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Figure 1-Index map showing location of measured sections and generalized geology
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EXPLANATION OF SYMBOLS
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CHANNEL SANDSTONE

CROSSBEDDED SANDSTONE

CONGLOMERATIC SANDSTONE

RIPPLED SANDSTONE

BURROWED SANDSTONE

ROOTED SANDSTONE

&'S'o’:| SANDSTONE CONTAINING CARBONACEOUS SHALE
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Bl T

S ~~=U] SILTSTONE, MUDSTONE, AND SHALE--Ripple and
gl root marks where indicated

SHALE CONTAINING CARBONACEOUS SHALE

COAL

CARBONACEOUS SHALE

CORRELATION LINES

SANDSTONE CORRELATION LINES

ROSE DIAGRAM--Showing paleocurrent
directions as measured in sandstone.
Arrow points to true north. Number
indicates number of measurements
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SCALE FOR SECTIONS

INTRODUCTION

The purpose of this study is to interpret a
relationship between the stratigraphy and the
environment of deposition of the upper part of the
Fort Union Formation in the TA Hills in the western
part of the Powder River Basin, Johnson County,
Wyoming. This framework was used to map and correlate
coal beds with those mapped by Hose (1955) and Mapel
(1959) in the southern and northern parts of the study
area, respectively. More specifically, the
established stratigraphic and environmental
relationships of the coal beds and associated rocks
contribute to a depositional model for the upper part
of the Fort Union Formation in the TA Hills.

Twenty-eight detailed stratigraphic sections were
measured in the uppermost 650 ft of the Paleocene Fort
Union Formation in the TA Hills in the western part of
the Powder River Basin, Johnson County, Wyoming. The
study area (fig. 1) is bounded by Kingsbury Ridge on
the north, Interstate Highway 25 to the east, Crazy
Woman Creek to the south, and the Big Horn Mountains
to the west. The Fort Union crops out along
north-northwest striking ridges and dips eastward.

The Eocene Wasatch Formation (fig. 1) lies to the east
of the study area. Measured structural dip of the
rock units in the TA Hills ranges from 25° northeast
in the northern part to 19° northeast in the southern
part.

Three decades ago, Hose (1955) and Mapel (1959)
established the basic stratigraphic framework of the
Upper part (1,200 ft thick) of the Fort Union
Formation in the study area. These stratigraphic
studies consisted mainly of generalized descriptions
of rock types in the Fort Union Formation. Hose
(1955) described the Fort Union Formation as
consisting of interbedded sandstore, siltstone,
mudstone, carbonaceous shale, and conglomerate, but,
in the study area, he did not mention the coal beds.
He further described the conglomerate as consisting
mainly of quartzitic sandstone pebbles, minor amounts
of dolomite and limestone pehbles, and rare pebbles of
Precambrian igneous rocks. Conglomerate is primarily
distributed within a 5-mi-long bhelt, less than 0.25 mi
wide, mainly east of the Billy triangulation area
(fig. 1) and is similar in character to that described
by Mapel (1959) in the Buffalo-Lake De Smet area
northwest of the TA Hills. Here, Mapel reported that
the basal 200-300 ft of the upper 1,200 ft of the Fort
Union Formation contained lenticular conglomeratic
bodies 1-20 ft thick. Hinrichs (1979) also described
and mapped conglomerate in the upper part of the Fort
Union Formation in the Buffalo-Story area north of the
TA Hills. Flores (1981) discussed detailed genetic
interpretations and emphasized coal bed correlations
and mapping of the upper part of the Fort Union
Formation east of the study area.
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Fieldwork by Jean N. Weaver, summer 1983;
assisted by Carol L. Molnia and Romeo M.
Flores.

