone { 
.c 

Wocklumeria !}Medial shale E 0 c 
Q) 

(toN) Q) 
~ LL. 7 .:.1. 

r-.. (lower part) ~ ~ ~ .:.1. 
Lower black shale 3: co 1m ~-~ siltstone c c 

~ 
co co 

Lower 0 0 ) .c 
Spathognathodus - ;;;; Biostromal 0, ·.o: 

' 
Ul 

co'l~~~o1d 1c~~Jo~ v 
co X 

c C/ymenia co status limestone c E w Lower black shale 
z co (to V) ·a. 

0 '-
<( ·c: Upper Basal black c. 

z c..-... Po~gnathus I I Memberl I shale 
co LL. 

>t:: (/) 
Ul 

0 Q) co h yriaca r (lower tonl}ue) .:.1. 

J IJIJ IJ 11 11 l1JJJlllilW1U w > o.e 0 
w Q) 

Scaphignathus 
LL. .... Platyc/ymenia IlL,........ 1.-o --c co Q) 

...J (to III-N} uelifera Q) COstigan Member 
._.. 

bl""" Trident Member ..c ~ c Big Valley Formation c 
.... o ::Jc. 1- Q) ..... 

IlL,.. UlCO E;:, 
Cheiloceras Ill- Morro Member :E coo 

Logan Gulch Member Stettler Formation .C'-co .... co(!) 
(to II) v-1...1 a..o 

LL. ~ 

FIGURE 5.-Stratigraphic relationships of uppermost Devonian and lowermost Mississippian strata in northern Wyoming, southern Montana, and south
ern Alberta. (Modified from Sandberg and Klapper, 1967; Sandberg, 1965; Gutschick, Suttner, and Switek, 1962; and Macqueen and Sandberg, 1970). 

>< 
"'"""' ~ 

1-3 
::Il 
tz:.j 

~ 
1-4 
rn 
rn 
1-4 
rn 
rn 
1-4 

'"0 
'"0 

> z 
> z 
t:l 
'"0 
tz:.j 

z 
z 
rn 
l<l 
t"" 
<! 
> z 
> z 
rn 
l<l 
rn 
1-3 
tz:.j 

~ 
rn 
1-4 

z 
1-3 
::Il 
tz:.j 

c: 
z 
1-4 

1-3 
tz:.j 

t:l 
rn 
1-3 
> 
1-3 
tz:.j 
rn 



MONTANA X13 

by Antler orogeny-related cratonic uplifts and by 
minor transgressions and regressions. 

In the latest Devonian (Lower to V), a marine 
transgression took place that inundated the shallow 
marine basins of the Montana craton (fig. 4). This 
transgression is recorded by the basal sandstone and 
black shale of the Sappington, Exshaw, and Bakken. 
The sandstone in each of these units represents lag 
accumulations on the weathered and eroded surface 
of the Three Forks Formation. Fine-grained clastic 
debris was probably derived from weathering and 
erosion of low-lying, basin-separating uplifts (fig. 
4) and was deposited in shallow stagnant marine 
water. 

Accompanying this brief transgression were more 
intense movements of the uppermost Devonian and 
lowermost Mississippian arches and uplifts, most 
notably the central Montana uplift and the Cedar 
Creek anticline (fig. 4). Erosion of these and other 
positive elements provided coarser sediment to the 
regressing latest Devonian sea, resulting in the ac
cumulation of the medial siltstone of the Bakken 
Formation, the upper siltstone of the Exshaw, and 
units 2 through 5 (Sandberg, 1965) (units E 
through H of Gutschick, Suttner, and Switek, 1962) 
of the Sappington Member of the Three Forks For
mation. These sediments accumulated in a variety 
of intertidal and subtidal depositional environments 
in the Bakken, Exshaw, and Sappington basins. 

At the same time that the sea was regressing from 
the Montana basins and these coarser clastic rocks 
were accumulating there, the lower tongue of the 
Cottonwood Canyon Member of the Lodge·pole Lime
stone was deposited in a shallow trangressive sea 
in the Cottonwood Canyon or Wyoming basin in 
western Wyoming. Here, deposition of the basal 
black shale and sandstone of the lower tongue took 
place in an environment similar to that of the ear
lier Montana basins. This stagnant marine environ
ment gave way in time and space to less restricted 
environments in which the lower part of the Madi
son Limestone was deposited during latest Devo
nian time (Upper V and to IV) . This initial trans
gression of the Madison sea was short lived, ending 
in a brief regression during earliest Mississ-ip
pian time (Lower cuI). At approximately this same 
time, the sea may have regressed from the Sapping
ton basin, but shallow seas continued to occupy the 
Exshaw and Bakken basins, and black shale and 
siltstone continued to accumulate there. However, 
prior to the invasion of the craton by the second 
and major advance of the Madison sea, these shal
low seas regressed from all the Montana basins, 

with the exception of the western part of the Sap
pington basin (Sandberg and Klapper, 1967), pro
ducing the interregional unconformity shown in 
figure 5. 

The second advance of the Madison sea was not 
restricted to isolated basins and embayments as was 
the first transgression, but was an eastward trans
gression along the entire length of the Cordilleran 
miogeosyncline (Sandberg and Klapper, 1967). Dur
ing this relatively rapid transgression, the basal lag 
sandstone and black shale of the upper tongue of the 
Cottonwood Canyon Member accumulated in shallow 
stagnant environments, as did the contemporaneous 
upper black shale of the Bakken Formation (fig. 5). 
As transgression continued, these stagnant condi
tions gave way to the more agitated and oxygenated 
environments in which the shale and siltstone facies 
and dolomite facies of the upper tongue of the Cot
tonwood Canyon Member were deposited in inter
tidal and shallow subtidal environments. As the 
transgressing Madison sea rapidly engulfed and ef
fectively mantled sources of detrital sediment, the 
bioclastic facies at the base of the Paine Member of 
the Lodgepole Limestone was deposited in a series 
of shoals. This coarse-grained, glauconitic, bioclastic 
limestone spread rapidly eastward across the stable 
and unstable shelves of Montana in response to the 
rapid expansion of the shallow detritus-free Madi
son sea. 

MADISON GROUP 

Excellent syntheses of sedimentation, stratig
raphy, paleontology, and depositional history of the 
Madison Group in Montana and adjacent areas have 
been published by Craig (1972), Sando (1976), Rose 
(1976), and Gutschick, McLane, and Rodriguez 
(1976), and comprehensive lists of references are 
found in these papers. 

The Madison Limestone covers all of Montana ex
cept for the centers of Tertiary uplifts and the 
northwestern part of the State, where it was re
moved by Tertiary erosion. It is a blanket of lime
stone and dolomite that reaches maximum thick
nesses of 550 to 660 m in the Big Snowy trough and 
Williston basin, respectively, 600 m in the miogeo
syncline of extreme southwestern Montana, and that 
ranges in thickness from 200 to 450 m on the Wyom
ing and Alberta shelves (fig. 6). The northward 
thinning is due to pre-Jurassic erosion; the south
ward thinning is primarily depositional, although 
original thicknesses may have been modified here 
by the formation of a late Mississippian karst across 
much of the area (Henbest, 1958; Roberts, 1966; 
Sando, 1974). 
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FIGURE 6.-Total thickness of Mississippian rocks in Montana. Light-shaded area indicates extent of Big Snowy Group. 
Isopach values are given in meters, and isopachs are modified from those of Sando (1976) and .McMannis (1965). 

In Montana, the Madison Group is composed of 
the Lodgepole, Mission Canyon, and Charles Forma
tions. The Lodgepole is divided into the Cotton
wood Canyon, Paine, and W oodhurst Members. 
These rocks are products of the first major trans
gression of the Madison sea onto the North Ameri
can craton in Montana. The Lodgepole records (1) 
the initial rapid inundation of the Montana stable 
and unstable shelves, beginning with the accumula
tion of shallow-water sediments of the Cottonwood 
Canyon Member; (2) accumulation of deeper water 
deposits in the Big Snowy trough and expansion of 
the Madison sea on the Cordilleran platform as 
transgression continued; and (3) progradation of 
shallow-water carbonate sediment from the stable 
shelves across the Big Snowy trough, bringing to a 
close the deeper water phase of Lodgepole deposi
tion. The Mission Canyon and Charles Formations 
accumulated as the Madison sea began to retreat 
prior to the late Mississippian emergenc~ of the 
craton. 

The biostratigraphic studies of conodonts, foram
inifers, and corals and brachiopods summarized by 

Sando, Mamet, and Dutro (1969) indicate that the 
Lodgepole is Kinderhookian and early Osagean and 
that the Mission Canyon and Charles are late 
Osagean and early Meramecian. 

LODGEPOLE LIMESTONE 

The Lodgepole Limestone is a slightly lenticular 
deposit 240 m thick in the Big Snowy trough and 
Williston basin; it thins northward to 170 m in the 
Little Rocky Mountains on the Alberta shelf and 
southward to 130 to 150 m in the Beartooth Moun
tains on the Wyoming shelf. In the miogeosyncline 
of extreme southwestern Montana, the Lodgepole is 
more than 300 m thick. Lodgepole strata uncon
formably overlie Upper Devonian rocks throughout 
most of Montana, except along the central Montana 
uplift and the Cedar Creek anticline, where they 
overlie rocks as old as Cambrian and Ordovician 
(fig. 4). 

