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EVOLUTION OF SEDIMENTARY BASINS—POWDER RIVER BASIN

Origin of Thick Lower Tertiary Coal Beds in the
Powder River Basin, Wyoming and Montana—
Some Paleogeographic Constraints

By David Seeland

Abstract

The Powder River Basin contains extensive deposits of
thick low-ash coal, primarily in fluvial rocks of late Paleocene
{upper part of the Tongue River Member of the Fort Union For-
mation) and late Paleocene and early Eocene (lower part of the
Wasatch Formation) age. The coals are as much as 75 m thick
and collectively contain more than 80 percent of Wyoming's
coal resources.

Despite similar early Tertiary climate and biomass pro-
duction, nearby Laramide basins contain very little coal. The
abundance of coal in the Powder River Basin, relative to the
climatically and tectonically similar Bighorn and Wind River
Basins, may be a consequence of a major extrabasinal water
source (the Wind River Basin) that brought about conditions
favoring peat accumulation and, more importantly, preserva-
tion by insuring water-saturated anoxic conditions in major
swamps that were parallel with trunk streams in the basin.

The thick low-ash coals of the basin formed from peat
deposited in swamps rarely invaded by floodwaters. Two
mechanisms of formation have been postulated for swamps
that are almost free of floodborne sediment. The first is a
topographically high (raised or ombrogenous) swamp fed
only by rainwater, and the second is a low-lying swamp in
which humic acids flocculate clay at the swamp margins dur-
ing flooding.

Many recent investigators have favored ombrogenous
swamps to explain the thick low-ash coal beds of the basin;
however, the lack of thick coal beds in equivalent lower Ter-
tiary rocks of the adjacent Wind River and Bighorn Basins sug-
gests that this model is inadequate. The thick coal beds of the
Powder River Basin were developed from peat formed in, or in
part transported into, low-lying swamps adjacent to the basin-
axis trunk streams after development of basinal drainage in
post-early Paleocene time.

Other models for the origin of the thick coal beds relate
the coal beds to peat deposition associated with lacustrine

environments, either transported allochthonous peat deposited
in shallow swampy lakes or peat deposited in the interdeltaic
areas on the margins of a basin-scale lake. Both models require
centripetal drainage; however, paleocurrent studies of lower
Tertiary sandstones in the basin suggest that basin-axis streams
exited the basin to the north and northeast. Most of the thick
coals of the basin are adjacent to basin-axis streams, and the
origin of the thick coals must be related to a paleogeographic
reconstruction that incorporates a basin-axis fluvial system.

Subsidence is necessary for both accumulation and pres-
ervation of peat, and the thickest coal beds of the basin indi-
cate the position of greatest subsidence. Paleocurrent studies of
the Paleocene and lower Eocene rocks indicate that, despite
high biomass production during the early Paleocene, major
peat accumulation did not occur until after drainage integra-
tion in post-early Paleocene time.

In the late Paleocene, peat deposits that became the
Wyodak and Big George coal beds in the upper part of the
Tongue River Member accumulated in dip-oriented swamps
that were parallel with major north-flowing basin-axis trunk
streams of the central basin. A paleocurrent study of the
Tongue River Member shows that basin-axis streams flowed
north-northwest through the geographic center of the basin
and joined an east-flowing stream at the Montana-Wyoming
State line. Coal beds also formed from peat deposits that
formed in dip-oriented swamps along this east-flowing trunk
stream.

A paleocurrent study of the upper Paleocene and lower
Eocene Wasatch Formation shows that the basin axis had
migrated westward to the westernmost part of the basin near
the Bighorn uplift by Wasatch time. Coal beds of the Wasatch
Formation are also concentrated in the western basin. The
thickest of these coal beds, the 75-m-thick Lake DeSmet coal
bed, is parallel with and adjacent to the basin-axis trunk stream
of early Wasatch Eocene time.
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INTRODUCTION

In the Powder River Basin of Wyoming and Montana
coal beds are present throughout the sequence of rocks
formed from fluvial sediments deposited after the eastward
retreat of the Cretaceous Western Interior seaway but are
thickest and most abundant in uppermost Paleocene and
lower Eocene strata (fig. 1). The coal beds of this
sequence can be separated into thin beds, less than 2.1 m
thick, and thick beds, more than 2.1 m thick (Ethridge and
others, 1981). These two groups of coal beds have differ-
ent origins (Ethridge and others, 1981).

