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INTRODUCTION

This study was conducted to determine the
stratigraphic, lithofacies, and depositional
relationships of the Cretaceous Fox Hills Sandstone
and Hell Creek Formation and the Paleocene Fort Union
Formation. These relationships, shown in sections A~
A', B-B', C-C', and D-D', were established from nearly
continuous exposures in the Missouri River valley in
Richland and Roosevelt Counties, Mont. The river
valley topography is characterized by badlands, which
permitted detailed description and construction of the
stratigraphic framework of the formations within a 30-
mi-long belt of exposures paralleling the Missouri
River. This area of study is on the western flank of
the Williston Basin and east of the Poplar Dome. The
latter structure imparted a northeasterly regional dip
to the rocks, which averages 25 ft per mi and is as
much as 100 ft per mi according to Spencer (1980).

The regional dip resulted in exposure of older rocks
(Cretaceous) in the west to younger rocks (Tertiary)
in the east.

A total of 138 stratigraphic sections were
measured varying in thickness from 80 to 400 ft.
Distance between measured sections ranged from 0.04 to
0.5 mi, averaging 0.25 mi. Each section was described
as to rock type, grain size, bed thickness, nature of
contacts, sedimentary structures, and fossil
content. Where necessary, shallow trenches were dug
through talus to provide better exposure of the rock
types. Key beds, such as coal beds and sandstone
beds, were traced by walking between measured sections
to establish correlation of rock types and
lithofacies. To account for the lithofacies and
depositional relationships, and differential
compaction, we arranged the sections using a geometric
best fit method. That is, correlation of sections was
not made on the basis of a horizontal marker bed or an
elevation, but rather, equivalent lithofacies were
visually matched among adjacent sections, resulting,
for example, in coal beds surrounding channel
sandstones.

Previous studies in the area (Smith, 1910;
Beekly, 1912; Parker, 1936; Prichard and Landis, 1975;
Spencer, 1980; Hardie and Arndt, 1981) mapped economic
coal beds and evaluated coal resources in the coal-
bearing Fort Union Formation. Slight emphasis was
placed on the sedimentology of the associated detrital
rocks. The detrital rocks were generally classified
as sandstone, siltstone, and claystone with little
regard to their genetic interpretation. Our study
indicates that rock types in the study area can be
classified lithogenetically and that they had a
predictable mode of deposition.

ROCK TYPES

The rock types of the Fox Hills Sandstone, Hell
Creek Formation, and Fort Union Formation in the study
area were described in detail by Lepp (1981). Genetic
interpretation of the rock types was discussed by Lepp
and Flores (1979) on the basis of physical properties
and fossil content. These lithogenetic types were
used to establish the lithofacies relationships,
sequences, and associations leading to their
sedimentological modeling. In general, the rock types
of the three formations can be classified as either
detrital or chemical. The detrital group, consisting
of mineral grains that were derived by erosion and
transported from outside primary areas of deposition,
includes sandstone, siltstone, shale, and carbonaceous
shale. The chemical group, resulting from deposition
by precipitation of minerals and chemical alteration
of organics within the area of deposition, consists of
coal and limestone.

Sandstone

Sandstone is the most abundant rock type in the
Fox Hills Sandstone, Hell Creek Formation, and Fort
Union Formation. The color ranges from buff to gray
and grain size varies from coarse, locally pebbly, to
very fine. The sandstone consists of three types:
channel (fluvial, distributary, and crevasse feeder),
crevasse splay, and distributary-mouth bar. These
sandstone types can be recognized on the basis of
their basal contact, vertical sequence of grain size,
sedimentary structure, and fossil content (macrofossil
and trace fossil).

The channel sandstone has an erosional base and a
fining-upward grain size. It may contain a basal lag
deposit of sandstone, siltstone, shale, limestone,
ironstone, carbonaceous shale, and coal fragments.
Typical sedimentary structures in channel sandstone,
from base to top, are festoon and planar crossbeds,
convolute laminations, and ripple laminations.
Fossils commonly found in the channel sandstones in
the study area include freshwater pelecypod and
gastropod shell fragments and plant leaves, stems, and
trunks. These characteristics suggest deposition in a
channel; coarse particles accumulated in the channel
floor and later the channel filled with fine particles
as water velocity decreased. Association with delta-
plain, alluvial-plain, and crevasse-splay facies
separates these rock types into distributary, fluvial,
and crevasse-feeder channel sandstones, respectively.

The crevasse—splay sandstone, which averages 10
ft thick, generally coarsens upward from very fine to
fine. Basal contact with underlying interbedded
sandstone, siltstone, and shale is gradational to
sharp. The sedimentary structures include
asymmetrical and symmetrical ripple laminations,
ripple—drift laminations, convolute laminations, and
small-scale (up to 5 in. high) cross laminations. The
lower part of the sandstone commonly contains ripple
and convolute laminations grading upward into cross
laminations. Fossil content of this rock type is
sparse burrows and mollusk shells, and abundant plant
fragments. These characteristics of the crevasse-
splay sandstone indicate rapid deposition along
margins of water bodies by wave ripples and shooting
flow of high-flow regimes during flood stages.