Throughout most of Montana, the Lodgepole 
Limestone is divided into two members, the Paine 
and the Woodhurst. However, in southwestern Mon
tana, a third member is present where the upper 
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tongue of the Cottonwood Canyon Member inter
tongues with and is overlain by the widespread bio
clastic and glauconitic limestone at the base of the 
Paine Member. A similar stratigraphic configura
tion exists in north-central and northeastern Mon
tana, where the upper black shale of the Bakken 
Formation unconformably overlies the medial Bak
ken siltstone but conformably underlies the Lodge
pole Limestone (fig. 5). In northwestern Montana, 
temporal and lithologically equivalent strata are 
called the Allan Mountain Limestone, which is 
divided into three unnamed members (fig. 2). 

The Paine Member of the Lodgepole Limestone is 
most extensive and thickest in the Big Snowy trough 
in central Montana, where it is 75 to 90 m thick. 
From this slight thickening along the axis of the 
trough, the Paine Member thins north and south 
onto the Alberta and Wyoming shelves. On the 
Wyoming shelf, the Paine Member thins to 45 m be
fore it becomes indistinguishable by intertonguing 
with the lower dolomite member of the Madison 
Formation (Sando, 1972). 

At the base of the Paine Member, Upper Devo
nian strata or the siltstone of the Cottonwood Can
yon Member are overlain by a widespread but dis
continuous sheet of light-gray bioclastic and 
glauconitic limestone 0 to 17 m thick. Rocks of this 
unit are both micritic and sparry and are composed 
of coarse fragments of crinoids, brachiopods, bryo
zoans, and corals. This basal unit is abruptly over
lain by 30 to 70 m of uniformly thin-bedded dark 
argillaceous lime mudstone and calcareous shale. 
Alternation of these rocks produced the distinctive 
rhythmic outcrop pattern of the Paine Member. 
These dark lime mudstone beds are characterized by 
a sparse fauna of crinoids, corals, bryozoans, bra
chiopods, and spicules of unknown origin, in addi
tion to the trace fossils Cosmoraphe and Scalarituba 
(Gutschick, McLane, and Rodriguez, 1976). Large 
"interformational truncation surfaces" and smaller 
scale soft-sediment deformation features are also 
found in this dark lime mudstone (Wilson, 1969; 
Smith, 1977). 

The dark lime mudstone of the Paine Member en
closed lime mud bioherms in the Bridger Range and 
the Big Snowy Mountains, as well as in several 
other localities in central Montana and along the 
Cedar Creek anticline. These are "W aulsortian" 
bioherms, comparable with those of similar age in 
North America and Europe (Cotter, 1965, 1966; 
Stone, 1972). The cores of these bioherms are char
acterized by alternating bioclast-rich and bioclast
poor layers, inclined at as much as 35° to the en-

closing dark lime mudstone bedding and traceable 
vertically for as much as 50 m. Fossil components 
of these layers are more diverse than those of the 
enclosing dark lime mudstone and include crinoids, 
fenestrate bryozoans, brachiopods, coelenterates, 
and mollusks (Merriam, 1958). Between bioherm 
cores is a flank facies, composed of large crinoid 
fragments in a lime-mud matrix. 

The upper few meters of the Paine Member is 
gradational from dark lime mudstone to thicker 
bedded, lighter colored, pellet and bioclastic Hme
stone beds. The top of the member is placed " ... at 
the base of the lowest crinoidal limestone bed, which 
marks the beginning of cyclical alternation of cri
noidallimestone (commonly oolitic) and shaly, pre
dominantly fine grained limestone characteristic of 
the Woodhurst Member" (Sando and Dutro, 1974, 
p. 4). 

The Woodhurst Member of the Lodgepole Lime
stone is easily distinguished from the underlying 
Paine Member by its distinctive outcrops of medium 
to thick resistant beds that are cyclically inter
spersed with recessive units of thinner beds. This 
member is more widespread than the Paine Member 
and occurs not only in central Montana but also on 
the Cordilleran platform in southern and northern 
Montana. The W oodhurst Member is nearly 180 m 
thick in the Big Snowy trough in central Montana, 
thinning to less than 90 m to the north and south 
on the Alberta and Wyoming shelves. 

Woodhurst lithologies are arranged in cyclic 
packages, each package consisting of a thin-bedded, 
fine-grained, nonresistant lower part that is capped 
by more thickly bedded, coarser grained bioclastic 
and oolitic limestone beds that form distinctive re
sistant ledges. Definition of these cycles has varied, 
from the 28 described by Laudon and Severson 
(1953) in the Bridger Range to the 5 to 8 described 
by Wilson (1969) and Smith (1972) from central 
Montana. A typical Woodhurst cycle begins with a 
mixed oolite and bioclastic lime grainstone interval 
that commonly overlies an undulating surface on 
top of the capping bed of the previous cycle. Over
lying this initial unit are thin beds of pellet and 
bioclastic grainstone and packstone beds. Bioclastic 
components in these beds inClude crinoid fragments, 
dasyclad algae, fragments of bryozoans, and endo
thyrid foraminifers. These beds grade upward into 
more bioclast-rich, cross-stratified lime grainstone 
beds which are capped by resistant thick-bedded 
oolitic and bioclastic grainstone beds that complete 
the cycle. This capping bed is composed of ~rinoid
cored oolites and abundant crinoid debris and is 
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characterized by trough cross-stratification and 
ripple-drift cross-lamination (Jenks, 1972). 

hookian Siphonodella sandbergi-S. duplicata Zone 
and is included in the Cordilleran megafauna! pre-A 
Zone and global foraminiferal pre-7 Zone. The Paine 
Member is also included in the pre-7 Zone but is 
characterized by Kinderhookian Zone A corals and 
brachiopods and by conodonts of the Siphonodella 
crenulata Zone (Sandberg and Klapper, 1967). The 
Woodhurst Member includes the latest Kinder
hookian-early Osagean megafaunal C1 Zone and 
foraminiferal zone 7 and the lower part of zone 8 
(fig. 7). 

The contact of the W oodhurst Member is con
formable with the overlying Mission Canyon For
mation and is generally placed at the base of the first 
massive cliff-forming limestone bed above the base 
of the Madison Group. According to Sando and 
Dutro (1974, p. 4), " ... the top of the Woodhurst 
is placed at the top of the highest shaly, thin-bedded, 
predominantly fine grained limestone beneath the 
thicker crinoidal beds of the Mission Canyon." 

According to Sando, Mamet, and Dutro (1969), 
the Lodgepole Limestone includes two foraminiferal 
zones and part of a third, four coral-brachiopod 
megafauna} zones (fig. 7), and, at its base, three 
conodont zones (fig. 5). The Cottonwood Canyon 
Member contains conodonts of the early Kinder-

The depositional history of all or part of the 
Lodgepole Formation has been reviewed by Sando 
(1976); Gutschick, McLane, and Rodriguez (1976); 
Rose (1976) ; Rodriguez and Gutschick (1970) ; 
Sandberg and Klapper (1967) ; and Smith (1972, 
1977). 
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Lodgepole strata record the initial incursion of the 
Madison sea from the Cordilleran miogeosyncline 
onto the craton in Montana. This transgression be
gan in latest Devonian time and resulted in the ac
cumulation of the Cottonwood Canyon Member in 
southwestern Montana and the upper black shale of 
the Bakken Formation in the northeastern corner of 
the State. These rocks were deposited over an irreg
ular erosion surface in shallow basins between 
latest Devonian-earliest Mississippian tectonic ele
ments. Rocks of the Cottonwood Canyon Member 
occur in two facies tracts-an eastern dolomitic 
shale and siltstone facies deposited in shallow-water 
marine environments at the rapidly advancing mar
gin of the Madison sea, and a western siltstone and 
shale facies that accumulated in slightly deeper 
offshore marine environments (Sandberg and Klap
per, 1967; Rodriguez and Gutschick, 1970). Clastic 
sediments for these facies were probably provided 
by low-lying uplifts adjacent to this shallow basin. 

Continued rapid transgression in the late Kinder
hookian resulted in the deposition in shallow agi
tated water of the widespread bioclastic and 
glauconitic limestone at the base of the Paine Mem
ber as low-lying terrigenous sediment sources were 
progressively inundated and effectively mantled. 
Sedimentation apparently kept pace with the com
bined effects of downwarping of the incipient Big 
Snowy trough and rising sea level. 

As rapid transgression of the late Kinderhookian 
Madison sea continued to its latest Kinderhookian 
maximum, downwarping of the Big Snowy trough 
and (or) rise of sea level exceeded rates of car
bonate and terrigenous sediment influx, resulting in 
deeper water environments there. Along the slope of 
this trough, lime-mud bioherms were raised by the 
combined activities of crinoids and bryozoans from 
the shallow sea floor into shallower water. 

At this same time, shallow-water carbonate sedi
ments were deposited on the Wyoming shelf (Sando, 
1972). However, between the Big Snowy trough and 
the Wyoming shelf, there was no abrupt break-in
slope and attendant marginal carbonate buildups. 