The thin, high-ash (more than 15 percent) coal beds of
the Powder River Basin were formed from peat that accu-
mulated in small swamps that were often invaded by flood-
waters (“low-lying swamps” of McCabe, 1984). The origin
of the thick, low- to moderate-ash coal beds (averaging 6.3
percent) (Glass, 1980) of the basin is controversial, how-
ever, because these coal beds require long-term stability
for formation, not a typical attribute of continental fluvial
depositional systems. The Wyodak coal bed in the Tongue
River is as thick as 36 m. A 7:1 compaction ratio for the
Wyodak (White, 1986) indicates that the Wyodak was
formed from more than 250 m of peat. Based on a mean
peat accumulation rate of 1.72 m/1,000 years for 26 mod-
ern swamps (Ayers and Kaiser, 1984), the Wyodak swamp
may have persisted for as long as 145,000 years.

Thick coal beds are commonly thought to be autoch-
thonous, formed from plant debris accumulated at or near
its growth site, but one of the thick Paleocene coal beds of
the basin has been postulated to be allochthonous (Chao
and others, 1984), consisting of plant debris transported a
substantial distance to the site of accumulation. Autoch-
thonous coals form in low-lying swamps such as the
Okefenokee of the southeastern United States (Cohen,
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Figure 1. Late Cretaceous through early Tertiary nomencla-
ture for the Powder River Basin, Wyoming and Montana.
Selected coal beds are also shown: W, Wyodak; B, Big George;
F, Felix; L, Lake DeSmet.
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1974) or in raised (ombrogenous) swamps nourished by
rainfall such as those of Sarawak and Brunei (Anderson,
1964).

McClurg (1988) proposed a basin-scale lacustrine
swamp as the peat-forming environment of the thick coals
of the Powder River Basin. The Great Dismal and
Okefenokee Swamps of the southeastern United States
were identified as recent partial analogs, though they lack
the subsidence necessary to form thick peat deposits.

Another theory for the origin of thick coals in the
Powder River Basin is that of Kent (1987) and Kent and
others (1986, 1988) and involves allocyclic structural con-
trol of sedimentation and peat deposition based on a north-
south structural fulcrum area of equilibrium between uplift
and subsidence, thought to be the most favorable area for
the development of thick peat in low-lying swamps.
Obernyer (1978, 1980) related the thickness and linear
development of the very thick Lake DeSmet coal bed to
fault control of subsidence. Ayers and Kaiser (1984) and
Ayers (1986) suggested that the thick upper Paleocene
coals of the Powder River Basin are of interdeltaic origin
and formed from peats deposited in elongate lake-margin
swamps developed between deltas that were part of a cen-
tripetal drainage system feeding a large lake.

The most common model suggested recently for the
origin of the thick low-ash coals of the Powder River
Basin is that of raised ground-water-fed or raised rain-fed
(ombrogenous) swamps. Recent examples of ombrogenous
raised swamps were described by Gore (1963). Raised
swamps lie topographically above sediment-laden flood-
waters, and the resultant peat is thus a possible precursor
of a low-ash coal. The raised ground-water-fed swamp
model was first proposed for the thick coals of the Powder
River Basin by Jackson (1979; see also Ethridge and
others, 1981). Jackson (1979) and Ethridge and others
(1981) proposed that ground-water discharge into the
swamps facilitated development of coal. The ground water
was thought to be nutrient rich, as compared to rainwater,
and as such supported a diverse flora for which Ethridge
and others (1981) found paleobotanic and petrographic
evidence. The flora of rain-fed raised swamps becomes
stunted and of reduced diversity as the substrate evolves
from mineral rich to mineral poor. Ethridge and others
(1981) showed that the ground-water table was substan-
tially below the ground surface; thus capillary action was
required to saturate the swamp in order to prevent oxida-
tion and peat destruction. McCabe (1984) pointed out,
however, that Romanov (1968) showed that capillary
action in peat only allows 30-40 cm movement of water
upward from the ground-water table; abundant rainfall
would therefore be necessary for the development of
floodproof raised swamps.

The raised-swamp ground-water-fed model, proposed
by Jackson (1979), as illustrated in Ethridge and others
(1981), shows thick peat (the Lake DeSmet coal bed?)















were near the geographic axis of the basin rather than in
the western basin as in Eocene time.

A model proposed by McClurg (1988) incorporates
elements of both the Kent and Ayers models. It suggests
long-lived shallow swampy lakes that shifted laterally in
response to basin tilting and localized the peat-forming
environment. In the case of both the McClurg and Ayers
models, paleocurrent studies do not confirm the centripetal
drainage necessitated by either deep or shallow large cen-
tral lakes. Another difficulty with the lake models is main-
taining 'hydrologic balance so that a lacustrine swamp
could be maintained for periods as long as 100,000 years.