The distributary-mouth bar sandstone is a thick
(as much as 60 ft) coarsening-upward sequence of
interbedded sandstone and sandy siltstone in the lower
part and sandstone in the upper part. The basal
contact is gradational showing mixing of siltstone and
sandstone units with the underlyipg predominantly
shale interval. The interbedded sandstone and
siltstone interval commonly shows a few ball-and-
pillow structures that Hubert and others (1972)
described as delta-front sedimentary features. These
structures are discontinuous, dish-shaped sandstone
bodies imbedded in fine detritus and formed by
downslope gravity slides of sand layers over water-
saturated prodelta muds. Fossil content of the
interbedded sandstone and siltstone interval is
tubelike, vertical burrows of Skolithos. The upper
sandstone interval displays bimodal, medium-scale
cross laminations (up to 9 in. high). It contains a
few bioturbated silty sandstone lenses. The sandstone
shows "J"” and "Y" shaped, corncob-walled vertical
burrows similar to trace fossils of Ophiomorpha.

These trace fossils probably represent escape
structures of filter feeding animals.

Siltstone

Siltstone is the second most abundant rock type
in the three formations. It is commonly light gray to
dark gray. Some siltstone beds in the Hell Creek
Formation display purplish and yellowish hues. The
siltstone consists mainly of fine to coarse silt-size
grains. The sedimentary structures are primarily
ripple laminations. Some lenticular bedding, defined
by concentrations of finely divided plant fragments,
is also present. The siltstone in the Fox Hills
Sandstone and lower part of the Hell Creek Formation
contains a variety of trace fossils of Ophiomorpha and
Skolithos reflecting deposition in a brackish-marine
environment. The fluvial-type siltstone in the Fort
Union Formation contains abundant plant fragments and
many ironstone nodules that comprise impressions of
plant leaves, stems, and rootlets. In addition,
siltstone deposited in a fluvial environment commonly
contains freshwater mollusk fossils (Unio, Viviparus,
and Hydrobia).

Shale

Shale is as abundant as siltstone and is commonly
interbedded with it. It varies from gray to dark gray
and consists of clay-size particles. It is mainly
fissile; however, a related grain-type deposit lacking
fissility is identified as claystone. Fissility is
frequently delineated by laminae of finely divided
plant fragments and micaceous minerals. Like
siltstone, shale comprises brackish-marine trace
fossils of Ophiomorpha and Skolithos as well as
fluvially formed root marks. The fluvial shale also
contains freshwater Unio, Viviparus, and Hydrobia
fossils and has rare bivalve escape structures.

Carbonaceous Shale

Carbonaceous shale is reddish brown (weathered)
to black (fresh). It is a mixture of clay-size
particles and plant fragments of varying sizes.
Carbonaceous shale easily breaks along laminae marked
by compressed and flattened plant leaves and stems.
In addition, carbonaceous shale commonly contains
coaly lenses that are either parallel to laminations
or at an angle to bedding planes. Carbonaceous shale
is laterally gradational and interbedded with coal.

Coal

Coal is mainly in the Paleocene Fort Union
Formation although a few beds are in the Hell Creek
Formation. The Fort Union coal in the study area is
lignite that contains heating values varying from
5,999 to 10,880 Btu (Spencer, 1980) after drying.
Chemical analyses of coal in the study area are
described in Spencer (1980). Coal beds in the study
area are as much as 13 ft thick and are laterally
traceable in outcrops as far as 7 mi. In outcrops,
the coal, where not burned into thick, reddish
clinker, ranges from black, powdery and hard, brittle
deposits to impure shaly deposits. A few coal beds
contain fossilized tree trunks and stumps in growth
position,

Limestone

Limestone is the least common rock type and 1s
restricted to the Fort Union Formation. It is
commonly interbedded with siltstone and shale. It is

light gray to gray and is a micritic limestone that
contains some mud-supported quartz-framework grains.
It is found as lenticular bodies, laterally traceable
for as much as a few hundred feet and ranges from a
few inches to 1.5 ft thick. It contains sparse to
abundant mollusk fossils (Unio, Viviparus, and
Hydrobia) as well as unidentifiable burrows.
planes are marked by very finely divided plant
fragments. These characteristics suggest deposition
in a subaqueous floodplain or a lake environment,