During the early Osagean, regression of the Madi
son sea began and subsidence of the Big Snowy 
trough diminished. In the trough, deeper water con
ditions that prevailed during deposition of the Paine 
Member gave way to shallower depositional environ
ments, resulting in the cessation of bioherm growth 
and an increase in the bioclastic content of the lime
stones that overlie the dark rhythmic lime mudstone 
beds. On the Wyoming shelf, and probably on the 
Alberta shelf, carbonate production and accumula-

tion exceeded subsidence, resulting in northward 
and southward progradation of oolitic and bioclastic 
shoals of the W oodhurst Member across the Big 
Snowy trough. 

Widespread intertidal and subtidal environments 
prevailed throughout Montana during the first half 
of Osage time, and bioclastic and oolitic shoal and 
finer grained intershoal carbonate sediments ac
cumulated. Alternate high- and low-energy shallow
water lithotopes migrated across the State in re
sponse to minor transgressions and regressions 
(Sando, 1976) or to some combination of eustatic 
change, varying rates of carbonate production, and 
differential subsidence (Smith, 1977). The migra
tion of these shoal and intershoal lithotopes pro
duced the cycles that characterize the Woodhurst 
Member. 

MISSION CANYON LIMESTONE 

The Mission Canyon Limestone is a prominent 
cliff- and ridge-forming limestone above the less 
resistant Lodgepole Limestone and below the reces
sive Big Snowy and Amsden Groups. The formation 
is present throughout the State, except where it has 
been removed by Tertiary erosion. However, the 
original thickness and lithologic distribution is 
masked by Triassic and Early Jurassic erosional 
thinning in the northern part of Montana. 

The Mission Canyon Limestone conformably over
lies the Lodgepole Limestone and is, in turn, over
lain by various upper Paleozoic and Mesozoic strata. 
In the Big Snowy trough, the Mission Canyon is un
conformably overlain by the Big Snowy Group. How
ever, to the north, it is unconformably overlain by 
the Jurassic Sawtooth and Nesson Formations. 
South of the Big Snowy trough, the Mission Canyon 
is unconformably overlain by the Pennsylvanian 
Amsden Formation, the contact marked by a re
gional karst surface (Roberts, 1966; Sando, 1974). 

The Mission Canyon Limestone is thickest in the 
Big Snowy trough and Williston basin (300 m), 
thinning northward because of Triassic and early 
Jurassic erosion and southward because of deposi
tion. This lenticular geometry reflects the relative 
negative and positive aspects of these paleotectonic 
elements both during and after deposition of the 
Mission Canyon Limestone. 

The Mission Canyon Limestone is characterized 
by less detrital sediment than is the underlying 
Lodgepole; it is composed of massive beds of lime
stone and dolomite, the percentage of dolomite in the 
formation generally increasing southward onto the 
Wyoming shelf (Andrichuk, 1955). Interbedded 
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with these carbonate rocks in the upper part of the 
formation are beds of gypsum or anhydrite in the 
subsurface that are manifest in surface sections as 
solution breccia zones (Roberts, 1966). Evaporite 
beds are more abundant in the Big Snowy trough 
and Williston basin than they are on the northern 
and southern shelves (Craig, 1972). 

On the shelf in southern Montana, Sando (1972) 
delineated three members of the Mission Canyon: 
the lower limestone member, the cliffy limestone 
member, and the Bull Ridge Member, in ascending 
order. The lower limestone member ranges from 85 
to 100 m in thickness and is the time-stratigraphic 
equivalent of the cherty dolomite member of Wyom
ing (Sando, 1972). The base of this member consists 
to 15 to 30 m of cross-stratified, oolitic, and crinoi
dal limestone. This basal unit is overlain by inter
bedded limestone and dolomite, and the top of the 
member is placed at the base of a widespread evap
orite solution breccia. The cliffy limestone member 
includes this 7.5 to 15-m-thick breccia at its base. 
This breccia bed appears in most sections of south
western Montana and is the "lower solution zone" of 
Sando (1972). Above this breccia, the cliffy lime
stone member consists of 55 to 70 m of cliff-forming 
oolitic and bioclastic limestone and dolomitized lime
stone. The Bull Ridge Member is 3 to 36 m thick, 
and its base is characterized by an evaporite solu
tion breccia or brecciated dolomitic siltstone and 
shale interval 3 to 7.5 m thick, the "upper solution 
zone" of Sando (1972). Above this breccia, the 
member consists of cherty bioclastic limestone. 
Brecciation in the Bull Ridge Member is common; 
red sand, clay, and silt from Pennsylvanian erosion 
and deposition fill cavities and sinkholes (Sando, 
1972). 

Although these three members have not been ex
tended out of the Beartooth Mountains area, the 
lower breccia zone has been extended to the type 
section at Logan, as well as to the Monarch section 
in the Big Snowy Mountains (Sando and Dutro, 
1974). The upper breccia zone has been correlated 
only through the Beartooth Mountains. Because it 
is roughly coincident with the Osagean-Meramecian 
boundary, it is a good correlation horizon (Sando, 
1972). However, in both the Logan and Monarch 
sections, this breccia may be absent because of non
deposition and is absent in the type section of the 
Mission Canyon because of pre-Jurassic erosion. 

In its type area in the Little Rocky Mountains, 
the Mission Canyon section was abbreviated by pre
Jurassic erosion, and the 90 m of section there is 
considered to be the time-equivalent of the lower 

two-thirds of the lower limestone member in the 
Beartooth Mountains (Sando and Dutro, 1974, pl. 
1). In the Little Rockies, the Mission Canyon con
sists of medium- to coarse-grained crinoidal lime
stone in beds reaching a maximum thickness of 
1.5 m. These coarse-grained beds are interbedded 
with finer grained limestone. Both limestone types 
contain lentils and nodules of chert that may con
stitute as much as 20 percent of the section. 

In northwestern Montana, Mudge, Sando, and 
Dutro (1962) and Mudge (1972) used the term 
Castle Reef Dolomite for time-stratigraphic equiv
alents of the Mission Canyon Limestone. This unit 
was divided into a lower member and the Sun River 
Member. The lower member is 116 to 156m of thick
bedded, fine to coarsely crystalline dolomite and 
limestone. Many of the coarsely crystalline lime
stone beds are crinoidal and are cross stratified. The 
Sun River Member ranges from 76 to 100m in thick
ness and correlates with the upper part of the Mis
sion Canyon in the Three Forks area (Mudge, 1972). 
It contains thin to thick beds of very fine to medium 
crystalline dolomite interbedded with thick lenses of 
dolomitized crinoidal limestone. The upper part of 
the Sun River Dolomite contains sandstone lenses 
that are interpreted as Jurassic cave fillings, but the 
karst surface that is so extensive over the southern 
part of the State is absent here (Mudge, 1972). 

The Charles Formation has been the subject of 
controversy since Seager ( 1942, p. 863) applied the 
name to a "series of interbedded limestones, dolo
mite, anhydrite, and some shales" in a well in cen
tral Montana (fig. 1). Sloss (1952, p. 67) described 
the Charles of the Williston basin as "three major 
evaporite cycles which include normal fossiliferous 
limestones, sugary dolomites, dense dolomites, and 
anhydrite in upward succession." The base of the 
Charles is usually picked at the base of the lowest 
evaporite; the top is the unconformable contact with 
the Kibbey Formation of the Big Snowy Group. At
tempts have been made to identify the Charles For
mation in outcrops of central Montana but "it is 
defined on criteria that are difficult to use with pre
cision in outcrop areas" (Sando and Dutro, 1974, p. 
2). Until definitive stratigraphic work has refined 
knowledge of the relationship between the Charles 
and the Mission Canyon, the Charles is probably 
best considered as the subsurface lithic and temporal 
equivalent of the upper part of the Mission Canyon 
Formation (Sloss, 1952), and the use of the term 
should be restricted to the subsurface of the Willis
ton basin (Sando and Dutro, 1974). 
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The Mission Canyon Limestone and its equiva
lents include three and part of two more foraminif
eral zones and two coral-brachiopod megafauna! 
zones (fig. 7). Both biostratigraphic schemes give 
the formation a middle Osagean to early Merame
cian age (Sando, Mamet, and Dutro, 1969). 

The depositional history of the Mission Canyon 
Limestone and its equivalents was summarized by 
Andrichuk (1955) and recently by Rose (1976) and 
Sando (1976). These summaries suggested that Mis
sion Canyon carbonate and evaporite strata record 
the regression of the Madison sea from the craton 
in Montana. As shallowing and exposure progressed, 
the shelves became the sites of sabkhas and salt pans 
in which evaporites were deposited; dolomitizaton 
of intertidal and subtidal limestone took place at 
the same time. Progressive shallowing of the Madi
son sea also restricted circulation, which led to the 
accumulation of thick evaporite beds in the Big 
Snowy trough and Williston basin. Periodic freshen
ing of the sea by normal marine water, related to 
transgressive pulses of the major regression or to 
differential sedimentation and epeirogenic warping, 
probably accounted for the carbonate-evaporite 
cycles that characterize both basins and shelves. 

After its early Meramecian restricted phase, the 
Madison sea withdrew from most of the craton in 
Montana, exposing the upper part of the Mission 
Canyon and its equivalents to subaer!al weathering 
and subsequent karst formation prior to the later 
Meramecian and earliest Chesterian transgression 
of the Big Snowy sea. 