Basic data for this study consist of measured
stratigraphic sections that range in thickness from 30
ft to approximately 650 ft. The measured sections
included descriptions of 1ithology, grain size,
composition, color, internal structure, trace-fossil
content, and thickness. Some trenching was necessary
to expose covered units. FEach section contained two
or more marker beds (for example, sandstone, coal,
conglomeratic sandstone) that were physically traced
to adjacent sections and were arranged to the hest
geometric fit (Flores and Canavello, 1979) to
construct cross-section panels. The correlated cross
sections cover a distance of approximately 3 mi (fig.
1). In addition, the paleocurrent directions in 175
foresets of trough crossbeds in sandstone were
measured. These paleocurrent directions are shown in
rose diagrams beside the stratigraphic sections.
Pebble counts of the conglomerates were made to
determine the characteristics of the source rocks.

LETHLCETYRES
Sandstone

Sandstone is the most common rock type in the
upper part of the Fort Union Formation in the TA
Hills. Sandstone is divided into two types, type I
and type II, on the basis of physical properties which
include color, grain size, internal structure,
thickness, and the nature of basal contact.

Type I sandstone is light buff or salt-and-pepper
gray on the weathered outcrop and has a fining upward
sequence. Multiple scours occur, in places, within a
single sandstone unit. Internal structures in the
upper part consist of Targe-scale trough crossbeds and
ripple Taminations. Measurements of trough crossbeds
show east to northeast orientation. Root marks, which
are lined with carbonized film, occur at the top of
the sandstone. In addition, Timonitic sandstone,
which caps the unit, has leaf imprints and occasional
burrows. Type I sandstone ranges from a few feet to
15 ft in thickness and varies from 0.5 to 1.5 mi in
lateral extent and has an erosional or scour base.

The measured sections show that these lenticular
sandstone bodies are stacked on top of one another en
echelon. Siltstone and mudstone commonly separate
sandstone bodies in the lower part of the study
interval. Type I sandstone is observed to be
laterally and vertically juxtaposed with type I1I
sandstone.

Type II sandstone is light buff in weathered
outcrop, and Timonitic zones frequently occur. Grain
size of the sandstone ranges from fine to medium, and
type II sandstone is finer grained than type I
sandstone. It shows a coarsening upward sequence.
Internal structures are ripple, convolute, and ripple-
drift laminations. Root marks and burrows are common
trace fossils that often destroy the internal
structures. Type II sandstone is a few inches to 15
ft thick and extends laterally from 200 ft to 2.5
mi. The thickness and lateral extent of type II
sandstone suggest a tabular or sheet-like shape.
IT sandstone is often replaced laterally by type I
sandstone, which is partly or completely scoured into
the type II sandstone body. Type I sandstone can
occur as isolated or nested bodies within type II
sandstone.

Type

Conglomerate

The conglomerate, which Hose (1955) described, is
primarily distributed in the northern part of the
study area and is closely associated with type I
sandstone in the upper part of the section. It is
salt-and-pepper gray or light buff and clasts have
heavy limonitic coating. The clasts range from pebble
(0.3-2.6 in.) to cobbhle (2.6-10 in. in diameter)
size. The largest cobble clast observed was 6 in. in
diameter. The clasts are generally subangular to
subrounded; however, some clasts are rounded. A
pebhle count of light-, medium-, and dark-colored
clasts showed an increase of light clasts accompanied
by a decrease of dark clasts up section. A
preliminary petrographic study indicated that the
light-colored clasts are composed of quartzose
sandstone, and the medium and dark clasts are composed
of chert, silicified limestone, wacke sandstone, and
siltstone. The source of the conglomerate is probably
Mesozoic and Paleozoic rocks from the Big Horn
Mountains. In contrast, no Precambrian igneous rock
fragments were found. Very crude pebble imbrications
and graded bedding were observed. Graded bedding may
occur as one or stacked successions. Conglomerate
beds vary in thickness from a few inches to 12 ft and
in lTateral extent from a few feet to 1 mi. These
dimensions suggest a lenticular shape. Conglomerate
occurs mainly as a basal-lag deposit in type I
sandstone; however, pebble-size particles are also
associated with local scour and fill structures of the
type I sandstone. Conglomerate heds are concentrated
in the upper 300 ft of the study interval and increase
in thickness and in number up section.