Bedding

STRATIGRAPHY AND DEPOSITIONAL ENVIRONMENTS

The stratigraphy of the Fox Hills Sandstone, Hell
Creek Formation, and Fort Union Formation is
illustrated in cross sections A-A', B-B', C-C', and
D-D'. These cross sections show continuous
correlation of the Fort Union Formation from cross
section B=B' through D=D'. Although the stratigraphic
units are at a higher interval in the eastern part of’
the study area, the major coal beds such as the E,
which occurs as a coal zone in cross section D-D', and
Elvirio bed mapped by Spencer (1980) extend across
cross sections B-B', C-C', and D-D'. Cross section A-
A' shows middle to upper parts of the Fox Hills
Sandstone, Hell Creek Formation, and the basal part of
the Fort Union Formation. The correlation of the
upper rock units of cross section A-A' to the lower
rock units of cross section B-B' is difficult to
establish due to a covered interval separating the two
localities. In addition, the rapid lateral variation
of the rocks in this part of the study area does not
permit tracing of marker beds for a long distance.
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Cross section A-A' displays the vertical and
lateral variations of lithofacies of the Fox Hills
Sandstone that is locally unconformably overlain by
the Hell Creek Formation, which grades upward into the
Fort Union Formation.

The Fox Hills Sandstone consists of interbedded
sandstone, siltstone, and shale in the lower part
grading upward into a sandstone in the upper part.

The lower part of the Fox Hills contains brackish-
marine trace fossils of Skolithos and Ophiomorpha.

The sandstone units of this part of the sequence are
interbedded with siltstone and shale units and display
a few ball-and-pillow structures accompanied by
convolute laminations. The upper part of the
sequence, which consists mainly of sandstone with a
few silty sandstone lenses, comprises trace fossils of
Ophiomorpha and bidirectional cross laminations. In
addition, the sandstone displays sedimentary structure
formed by low-flow (ripple laminations) to high-flow
(small-scale cross laminations) regimes from bottom to
top, respectively. The increased flow condition

upward, presence of escape structures, and ball-and-
pillow structures indicate sedimentation by a
prograding system that dumped sediments rapidly over a
slope consisting of highly water-saturated muds.

These features, which exist in margins of modern
deltas (Coleman, 1976), indicate deposition of the Fox
Hills Sandstone in a delta front. The lower part of
the Fox Hills Sandstone probably represents a distal-
bar sequence; it is overlain by a distributary-mouth-
bar sequence in the upper part of the Fox Hills.

The Fox Hills Sandstone is immediately overlain
in places by the basal channel sandstone of the Hell
Creek Formation, in other places by an impure coal
bed, and at a few localities conformably overlain by
interbedded sandstone, siltstone, and shale of the
Hell Creek Formation. In the area of cross section A-
A', the Hell Creek Formation is as much as 290 ft
thick. Its top is defined by a laterally continuous
coal bed of the Fort Union Formation. The Hell Creek
Formation consists of about 55 percent channel
sandstone that is arranged en echelon. The basal
channel sandstone is as much as 130 ft thick and
laterally traceable as far as 7 mi. This channel
sandstone comprises as many as three bodies at its
thickest part. The basal channel sandstone probably
represents deposits from distributary channels that
served as sites of prolonged aggradation, perhaps
influenced by subsidence due to compaction of
underlying prodelta muds. This deposit is succeeded
upward by thin, narrow channel sandstone bodies that
reflect deposition in small, confined distributary
channels. The channel sandstone merges laterally into
varicolored (commonly with purplish and yellowish
hues) siltstone and shale that are interbedded with a
few carbonaceous shale beds that in places grade
laterally into thin, discontinuous, impure coal
beds. These deposits probably represent overbank-
interchannel sediments. The few coal beds associated
with the deposits indicate accumulation in shallow,
highly oxidizing swamps of interfluvial basins that
received active detrital influx. The lowermost coal
bed directly overlying the Fox Hills Sandstone was
probably formed behind the mouth-bar deposit as a
result of accumulation of rafted plant debris, an
origin similar to the peat formed at the back of the
South Pass distributary-mouth bar of the modern
Mississippi bird's—foot delta (Coleman, 1976). Modern
analogs (Coleman, 1976) suggest that the Hell Creek
Formation was probably deposited in the lower delta
plain where active sedimentation enhanced by periodic
autocyclic shifts of distributary channels curtailed
accumulation of peat coal.