BIG SNOWY GROUP 

The lithology, stratigraphy, and paleontology of 
the Big Snowy Group have been described by Scott 
(1935), Walton (1946), Mundt (1956a, b), Willis 
(1959), Easton (1962), Maughan and Roberts 
(1967), Harris (1972), Craig (1972), Jensen and 
Carlson ( 1972), and Sando, Gordon, and Dutro 
(1975). The least known but probably the most de-
tailed of these studies is that of Harris (1972), who 
measured 58 Big Snowy sections in central Montana 
and who also used existing subsurface data in his 
synthesis. Much of the following is from Harris' un
published work. 

The Big Snowy Group is restricted to the Big 
Snowy trough in central Montana, the Williston 
basin in eastern Montana, and an extension of the 
Big Snowy trough in southwestern Montana (fig. 
6). In central Montana, the Big Snowy trough was 
bordered on the north by the "Milk River uplift" 
of Maughan and Roberts (1967) and on the south 

by the southern Montana arch (Sando, 1976). The 
group is thickest (360 m) along the axis of the Big 
Snowy trough; it thins abruptly north and south 
away from the trough axis. To the north, this thin
ning is due, in part, to pre-Jurassic erosion (Maug
han and Roberts, 1967). South of the trough, the 
thinning is due to a combination of depositional 
thinning and latest Chesterian erosion (Sando, 
Gordon, and Dutro, 1975; Sando, 1976). 

In the Big Snowy trough of central Montana and 
the Williston basin, the Big Snowy Group consists 
of three formations-the Kibbey Sandstone and the 
Otter and Heath Formations, in ascending order 
(fig. 7). However, in southwestern Montana, where 
these members have not been formally delineated, 
the Big Snowy has formational rank. Rocks of the 
Big Snowy Group are interpreted as products of the 
second major Mississippian transgression in Mon
tana. The Kibbey is the basal transgressive unit, 
deposited at the eastward-advancing margin of the 
Big Snowy sea ; the Otter consists of shale and lime
stone, deposited just offshore from the Kibbey; and 
the Heath is an accumulation of dark limestone and 
shale along the axis of the Big Snowy trough 
(Sando, Gordon, and Dutro, 1975). These forma
tions are a classic diachronous transgressive se-
quence (fig. 7), older in southwestern Montana 
(latest Meramecian), progressively younger east
ward in the Big Snowy trough of central Montana 
(earliest Chesterian), and youngest in the Williston 
basin of eastern Montana (middle Chesterian) 
(Sando, 1976). 

KIBBEY SANDSTONE 

The contact of the Kibbey Sandstone with the 
underlying Madison Group is reported to be con
formable in eastern Montana and in the center of 
the Big Snowy trough in central Montana (Maug
han and Roberts, 1967; Harris, 1972), where it is 
said to intertongue with or conformably overlie the 
Charles Formation or its Madison Group equivalent. 
However, these same workers stated that the ·Big 
Snowy Group rests unconformably on Madison 
strata in southwestern Montana, as well as in the 
southern part of the Big Snowy trough in central 
Montana. These interpretations suggest that during 
the regressive phase of the latest early Meramecian, 
the Madison sea regressed from the central and 
western parts of the Big Snowy trough; it remained 
as an isolated marine body in the more negative 
eastern parts of the trough and Willistqn basin, 
producing the Madison-Big Snowy unconformity in 
western and central Montana and the conformable 
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and intertonguing relationships between these 
groups in the eastern trough and Williston basin. 

Counter to this view is the concept that the Madi
son sea retreated from the Big Snowy trough and 
the Williston basin, as well as from the surrounding 
shelf areas during the latest early Meramecian 
(Sando, Gordon, and Dutro, 1975; Sando, 1976), 
producing a major disconformity between the Madi-
son and Big Snowy Groups. In support of this con
cept, Sando (1978) identified megafauna} zone D 
corals 15 to 20 m below the top of the Charles For
mation in the subsurface of the Williston basin. Ad
ditional faunal evidence bearing on this problem was 
provided by Scott (1945) and Easton (1962), who 
indicated that faunas from the Otter Formation are 
Chesterian. Inasmuch as the age of the intervening 
Kibbey Formation has not been definitely estab
lished by fossil evidence, at least three and possibly 
four megafauna! zones are absent at the Madison
Big Snowy contact. The absence of these fossil 
zones, the classic transgressive stratigraphic and 
sedimentologic sequence of the Big Snowy Group, 
the paleogeographic problem presented by an 
isolated marine body in a cratonic basin, and similar 
stratigraphic relationships of the Darwin Sandstone 
in Wyoming, all strongly suggest the presence of an 
interregional disconformity between the Madison 
and Big Snowy Groups. 

The Kibbey Formation is thickest along the north
ern edge of the Big Snowy trough (76 m), thinning 
abruptly to the north and south. In southwestern 
Montana, the Kibbey equivalent is 45 m thick. 
Where the formation is thickest and most extensive 
in central and ·eastern Montana, Harris ( 1972) 
delineated three informal members. The lower mem
ber is 0 to 30 m thick and consists of red shale con
taining beds and lenses of green shale, sandstone, 
and gypsum. The middle member is 1.5 to 12 m thick 
and occurs only in the middle and eastern parts of 
the Big Snowy trough. In the central Montana part 
of the trough, this member is composed of dolomite 
containing thick gypsum beds. However, in the east
ern part of the trough, this dolomite grades into 
oolitic and fragmental limestone (Rawson, 1968). 
The upper member of the Kibbey consists of fine
grained quartz sandstone and interbedded red and 
gray shale and lenses of dolomite. This member is 
46 m thick in the axis of the Big Snowy trough, 
where shale is the predominant rock type. At the 
southern margin of the trough, sandstone is 
dominant. 

The Kibbey Formation is interpreted as intertidal 
to subtidal deposits at the leading edge of the ad-

vancing Big Snowy sea. During deposition of the 
lower member, sand from the craton accumulated 
along high-energy shorelines at the same time as 
finer-grained detritus was deposited in intertidal and 
shallow subtidal environments. Thick beds of gyp
sum interbedded with these clastic rocks indicate 
that circulation of shallow marine water in the Big 
Snowy trough must have been spatially and tempo
rally restricted, probably by a combination of the 
irregular topography of the eroded Madison surface, 
minor transgressive-regressive fluctuations of the 
Big Snowy sea, and gentle epeirogenic activity in the 
trough. Similar environmental controls and configu
rations prevailed during deposition of the middle 
member of the Kibbey, but the supply of coarse 
clastic debris from the craton had diminished and 
parts of the Big Snowy trough were less restricted, 
resulting in the accumulation of evaporite and dolo
mite in central and western Montana and oolitic and 
bioclastic limestone in the eastern Big Snowy trough 
and Williston basin. This facies pattern of rocks 
of hypersaline origin in the western . part of the 
trough and normal marine limestone in the eastern 
part of the trough and the Williston basin presents 
a paleogeographic problem concerning the source 
of the water for this marine embayment. Rawson 
( 1968) suggested that normal marine water fed into 
the Williston basin from a northwestern link with 
the Cordilleran miogeosyncline. An equally strong 
argument may be made for nonrestricted flow of 
normal marine water through the Big Snowy trough 
from the Cordilleran miogeosyncline on the west to 
the Williston basin on the east, peripheral shallow 
restricted embayments providing sites for evaporite 
accumulation at the margins of the trough. The up
per member of the Kibbey records an influx of 
coarser clastic material from the Canadian shield 
(Ballard, 1964; Harris, 1972), sand that was depos
ited in high-energy intertidal shoreline environ
ments near the margins of the Big Snowy trough. 
However, shale dominates this member in the cen
tral part of the trough, suggesting deeper quieter 
depositional conditions there. 

Throughout most of Montana, the Kibbey grades 
into the Otter through 3 to 6 m of intertongued 
typical Kibbey sandstone beds and light-gray shale 
typical of the Otter. However, in parts of southwest
ern Montana, the Kibbey and Otter are unconforma~ 
bly overlain by the Tyler Formation equivalent 
(Sando, Gordon, and Dutro, 1975). 

OTTER FORMATION 

The Otter Formation or its equivalents occur 
throughout the Big Snowy trough, the Williston 
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basin, and southwestern Montana (Sando, Gordon, 
and Dutro, 1975). Along the trough axis, the for
mation is 150 m thick, but it thins abruptly to a 
featheredge to the north and south. In central Mon
tana, Harris (1972) divided the Otter into three 
informal and unnamed members. The lower member 
is 75 m thick along the trough axis and consists pre
dominantly of gray and dark-gray shale and inter
bedded green and maroon shale, thin sandstone 
lenses and beds, dolomite, and thin beds of stroma
tolitic and oolitic limestone. Green shale and dolo
mite predominate along the southern margin of the 
trough, and dark-gray shale and limestone are dom
inant in the trough axis. The middle member of the 
Otter is 35 m thick in the Big Snowy trough and is 
predominantly oolitic, pelletal, bioclastic, stroma
tolitic, and micritic limestone containing minor beds 
of green to dark-gray shale, cherty dolomite, and 
gypsum. The darker rocks generally occupy the 
center of the trough; the green shale and dolomite 
are found at the southern trough margin. The upper 
member is 90 m of green shale containing lenses of 
variegated calcareous and siliceous shale and beds 
of chert-rich, stromatolitic, oolitic, and bioclastic 
}jmestone. These light-colored rocks dominate the 
upper member along the trough margins. The axial 
part of the trough is characterized by dark shale and 
interbedded limestone. 