Siltstone, Mudstone, and Shale

Siltstone, mudstone, and shale are the primary
components of the fine-grained detrital deposits and
are commonly found as interbedded sequences in the
upper part of the Fort Union Formation.

In this study, siltstone and mudstone are
considered a facies association, because both are
interbedded with each other. In weathered outcrop
they range from grayish yellow to yellowish gray. In
places, where the surface is case hardened, they are
grayish white. Macerated plant remains and coal
fragments are common organic debris in the siltstone
and mudstone. The organic content sometimes controls
the color of the rocks. Ripple laminations are common
where they are not destroyed by root marks and
ourrows. Siltstone and mudstone beds are either
randomly arranged or one rock type may grade
vertically into the other. The combined thickness of
siltstone and mudstone is 7-30 ft. Their lateral
extent is as much as 2.5 mi, suggesting a sheetlike
shape. The sequence of mudstone and siltstone, in
places, grades laterally into coal and (or)
carbonaceous shale. In addition, both siltstone and
mudstone are found to be laterally equivalent and
vertically gradational into type Il sandstone, and
they commonly overlie type I sandstone.

Shale is light gray to hlack (fresh exposure).
Like mudstone and siltstone, the dark color of shale
is enhanced by its organic content. Shale is fissile
and breaks along planes that have concentrations of
plant fragments. Parallel laminations locally grade
into ripple laminations defined by siltstone lenses.
These internal structures are locally interrupted by
root marks and burrows. Shale occurs as stringers
0.2-0.5 ft thick and as much as 3 ft long. However,
shale commonly occurs as beds averaging 16 ft thick
that grade Taterally into sequences of siltstone and
mudstone and are interbedded with coal and
carbonaceous shale. Shale is commonly gradational
into type II sandstone in the lower part of the study
interval.

Carbonaceous Shale

Weathered surfaces of carbonaceous shale are
yellowish brown to very dark brown, case hardened, and
frequently form laterally continuous ledges.
Carbonaceous shale is fissile and contains abundant
macerated fragments of leaves, stems, branches, and
tree trunks mixed with mud. Beds are 0.2-30 ft thick
and extend laterally as much as 2 mi. Carbonaceous
shale occurs as interbeds in coal or as isolated
beds. Lenses of carbonaceous shale, which are 2-3 ft
thick, are occasionally interbedded with type II
sandstone. Although the carbonaceous shale beds are
found throughout the stratigraphic interval, they
increase in number and thickness in the lower part of
the section where they are commonly interbedded with
coal.

Coal

Coal is the most common organic deposit in the
upper part of the Fort Union Formation. The coal is
probably subbituminous and is similar to that studied
by Hose (1955) and Mapel (1959) in adjoining areas.
Color ranges from brownish black in weathered outcrop
to jet black in fresh outcrop. The coal beds show
woody texture and contain abundant plant fragments and
a few petrified stumps and tree trunks. Thickness of
the coal beds is 0.5-4 ft, and they are laterally

continuous for as much as 1 mi. Coal beds are
interbedded with and grade laterally into carbonaceous

shale. The beds occur predominantly in the lower part
of the study interval; however, some coal beds are
present in the upper part.

ENVIRONMENTAL INTERPRETATIONS AND CONCLUSIONS

The vertical sequences and lateral relationships
of the lithic types in the upper part of the Fort
Union Formation are illustrated in measured
stratigraphic sections in this report. These sections
permit delineation of facies association that, in
turn, lead to interpretation of environments of
deposition.