Delta=-plain deposition apparently continued into
Fort Union time as evident by the gradational contact
between the Cretaceous Hell Creek Formation and
overlying Paleocene Fort Union Formation. Delta-plain
deposition probably existed through the lowermost part
of the Fort Union Formation (see cross section A-

A'). Cross section B-B' shows deltaic deposits in the
lower part, which probably represent sediments of an
upper delta plain., Here, coal beds are thicker and
more laterally continuous than in the lower delta-
plain facies. Coal bed A (cross section A-A') and
local coal beds in this part of the Fort Union
Formation were accumulated in the upper delta plain.
The first freshwater mollusk fossils above coal beds C
and D (cross section B-B') mark the transition from
delta-plain to alluvial-plain environment. Thus, coal
beds C and D probably reflect the earliest organic
accumulation in a strictly freshwater swamp of the
lower alluvial plain. These coal beds are thicker and
more persistent than those of the delta-plain

facies. Sparse occurrence of freshwater mollusk
fossils above coal beds C and D and below coal bed E
(see cross section C-C') is not unlike the lower part
of the Tongue River Member of the Fort Union Formation
in the Powder River Basin (Flores, 1981). The lower
1,000 ft of the Tongue River Member is characterized
by sparse fossils of Unio and Viviparus. However,
numerous fossils that include Hydrobia are found in
the upper 500 ft of the Tongue River Member in which
lake deposits are abundant. Thus, the general
vertical distribution of the freshwater mollusk
fossils above coal beds C and D of the Fort Union
Formation in the study area is similar to that of the
Tongue River Member in the Powder River Basin.

Facies associations of coal beds in the Tongue
River Member of the Powder River Basin and upper part
of the Fort Union Formation in the study area also
have some similarities. In the Powder River Basin,
the thick coal beds (for example, Pawnee, Wall, Cook-
Otter, Canyon, and Anderson-Dietz) are associated with
floodplains of meandering stream deposits of the
alluvial faeies. In the study area, the thick coal
beds (greater than 3 ft) are generally above coal bed
C as shown in cross sections B-B', C-C', and D-D',
However, the thicker coal beds (greater than 5 ft)
such as the D, E, Elvirio, Bruegger, and Prittigurl
beds are associated with thick fluvial channel
sandstone beds as shown in cross sections C-C' and D-
D'. More specifically, the Elvirio and Prittigurl
coal beds overlie thick fluvial channel sandstone
beds. This facies association suggests that peat coal
usually accumulated in backswamps in high areas of
abandoned meanderbelts in the alluvial plain.

However, accumulation of thick peat coal beds extended
into low areas of the floodplain where backswamps
formed on crevasse-splay platforms. This mode of

accumulation is reflected by coal beds C, D, E, and
Bruegger (see cross sections B-B', C-C', and D-D').

In these areas, the coal beds are underlain by thin
channel sandstone beds that were identified as
deposits from crevasse feeder channels. That these
channels prograded over subaqueous flood-plain
environment is evident by associated deposits that
contain freshwater mollusk fossils. This is best
depicted in cross section D-D' (deposits below the
Bruegger coal bed) where the crevasse-splay and
feeder-channel deposits and limestone beds contain
abundant freshwater mollusk fossils. Here, prior to
accumulation of the Bruegger coal bed, the floodplain
was preceded by ephemeral lakes that were
intermittently receiving sediments from crevasse
splays. As the lakes filled with sediment up to water
level, swamp vegetation was able to encroach and
vegetal debris accumulated along marginal areas. When
the lakes completely filled, the swamps expanded,
transforming the once lacustrine environment into a
wetland that was a site of accumulation of the
Bruegger coal bed. Peat accumulation in this wetland
eventually was interrupted by avulsion by a new
fluvial channel that in turn was filled and abandoned,
subsequently serving as a swamp platform that
accumulated the Prittigurl coal bed (see cross section
D-D'). This sequence of events may have been repeated
in the stratigraphic interval from below coal bed E
(upper part of cross section B-B') to the Elvirio coal
bed (lower part of cross section C-C'). The flood
plain in this area, however, did not form well-
developed ephemeral lakes and associated backswamps
where thick beds of peat coal accumulated and were
interrupted by crevasse splays that caused splitting
of the Elvirio coal bed.

SUMMARY

The four cross sections show stratigraphic,
lithofacies, and depositional relationships or tne rox
Hills Sandstone, Hell Creek Formation, and Fort Union
Formation. These relationships show a vertical
continuum of deposition of these rock units from
deltaic to alluvial environments from Late Cretaceous
to early Paleocene. The Cretaceous Fox Hills
Sandstone and Hell Creek Formation were deposited in
delta front and lower delta-plain environments,
respectively. The Paleocene Fort Union Formation was
deposited in upper delta-plain and alluvial-plain
environments. Although a few impure coal beds formed
in swamps of the lower delta plain, thick laterally
continuous coal beds accumulated in swamps of the
upper delta plain and backswamps of the alluvial
plain. Economic coal beds, mainly above coal bed C,

were best accumulated in backswamps associated with
the alluvial-plain facies of the Fort Union

Formation. The depositional environment of thick coal
beds above coal bed C in the study area is similar to
the Tongue River Member of the Fort Union Formation in
the Powder River Basin. The vertical distribution of
freshwater mollusk fossils, association of thick coal
beds with fluvial channel sandstone, and processes of
floodplain sedimentation are similar in both basins.
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