The carbonate-rich Otter Formation records a 
change from the coarse clastic deposits of the Kib
bey Formation to more normal marine, more 
agitated, but sand-free depositional conditions. The 
lower member was deposited in intertidal and shal
low subtidal environments, where fine-grained 
clastic sediment, ooliths, calcareous skeletal debris, 
and lime mud were synchronously deposited under 
variable environmental conditions. Concentration of 
green shale and dolomite along the southern trough 
margin suggests oxidizing and, possibly, supratidal 
environments there, close to the source of terrige
nous clastic sediment. The predominant gray shale 
and limestone of the lower member suggest deposi
tion in agitated and calm subtidal environments to
ward the trough axis. In the center of the Big 
Snowy trough, deeper water environments favored 
accumulation of dark shale. 

The Otter-Heath contact is gradational through a 
15- to 30-m sequence of interbedded black Heath-like 
shale and limestone and typical green shale of the 
Otter Formation. However, in parts of southwestern 
Montana, the Otter is unconformably overlain by 
the Tyler equivalent, and in the northern part of the 

Big Snowy trough, by the Tyler Formation, the 
Quadrant Formation, or the Ellis Group. 

HEATH FORMATION 

Along the axis of the Big Snowy trough, the 
Heath is 120 m thick, thinning abruptly toward the 
northern and southern trough margins. In south
western Montana, the Heath is 45 m thick; dark
gray to black shale and limestone are dominant. The 
dark shale is fissile, petroliferous, and is the pre
dominant Heath lithology in the middle of the Big 
Snowy trough. Heath limestone beds are massive, 
micritic, sparsely fossiliferous, and may have sparse 
chert nodules or beds and scattered quartz sand 
grains. Limestone is the dominant Heath lithology 
at the southern margin of the trough. 

Heath shale accumulated in calm, oxygen-poor 
environments in the center of the Big Snowy trough. 
Depositional environments at the margins of the 
trough, however, were shallower, more agitated, and 
were conducive to the accumulation of lime mud and 
well-washed bioclastic debris, both containing ad
mixtures of quartz sand from a cratonic source 
(Harris, 1972). 

Relief of as much as 45 m on the unconformity 
between the Tyler and the Heath indicates that ex
tensive erosion took place in the Big Snowy trough 
after deposition of the Heath. At the southern 
trough margin, as well as in southwestern Montana, 
the Tyler or its equivalent unconformably overlies 
Kibbey, Otter, and Heath equivalents (Sando, Gor
don, and Dutro, 1975). At the northern margin of 
the Big Snowy trough, rocks of the Jurassic Ellis 
Group unconformably overlie and truncate all three 
formations of the Big Snowy Group (fig. 9). 

AMSDEN GROUP 

The Amsden Group as de,fined by Maughan and 
Roberts (1967) consists of three formations-the 
Tyler Formation, Alaska Bench Limestone, and 
Devils Pocket Formation (fig. 2). This terminology 
is used for central and eastern Montana. Maughan 
and Roberts (1967) arbitrarily used Amsden Group 
terminology eastward to the Montana-North Dakota 
border, at which point they used Minnelusa Forma
tion. In southwestern Montana, strata approxi
mately equivalent to the Amsden· Group were re
ferred to as the Amsden Formation (Maughan and 
Roberts, 1967). 

The Amsden Group ranges from a featheredge to 
more than 270 m in thickness in central Montana 
(Mallory, 1972). More commonly, the group is about 
150 m thick through the center of the Big Snowy 
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FIGURE 8.-Map of total thickness of the Pennsylvanian System (adapted from McKee and Crosby, 1975, pl. 11). Thick
nesses include Stonehouse Canyon Member of the Tyler Formation, part of which may belong in the Mississippian 
System. Isopach thicknesses in meters. 

trough. The group extends from southwestern Mon
tana northeastward through the Big Snowy trough 
to the Montana-North Dakota border (fig. 8). 
Northward, pre-Jurassic erosion has truncated the 
group (Maughan and Roberts, 1967) ; southward, 
the group thins over the southern Montana arch, 
where it grades into the Ranchester Limestone Mem
ber of the Amsden Formation (Sando, Gordon, and 
Dutro, 1975). Lithologies present are sandstone, 
siltstone, shale, limestone, dolomite, sandy dolomite, 
and a few dolomite beds with chert nodules. 

The Amsden Group grades upward from dark
gray shale and sandstone to red beds to interbedded 
limestone, shale, and dolomite to sandy dolomite and 
sandstone. This vertical relationship is similar to 
that described by Sando, Gordon, and Dutro (1975, 
p. A3-A7) for the Amsden Formation in Wyoming. 
Lateral gradations of rocks between and within for
mations have been reported by several workers 
(Gardner, 1959; Maughan and Roberts, 1967; Gil-
mour, 1969; S~ando, Gordon, and Dutro 1975). 

Sando, Gordon, and Dutro (1975, p. A64) postulated 
an east-west facies relationship across Montana of 
a nearshore sand belt, an intermediate offshore 
lagoonal facies, and a central dolomitic carbonate
shale facies. 

TYLER FORMATION 

The lowest unit of the Amsden Group is the Tyler 
Formation, named by Freeman (1922) for expo
sures in the Big Snowy Mountains (fig. 1). The 
Tyler Formation was redefined by Maughan and 
Roberts (1967) as consisting of two members: a 
lower member called the Stonehouse Canyon Mem
ber and an upper member called the Cameron Creek 
Member. The two members were established ''largely 
on color and partly on lithology" (Maughan and 
Roberts, 1967, p. B12). 

In Easton's (1962) section at Stonehouse Canyon, 
designated as a reference section and reinterpreted 
by Maughan and Roberts (1967, p. B12), the Stone
house Canyon Member consists of 31 m of covered 
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black fissile shale and poorly exposed dark-greenish
gray to very dark brownish-gray ·shale. At the type 
section given by the authors, the member is 76 m 
thick and consists of buff to brown sandstone 
(21 m), black and dark-gray fissile shale (53 m), 
and light-gray to buff limestone (2 m). Both these 
sections were included in the Heath Formation by 
Easton (1962). 

The Cameron Creek Formation was originally 
named by Gardner (1959) and was reduced in rank 
to member status by Willis (1959) and again by 
Maughan and Roberts (1967) (fig. 2). This unit 
comprises the varicolored shale, gray and brownish 
sandstone, and thin gray limestone above the sand
stone and dark shale of the Stonehouse Canyon 
Member and below the Alaska Bench Limestone. 
The two members are lithologically similar, as 
pointed out by Maughan and Roberts (1967, p. 
B12): "The boundary between Stonehouse Canyon 
and Cameron Creek is difficult or impossible to pick 
consistently at the same stratigraphic position from 
place to place owing to the gradation and inter
tonguing of one into the other." At the west end of 
Alaska Bench (locally called "Beacon Hill") , the 
Cameron Creek Member is 25 m thick (Easton, 
1962, p. 117) and at the Stonehouse Canyon section, 
it is 67 m thick (Easton, 1962, p. 123). 

The extent of the Tyler Formation approximates 
the same area defined as the Big Snowy trough. It 
generally thins eastward towards the Cedar Creek 
anticline in eastern Montana but thickens again · 
eastward into the Williston basin area after crossing 
the anticline. The formation also thins southward 
across the southern Montana arch toward Wyoming. 
Westward, the Tyler Formation or its equivalent 
extends into the Cordilleran miogeosyncline. Total 
thickness for the Tyler Formation ranges from a 
featheredge to more than 242m near the Little Belt 
Mountains in central Montana. Generally, the for
mation is 30 to 90 m thick. 

Vertically, the formation changes from domi~ 
nantly sandstone and black shale at the base to sand
stone and red beds in the middle to interbedded lime
stone and red shale at the top in central Montana. 
The percentage of ~andstone in the lower part 
(Stonehouse Canyon Member) increases westward 
toward southwestern Montana; the percentage of 
limestone 'in the upper part ·(Cameron Creek Mem
ber) increases eastward toward the Williston basin 
(Mailory, 1972, p. 112). 

Most of the fossils found in the Tyler Formation 
indicate an Early Pennsylvanian (Morrowan) age. 

Several detailed reports on the fauna and flora of 
the Tyler Formation have been published by Easton 
(1962), Maughan and Roberts (1967), Gordon 
(1975), and Sando, Gordon, and Dutro (1975). 
Easton (1962) interpreted the fauna in the Tyler 
Formation (Cameron Creek Formation of Easton) 
as Late Mississippian (Chesterian). Sando, Gordon, 
and Dutro (1975) listed three brachiopods from the 
Tyler Formation that are exclusively Mississippian 
in Wyoming and two species that are Mississippian 
and Pennsylvanian in Wyoming. Exclusively Missis
sippian are Pugnoides quinqueplecis Easton, An
thracospirifer curvilateralis curvilateralis (Easton), 
and A. cf. A. occiduus (Sadlick) form A. Schizo
phoria depressa Easton and Eolissochonetes pseudo
liratus (Easton) are found in both Mississippian 
and Pennsylvanian rocks. Sando, Gordon, and 
Dutro (1975) also listed six species of brachiopods 
in the Tyler Formation that are exclusively Penn
sylvanian. These include Orthotetes sp. A. Gordon, 
Echinoconchus sp. A. Gordon, Antiquatonia cf. A. 
coloradoenis ( Girty), Linoproductus eastoni Gor
don, Composita ovata Mather, and Anthracospirifer 
occiduus (Sadlick). Petrocrania chesterenis (Miller 
and Gurley) was collected near the top of the Stone
house Canyon Member and is regarded as Chester
ian, according to Gordon (Maughan and Roberts, 
1967, p. B20). This brachiopod occurs with Eolis
sochonetes pseudoliratus (Easton), considered by 
Sando, Gordon, and Dutro (1975) as Mississippian 
and Pennsylvanian. This type of information tends 
to support the contention of Easton (1962, p. 
25) ". . . that the fauna of the Big Snowy group 
[Easton included the Cameron Creek Formation in 
the Big Snowy Group] may prove to be particularly 
significant in subsequent attempts to recognize the· 
Mississippian-Pennsylvanian boundary, because the 
fauna occurs in the critical interval and is replete 
with species." 