The sections show scour-based, trough cross-
bedded, fining-upward type I sandstone that represents
a channel deposit. In the upper part of the study
interval (see upper part of plate), immediately above
the scour-based surface of the channel sandstone, the
conglomerate is interpreted as a lag deposit. In the
lTower part of the study interval, channel sandstone,
which is interbedded with siltstone, contains point-
bar deposits. Channel sandstone is commonly bounded
by ripple-laminated, coarsening-upward, burrowed,
rooted, fine-grained sandstone that represents
crevasse-splay deposits. Beds that were scoured into
and laterally replaced crevasse-splay sandstone are
interpreted as crevasse-channel deposits. The fine-
grained detrital sediments, which underlie and grade
laterally into crevasse-splay sandstone, reflect
deposits at the distal end of the splay. Similar
fine-grained deposits that are rooted and overlie
channel sandstone represent overbank-levee deposits.
Fine-grained sediments that are interbedded with coal
and carbonaceous shale represent floodplain deposits
associated with backswamp deposits. Coal is commonly
formed in poorly drained backswamps on floodplains
where there is minimal detrital influx. The mixing of
sediments with organic matter in backswamps produces
carbonaceous shale.

MISCELLANEOUS FIELD STUDIES
MAP MF-1779

Cursory inspection of the measured sections
reveals two distinct facies associations on the basis
of the distribution of conglomerate and coal. The
upper part of the study interval is characterized by
abundant lag conglomerate associated with channel
sandstone and is identified as a conglomeratic
facies. In comparison to the conglomeratic facies,
the lower part of the study interval is characterized
by coal and is recognized as a coal-bearing facies.
The widespread distribution of conglomerate and coal
in the upper part of the Fort Union Formation probably
reflects the different environmental conditions that
existed at the time of deposition and (or) formation.

The coal-bearing facies in the lower part of the
study interval commonly shows associations of coal
with floodplain, crevasse-splay, and channel
deposits. Coal occurs above crevasse splay and
channel deposits or in fine-grained floodplain
deposits. This facies relationship suggests that
poorly drained backswamps developed on crevasse-splay
platforms formed by prograding sediments on a
floodplain that resulted from breached levees during
flooding (Saxena and Ferm, 1976). Channel abandonment
resulted from neck or chute cutoff and subsequently
channel aggradation moved to another part of the
alluvial plain. These processes of aggradation are
common in a meandering fluvial system. The presence
of point-bar deposits in the channel sandstone of the
coal-bearing facies suggests that a meandering fluvial
system operated during deposition of the lower part of
the section. That coal formed in backswamps of
central floodplains is suggested by its intercalation
with fine-grained deposits.

The conglomeratic facies, which succeeded the
coal-bearing facies, implies an increased influx of
coarse detritus. The high sediment input of the
fluvial system transformed the alluvial plain into a
well-drained alluvial fan having a high gradient as
indicated by the multiple-stacked conglomeratic
sandstone beds. The conglomeratic sandstone beds
contain vertical sequences of internal structures and
textures similar to the braided deposits of the Donjek
River described by Miall (1978). In addition, the
coarsening and thickening upward sequences of
conglomeratic sandstone are similar to the distal-fan
deposits described by Heward (1978) in Westphalian D-
Stephanian coal fields in northern Spain. The influx
of coarse detritus into the alluvial plain gradually
filled peat-forming backswamps of the meandering
fluvial systems as illustrated by the upper part of
the coal-bearing facies, which has very similar facies
characteristics as compared to the lower part of the
coal-bearing facies. This would suggest that the
meandering fluvial system of the coal-bearing facies
probably represents the basinward alluvial-plain
equivalent of the basin margin alluvial fan. That the
alluvial fan prograded eastward over the alluvial
plain is indicated by the east-northeast orientation
of the crossbeds and vertical gradation of the coal-
bearing and conglomeratic facies. The eastward
transport of sediment implies that the fluvial system
originated from the ancestral BRig Horn Mountains to
the west. That this ancestral source area underwent

uplift is implied by the change in characteristics of
the clasts within conglomerate beds up section. The
increased amounts of silicified limestone and chert
clasts accompanied by decreased amounts of quartzose
sandstone clasts in the upper part of the
conglomeratic facies suggest gradual erosion of
Mesozoic and Paleozoic units that contain these rock
types (Mapel, 1959). Thus, the thickness and areal
distribution of coal in the upper part of the Fort
Union Formation in the TA Hills was controlled by the
environments of deposition and tectonic uplift of the
source area.
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