Maughan and Roberts (1967, p. B12-B14) gave 
particular attention to the age of the Tyler Forma
tion and concluded that the Tyler Formation above 
the regional unconformity with the Heath Forma
tion is Morrowan. They reported Early Pennsylva
nian plant spores from the upper part of the Stone;. 
house Canyon Member and extended this age as
signment to the base of the Tyler. However, they 
(Maughan and Roberts, 1967, p. B21) also quoted 
R. H. Tschudy as saying that spores from the lower 
part of the Stonehouse Canyon Member "may be 
from a Pennsylvanian horizon not ·yet examined, or 
may represent a transitional flora between the Late 
Mississippian and the Early Pennsylvanian." Mal-
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lory (1972) also described the Tyler Formation as 
Morrowan in age. 

The Cameron Creek Member contains several 
brachiopods that are restricted to Morrowan or 
younger rocks (Maughan and Roberts, 1967). These 
include Linoproductus eastoni Gordon, Rugoclostus 
nivalis Easton, and "M arginifera" planocosta 
Easton. Easton (1962, pl. 3) illustrated Millerella 
collected from the Cameron Creek Member. Accord
ing to B. A. Skipp, this form "may be considered 
Pennsylvanian as much as they may be Mississip
pian forms" (Maughan and Roberts, 1967, p. B21). 

From the foregoing discussion, it appears that the 
upper part of the Stonehouse Canyon Member and 
the Cameron Creek Member are Morrowan on the 
basis of the faunal evidence. However, the exact age 
of the lower part of the Stonehouse Canyon Member 
(upper part of Heath Formation of Easton, 1962), 
as redefined by Maughan and Roberts (1967), is still 
open to question, and additional work is needed. 

Both marine and nonmarine environments of dep
osition have been proposed for the Tyler Formation 
in central and eastern Montana (Mundt, 1956b; 
Gardner, 1959; Willis, 1959; Foster, 1961; Ballard, 
1964; Maughan and Roberts, 1967; Jensen and 
Carlson, 1972). The Stonehouse Canyon Member is 
believed to have been deposited on an erosional sur
face of the Mississippian Heath Formation (Beekly, 
1955). The interbedded sandstone and dark-gray to 
black shale of the Stonehouse Canyon Member are 
lagoonal, deltaic, and estuarine deposits varying 
from marine to nonmarine (Beekley, 1955). Mundt 
( 1956b) interpreted the dark gray and black shale 
in the lower Tyler as nonmarine and the erratic 
sands in the lower part of the formation as channel 
deposits. He believed that "a gradation upward from 
nonmarine to normal marine shale apparently coin
cides with the color change" from dark gray to red
dish shades. 

According to Gardner ( 1959, p. 337, 344), the 
Tyler Formation represents deposition in a shallow 
marine basin where currents of water, flowing sea
ward from tributary rivers, cut local channels across 
tidal flats and shallow parts of the sea. These chan
nels were filled with sand, as well as debris torn 
from the sides and bottom of the channel. When 
changes in current velocity or positions of currents 
took place, typical marine sediments could be inter
bedded with channel deposits. Gardner (1959) pre
sented evidence opposing a nonmarine interpreta
tion of the paleontological data. Thus, Gardner sup
ported an interpretation that both the Heath and 

the Tyler Formation are part of a continuous ma
rine sequence. 

THE BEAR GULCH LIMESTONE PROBLEM 

Mundt (1956a, b) included a marine limestone 
tongue in the Tyler Formation that is locally present 
near the top of the formation. This limestone was 
shown in a diagrammatic correlation section 
(Mundt, 1956a, p. 1925). Mundt (1956c) also meas-
ured and described a section designated as "Bear 
Gulch composite section" that contained a detailed 
description of the Tyler Formation and the included 
limestone tongue. Willis (1959, p. 1953) referred to 
this limestone as the Bear Gulch limestone tongue 
for exposures along Bear Gulch Creek, south of 
Forest Grove. Other workers (Foster, 1956, p. 122; 
Norton, 1956, p. 58, 62; Todd, 1959) also made 
reference to this limestone tongue. 

All the above workers placed the Bear Gulch lime
stone tongue in some part of the Tyler Formation 
and above the regional unconformity between the 
Heath and Tyler described by Maughan and Roberts 
(1967). Maughan and Roberts (1967, p. B11, fig. 5) 
also showed an extensive limestone tongue in the 
middle of the Tyler Formation that thins from north 
to south (fig. 9). However, they did not discuss the 
lithology, age, or extent of the limestone unit. Mundt 
(1956a, p. 1924) depicted a depositional model for 
the Tyler Formation showing sandstone deposited 
simultaneously with the Bear Gulch limestone 
tongue, both of which are above the regional uncon
formity between the Heath and Tyler. 

On the basis of studies of conodonts and fish 
(W. G. Melton and J. R. Horner, written commun., 
1978), the age of the Bear Gulch limestone tongue is 
believed to be Springeran (latest Mississippian). 
This age may be equivalent to that of foraminiferal 
zone 19, which was included in the Chesterian by 
Sando, Gordon, and Dutro (1975). Mackenzie Gor
don, Jr. (written commun., 1978)? in 1970 studied 
the cephalopod fauna of the Bear Gulch limestone 
tongue at the Allen Surprise quarry in Fergus 
County and concluded that because it contained 
Epistroboceras, Tylonautilus, and Anthracoceras,' it 
was of late Chesterian (Late Mississippian) age. 
This information throws doubt on the interpretation 
that the unconformity between the Heath and the 
Stonehouse Canyon Member of the Tyler Formation 
represents the Mississippian-Pennsylvanian bound
ary. The position of the systemic boundary appears 
to be somewhere in the Stonehouse Canyon-Cameron 
Creek sequence (fig. 9). 
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FIGURE 9.-Diagrammatic cross section of Big Snowy and Amsden Groups in c·entral Montana. (Modified from Mundt, 1956a, 
and Maughan and Roberts, 1967.) 

ALASKA BENCH LIMESTONE 

Freeman (1922) was the first to apply the name 
Alaska Bench Limestone to the gray fossiliferous 
limestone that forms the sloping benches and hog
backs around the Big Snowy Mountains (fig. 1). 
Mundt (1956a), Gardner (1959), Easton (1962), 
Maughan and Roberts (1967), and Gilmour (1969) 
used the name as a formational designation. Only 
the limestone in the Big Snowy trough is called the 
Alaska Bench, although Willis (1959) stated that 
the lower limestone of the Minnelusa Formation in 
the Williston bas,in is probably equivalent to the 
Alaska Bench. Carbonate units at the same interval 
in southwestern Montana constitute the upper part 
of the Amsden Formation (Maughan and Roberts, 
1967). In Wyoming and southern Montana, lime·
stone of similar age belongs to the Ranchester Lime
stone Member of the Amsden Formation (Sando, 
Gordon, and Dutro, 1975). 

The Alaska Bench Limestone thins northward 
toward the depositional edge of the Big Snowy 
trough (Gilmour, 1969). The formation is also 
truncated northward by pre-Jurassic erosion. This 
combination of depositional thinning and postdeposi
tional erosion accounts for the northward thinning 
and truncation of the Alaska Bench. The formation 
is truncated southward, where it was probably 
eroded from ~he Montana uplift of Sando, Gordon, 
and Dutro (1975) during Atokan time. 

Thickness of the formation varies considerably 
over short distances owing to nondeposition and 
periods of postdepositional erosion. Maximum thick
nesses reported are 43 m at Durfee Creek Dome 

(Easton, 1962), 40 m at Beacon Hill (Gilmour, 
1967), and 88 m at Judith Gap (Maughan and 
Roberts, 1967). The formation thins eastward to
ward the Williston basin, where it does not exceed 
38m. 

Lithologically, the Alaska Bench consists of inter
bedded gray limestone, red mudstone, and dolomite. 
Limestone beds generally range from 0.3 m to 0.6 m 
in thickness, but beds as thick as 1.5 m do occur. 
Beds of red mudstone 0.3 to 1.5 m thick occur 
throughout the formation (Gilmour, 1967). Dolo
mite beds are also found throughout the Alaska 
Bench. Maughan and Roberts (1967) reported a 
greater proportion of carbonate in the lower 30 m 
of the Alaska Bench and equal amounts of carbonate 
and mudstone in the thicker sections (Judith Gap). 
In the North Fork of Flat Willow Creek, the Alaska 
Bench Limestone is 25 m thick and contains 33 per
cent mudstone (Gilmour, 1967, pl. 20). The lower 
10m of the Stonehouse Canyon section is 50 percent 
mudstone (Gilmour, 1967, pl. 3). 

Contacts between the Alaska Bench Limestone 
and the underlying Cameron Creek Member of the 
Tyler Formation are gradational with interbedded 
gray limestone and red mudstone. Lateral intertongu
ing between these two lithologies was mentioned 
by Maughan and Roberts (1967) and discussed in 
detail by Gilmour. (1967). Evidence for an uncon
formity between the Alaska Bench Limestone and 
the overlying Devils Pocket Formation was pre
sented by Mundt (1956a) and further supported by 
Maughan and Roberts (1967, p. B15). However, the 
use of a limestone-dolomite contact between the two 
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formations as the unconforimity is open to question 
because of secondary dolomitization downward into 
the Alaska Bench Limestone. 

Fossils compose a large percentage of the lime
stone in the Alaska Bench Limestone. Occurrence of 
specific fossils or fossil debris depends on which 
microfacies is represented by a particular limestone 
bed (Gilmour, 1969). Ostracodes are particularly 
abundant, as they occur in most of the microfacies 
described, especially in the algal biolithites and os
tracoda! muds. Brachiopods, bryozoans, .Pelmato
zoans, echinoids, opthalmid Foraminifera, gastro
pods, and millerellids are major components in the 
normal marine microfacies. 

Six species of brachiopods were listed by Sando, 
Gordon, and Dutro (1975) as present in the Alaska 
Bench Limestone and exclusively Pennsylvanian in 
Wyoming. These species are: Antiquatonia cf. A. co
loradoensis (Girty), Linoproductus eastoni Gordon, 
Composita ovata Mather, Anthracospirifer occiduus 
(Sadlick), Orthotetes sp. A. Gordon, and Echinocon
chus sp. A. Gordon. 

Scott (1945) reported fusulinids from the lower 
part of the Alaska Bench Limestone near Beacon 
Hill, identified as Millerella marblensis Thompson 
and Millerella advena Thompson. Easton (1962) 
identified Dicromyocrinus granularis Easton from 
the Alaska Bench. 

Most paleontological evidence supports a Mor
rowan age for the Alaska Bench Limestone (Scott, 
1945; Gilmour, 1967; Sando, Gordon, and Dutro, 
1975), although some writers place the uppermost 
part of the Alaska Bench in the Atokan (Willis, 
1959; Maughan and Robe-rts, 1967; Mallory, 1972; 
Maughan, 1975). The Alaska Bench is equivalent 
to the upper part of the Namurian Series and pos
sibly extends upwards into the base of the West
phalian Series (Sando, Gordon, and Dutro, 1975). 

The Alaska Bench Limestone was deposited in a 
shallow-water marine environment, resulting in a 
series of microfacies, described by Gilmour (1969). 
These microfacies represent rocks deposited in 
supratidal-intertidal, marginal subtidal marine, and 
normal subtidal marine environments. These micro
facies were deposited as cyclic units and record the 
transgressive-regressive movements of the strand
line of the Morrowan sea across central Montana. 
The strandline was oriented east-west, the sea floor 
gently sloping to the south. Maughan (1975) stated 
that an increase of terrigenous sediments in western 
Montana and the Dakotas suggests land areas west 
and east of central Montana. Because of the fine size 
of the material, he believed that the sedimentary 

source areas probably were moderately distant or 
low lying or both. Gilmour (1969) believed that 
these interbedded terrigenous sediments in central 
Montana were deposited in both marine and non
marine environments concurrently with the various 
carbonate microfacies. 

DEVILS POCKET FORMATION 

Gardner (1959, p. 347-348) proposed the name 
Devils Pocket Formation for 43 m of cherty dolo
mite, limestone, red sandstone and shale, and chert 
breccia that overlies the Alaska Bench Limestone in 
Road Canyon, southeastern Big Snowy Mountains 
(fig. 1). According to Maughan and Roberts (1967, 
p. B15) similar rocks in the equivalent position ex
tend throughout eastern and southern Montana and 
have been included previously within the Minnelusa 
Formation. Dolomite and sandstone of the Devils 
Pocket Forn1ation intertongue with and grade into 
sandstone of the Quadrant Formation toward west
ern Montana (Maughan, 1975, p. 286). The Devils 
Pocket overlaps older strata toward the south. 

Thickness of the Devils Pocket Formation varies 
considerably because of pre-Middle Jurassic ero
sion, which removed much of the formation. A 
thickness of 67 m in southwestern Big Snowy 
Mountains is the most complete exposure of the for
mation. Gardner (1959, p. 348) listed thicknesses 
of 5.5, 11.5, and 21.5 m in central Montana. The 
formation thins eastward toward the Williston basin 
(Willis, 1959, fig. 12). 

The Devils Pocket Formation consists of sand
stone and siliceous dolomite and som.e dolomitic 
limestone and siltstone (Gardner, 1959, p. 338, 
342-343). The formation changes from pre
dominantly dolomite in the lower part to sand
stone in the upper part. Mundt (1956a, p. 1931) pre
sented evidence for an unconformity between the 
Devils Pocket and the underlying Alaska Bench 
Limestone. Maughan and Roberts (1967) and Mal
lory (1972) also ·supported this idea. Alternatively, 
Gardner (1959, p. 335) stated that the Devils 
Pocket rests conformably on the Alaska Bench Lime
tone and thaJt lithologies are transitional from one 
formation to the other. In central Montana, the 
Devils Pocket Formation is overlain unconformably 
by Jurassic rocks of the EHis Group. In eastern 
Montana, southern Montana, and western Montana, 
the carbonate rocks of the Devils Pocket grade up
ward into the sandstone or quartzite of the Quad
rant Formation. Maughan and Roberts (1967, p. 
B16) reported an increase in sand westward until 
the Devils Pocket Formation cannot be separated 
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from the overlying Quadrant Formation. They also 
stated that the dolomitic middle member of the 
Minnelusa Formation in eastern Montana grades 
laterally into the Quadrant of central Montana and 
the Tensleep o.f Wyoming and should be included 
in the Devils Pocket Formation. 

Few fossils have been reported from the Devils 
Pocket Formation. Henbest (1954, p. 50, 51) and 
Easton (1962, p. 16-17) reported fusulinids from 
clasts and matrix of the breccia near the top of the 
formation. Included in their faunal lists are: Clima
cammina sp., Endothyra sp., Bradyina sp., Tetra
taxis sp., Millerella sp., Pseudostafjella sp., Profusu
linella sp., Co·rnuspira sp., Spiroplectammina sp., 
Climacammina magna? Roth and Skinner, 1930, 
Derbyia sp., and Straparollus (Euomphalus) sp. 
Both authors believed that the formation is Atokan 
because of the presence of Profusulinella sp. George 
Verville (oral commun. reported by Maughan, 1975) 
assigned a late Atokan age to the Devils Pocket 
Formation on the basis of fusulinid studies. 

Dolomite and sandstone of the Devils Pocket For
mation are believed to have been deposited in " ... a 
marine environment of above normal salinity" 
(Maughan, 1975, p. 288). This assumption is based 
on the type of fossils described and a belief that the 
dolomite is either primary or penecontemporaneous. 
Easton (1962, p. 26) believed that the formation 
"represents warm, emergent conditions, which 
favored the deposition of interbedded red clastics 
and sandy calcareous deposits which altered pene
contemporaneously or later to cherty dolomite." 
Some of the dolomite beds in the Devils Pocket For
mation are very similar to those in the underlying 
Alaska Bench Formation described by Gilmour 
(1967) as dolomitized normal marine beds. Fossils 
listed in the Devils Pocket Formation indicate nor
mal marine conditions (fusulinids and brachiopods). 
Present available evidence suggests that the Devils 
Pocket Formation was deposited in a marine envi
ronment of normal salinity. 

A rising land area to the west or northwest is 
suggested by the great thickness of sandstone in 
western Montana, the rapid eastward thinning, and 
the overlap of sandstone over carbonate rocks east
ward (Maughan, 1975, p. 287). Maughan believed 
that Ordovician sandstone was eroded and served 
as the principal source for the Pennsylvanian sand. 
He also suggested that the mudstone in the eastern 
part of the area was derived from land areas to the 
east or southeast. 

QUADRANT FORMATION 

The Quadrant Formation as used in this report 
refers to the quartzite or sandstone sequence that 
overlies the Devils Pocket Formation in central 
Montana and the Amsden Formation in southwest
ern Montana. The Quadrant grades eastward into 
dolomite and sandy dolomite that are included in the 
middle member of the Minnelusa Formation in east
ern Montana. 

The Quadrant ranges in thickness from zero in 
central Montana to more than 80 m at the northwest 
corner of Yellowstone Park (Williams, 1962). South 
and west it thickens markedly to more than 800 m 
near the Idaho-Montana State line (Sloss and 
Moritz, 1951, p. 2163). Sandstone and dolomitic 
sandstone referred to as Quadrant or Tensleep ex
tends from the Williston basin southwestward to 
the Idaho-Mantana border and southward to the 
Wyoming-Montana border. Scott (1935) described 
the Quadrant "quartzite" as well-bedded, white to 
pink, fine- to medium-grained quartzite, containing 
thin beds of siliceous limestone. Gardner and others 
(1945) described the Quadrant as light-gray quartz
itic sandstone with pink or yellowish-brown tints, 
composed of fine- to medium-grained, angular to 
subangular quartz grains. In southwestern Mon
tana, the Quadrant is composed of sandstone and 
quartzite; sandy dolomite beds are found in the 
lower part of the formation. The percentage of dolo
mite increases towards centra! Montana, and dolo
mite is the dominant lithology in eastern Montana. 

The contact between the Quadrant Formation and 
the underlying Devils Pocket Formation is grada
tional; the boundary is generally arbitrarily placed 
between the dominantly carbonate sequence and the 
overlying dominantly quartzite or sandstone se
quence (Maughan and Roberts, 1967, p. B16). Near 
the Idaho-Montana border, Sloss and Moritz (1951) 
placed the base of the Quadrant at the base of the 
lowest massive sandstone bed, leaving several thin 
sandstone beds in the Amsden and some dolomite 
beds in the basal Quadrant. 

The top of the Quadrant is marked by a major un
conformity throughout most of Montana. Rocks 
overlying the unconformity range in age from Early 
Permian to Middle Jurassic and, locally, Cretaceous 
(Mallory, 1972, p. 122). 

The age of the Quadrant Formation is Des
moinesian, on the basis of fusulinids (Thompson 
and Scott, 1941 ; Hen best, 1954, 1956). Hen best 
( 1954, p. 52) listed the following fossils for the 
Tensleep (Quadrant Formation of this paper) in 
Montana: Endothyra sp., WedekindeUina .euthy-
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septa (Herbert), Fusulina tregoensis ( ?) Roth and 
Skinner, Bradyina sp., and Fusulina sp. Henbest be
lieved that this fauna represents the lower half or 
two-thirds of the Desmoinesian. 

Scott (1935) and Williams (1962) supported a 
marine origin for the Quadrant Formation in south
ern Montana and Wyoming. Mallory (1972, p. 122) 
and Maughan (1975, p. 288, 289) stated that during 
deposition of the Quadrant, the entire area was 
inundated by a shallow sea in which the circulation 
of marine water was restricted. The uplift to the 
west was the source of clastic materials in western 
Montana; an eastward source continued to supply 
fine clastic sediments to the east and southeast. Thin 
beds of chert and dolomite in the Quadrant contain 
the fusulinids described by Henbest (1954). As 
fusulinids are known only from normal marine en-

EXPLANATION 

!<<<<~! Tensleep-Quadrant Production 

~~ ~ ~ ~~~~~~~Tyler-Amsden Production 

/:!:!!!!!::::.:·:c·::H Big Snowy Production 

~~~~~~~~~~~~~~~~~~ Madison Production 

vironments, the conclusion is that at least some of 
the Quadrant Formation was deposited under such 
conditions. 

PETROLEUM AND NATURAL GAS 

MISSISSIPPIAN STRATA 

Mississippian strata produce oil and gas from ap
proximately 1,100 wells in 37 fields in Montana. Of 
these fields, 26 produce only oil, 2 produce only gas, 
and 9 produce both oil and gas (Montana Board of 
Oil and Gas Conservation, 1976). 

Production figures for the 21 largest of these 
fields indicate average production depths of 1925 m, 
cumulative production through 1976 of 252,793,000 
bbls of oil, and reserves of 58,457,000 bbls of oil. 
Total 1976 oil production from these wells was 
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FIGURE 10.-Carboniferous oil and gas fields in Montana. 
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6,697,853 bbls. Total 1976 gas production from Mis
sissippian wells was 524,282 MCF. 

Of these 21 largest fields, 18 produce from Madi
son Group strata, primarily the upper Mission Can
yon and Charles Formations, and 3 produce from 
Big Snowy Group rocks (Kibbey and Heath 
Formations). 

Madison fields occur in front of the overthrust 
belt in northwestern Montana, along the northwest
ern margin of the Williston basin, on the Cedar 
Creek anticline on the southwestern margin of the 
Williston basin, and on the flanks of the Bighorn 
and Powder River (fig. 10). Big Snowy Group fields 
are centered on the Big Snowy trough, along Ter
tiary structures east of the Big Snowy Mountains. 

PENNSYLVANIAN STRATA 

Thirty-four fields produced oil from 305 wells in 
Pennsylvanian strata during 1976 (Montana Board 
of Oil and Gas Conservation, 1976). No fields pro
duce only gas, but three fields produce both oil and 
gas (Elk Basin, Keg Coulee, and Sumatra). Approx
imate cumulative production from Pennsylvanian 
fields in Montana is 127,984,000 bbls. Known oil 
reserves in the 26 largest fields are 33,346,000 bbls. 
Sixty-two percent of the Pennsylvanian fields pro
duce from the Tyler Formation. Tyler oil ranges 
from 28 to 34 gravity o API, having a mean value 
of 32 o API. The Amsden Formation accounts for 22 
percent of the producing fields; the oil ranges from 
19 to 30 gravity o API. Sixteen percent of the Penn
sylvanian fields produce from the Tensleep Forma
tion (Quadrant Formation) ; the oil ranges from 27 
to 37 gravity o API. 

Nearly all fields producing from the Tyler and 
Amsden Formations are in central Montana (fig. 
10). Fields producing from the Tensleep (Quad
rant) are in south-central Montana. Largest Penn
sylvanian fields on the basis of past production are 
Elk Basin (Carbon County), Sumatra (Rosebud 
County), and Stensvad (Musselshell County). In 
1976, Sumatra field produced 2,019,813 bbls of oil 
and 160,915 MCF of gas. Jim Coulee (Musselshell 
County) produced 489,808 bbls of oil, and Elk Basin 
produced 482,390 bbls of oil and 369,660 MCF of 
gas. In 1976, two new fields were found in the 
Tyler Formation and two extensions were made in 
Tyler producing fields. 

The dark organic shale and limestone of the 
Heath Formation (Mississippian) and the black 
limestone of the Bear Gulch Limestone tongue (Mis
sissippian?) are believed to be the source of oil for 
the Tyler Formation (Varland, 1956; Willis, 1969). 

Principal production is from sandstone in the Stone
house Canyon Member of the Tyle~. Traps are 
found in the crests or axes of domes or anticlines 
and on the flanks of anticlines (Jensen and Carlson, 
1972). 
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FOREWORD 

The year 1979 is· not only.the Centennial of the U.S. Geological Survey
it is also the year for the quadrennial meeting of the International Con
gress on Carboniferous Stratigraphy and Geology, which. meets in the 
United States for its ninth session. This session is the first time that the 
major international congress, first organized in 1927, has met outside 
Europe. For this reason it is particularly appropriate that the Carbonif
erous Congress closely consider the Mississippian and Pennsylvanian Sys
tems; American usage of these terms does not conform with the more 
traditional European usage of the term "Carboniferous." 

In the spring of 1976, shortly after accepting the invitation to meet in 
the United States, the Permanent Committee for the Congress requested 
that a summary of American Carboniferous geology be prepared. The Geo-
logical Survey had already prepared Professional Paper 853, "Paleotec
tonic Investigations of the Pennsylvanian System in the United States," 
and was preparing Professional Paper 1010, "Paleotectonic Investiga
tions of the Mississippian System in ·the United States." These major 
works emphasize geologic structures and draw heavily on subsurface data. 
The Permanent Committee also hoped for a report that would emphasize 
surface outcrops and provide more information on historical development, 
economic products, and other matters not considered in detail in Profes
sional Papers 853 and 1010. 

Because the U.S. Geological Survey did not possess all the information 
necessary to prepare such a work, the Chief Geologist turned to the Asso
ciation of American State Geologists. An enthusiastic agreement was 
reached that those States in which Mississippian or Pennsylvanian rocks 
are exposed would ·provide the requested summaries; each State Geologist 
would be responsible for the preparation of the chapter on his State. In 
some States, the State Geologist himself became the sole author or wrote 
in conjunction with his colleagues ; in others, the work was done by those 
in academic or commercial fields. A few State Geologists invited individ
uals within the U.S. Geological Survey to prepare the summaries for their 
States. 

Although the authors followed guidelines closely, a diversity in outlook 
and approach may be found among these papers, . for each has its own 
unique geographic view. In general, the papers conform to U.S. Geological 
Survey format. Most geologists have given measurements in metric units, 
following current practice; several authors, however, have used both 
metric and inch-pound measurements in indicating thickness of strata, 
isopach intervals, and similar data. 

III 



IV FOREWORD 

This series of contributions differs from typical U.S. Geological Sur
vey stratigraphic studies in that these manuscripts have not been examined 
by the Geologic Names Committee of the Survey. This committee is 
charged with insuring consistent usage of formational and other strati
graphic names in U.S. Geological Survey publications. Because the names 
in these papers on the Carboniferous are those used by the State agencies, 
it would have been inappropriate for the Geologic Names Committee to 
take any action. 

The Geological Survey has had a long tradition of warm. cooperation 
with the State geological agencies. Cooperative projects are well known 
and mutually appreciated. The Carboniferous Congress has provided yet 
another opportunity for State and Federal scientific cooperation. This 
series of reports has incorporated much new geologic information and for 
many years will aid man's wise utilization of the resources of the Earth. 

H. William Menard 
Director, U.S. Geological Survey 
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