McClurg (1988) discussed the model of Jackson
(1979), as also presented in Ethridge and others (1981), in
which he proposed that ground water moves upward
through a raised peat deposit providing water and nutrients
to raised swamps. McClurg pointed out that water is
unlikely to move upward through peat because as peat
accumulates its basal part becomes gel-like and nonporous
(Lewis Smith and Clymo, 1984).

Chao and others (1984) studied the petrographic char-
acteristics of samples from a cored drill-hole in the thickest
part (61 m) of the Big George coal bed. They concluded,
on the basis of petrographic structures and textures, that
the Big George coal is of allochthonous origin. They pos-
tulated that the source of the woody plant material was
adjacent forested swamps to the south. Most degradation
of the plant material probably occurred in the source
swamps.

If the Big George coal bed formed from allochthonous
peat, then its elongate north-northwest orientation (fig. 2)
could be a direct indication of paleostream-flow direction
(Ghosh, 1987). It does parallel probable stream directions
in this part of the basin (Seeland and others, 1988), but
coal swamps of autochthonous origin also form in dip-
oriented belts parallel with streams. Stanton and others
(1988) argued that the fragmental nonlaminated coal tex-
ture used by Chao and others (1984) to indicate alloch-
thonous origin could also have originated by in situ
mulching and degradation of plant parts. They also cited
low ash content and radial “drainage indentations” indi-
cated by the coal isopachs as indicative of autochthonous
raised-swamp origin.

Allochthonous peats and coals are rare (McCabe,
1984). They are usually too rich in mineral matter (ash) to
be economic (Teichmuller and Teichmuller, 1982).

The Felix and the Wyodak coals, said to be of raised-
swamp origin (Warwick, 1985; Warwick and Stanton,
1986), have mean ash contents of 7.8 and 6.0 percent,
respectively (Glass, 1980). These values are near the
upper limit of, or above, ash values characteristic of raised
swamps. Teichmuller and Teichmuller (1982) stated that
raised swamps frequently have an ash content of less than
1 percent, and McCabe (1984) gave a range of 0.2-6.5

percent ash in raised-swamp peats. The Big George coal, a
coal believed to be allochthonous by Chao and others
(1984) and which therefore should have a high ash con-
tent, has an ash content of 3.6 percent based on 37 analy-
ses, lower than any of the 12 Powder River Basin coals
studied by Glass (1980).

Furthermore, ash-content variability was high in many
of the coals: 5-22 percent ash with a mean of 7.8 percent
in 15 Lake DeSmet coal samples (Glass, 1980) and 1.6-22
percent ash in the Big George coal bed (Chao and others,
1984). This high variability suggests the possibility of
changing swamp types. Fires in the Okefenokee swamp of
Georgia changed low-lying swamps to open water (Cohen,
1974) and could open a swamp to sediment-laden flood-
waters by removal of the forest baffle or could allow the
deposition of high-ash allochthonous peat to follow depo-
sition of low-ash autochthonous peat, particularly near
major streams. Fire is indicated by fusinite, which is vari-
ably abundant in six Powder River Basin coal beds (Rich,
1980).

McCabe (1984, p. 27) stated that “an interpretation that
an entire seam of low or medium ash is allochthonous in
nature must envisage a process which prevented clastic
sediment from being transported and deposited with the
organic material.” If some or all of the low-ash Big George
coal was formed from allochthonous peat, then floccula-
tion of clay by humic acids on the swamp margins may be
the required process. Staub and Cohen (1979) found that
pH values are lower in freshwater swamps than in salt
marshes and suggested that humic acids in freshwater
swamps flocculate and cause deposition of clay at the
swamp margin during flooding. This same process could
keep the ash content of the nonmarginal parts of low-lying
autochthonous swamps low.

Thin coals as much as about 2 m thick in the basal
Lance Formation in the southern part of the Powder River
Basin have an average ash content of 6.8 percent based on
10 analyses (Glass, 1980). Inferred precipitation during the
Late Cretaceous was about half that in the late Paleocene
and temperature was about 4°C higher (Nichols and others,
1988). Consequently, evapotranspiration was greater in the
Maastrichtian than in the late Paleocene, and the much drier
Maastrichtian climate was not likely to allow formation of
ombrogenous swamps. Nevertheless, the ash content of the
sampled coal beds, probably of nonombrogenous origin,
was only 0.8 percent higher than that of the Wyodak, a coal
bed thought by some to be of ombrogenous origin. As a
result, the ash content of these coal beds either is unrelated
to its mode of origin, or, more likely, the coal beds all were
formed from peat deposited primarily in low-lying swamps.
The rainfall in the latest Cretaceous was much less than the
3 m required for ombrogenous swamps (McCabe, 1984).
The increase in rainfall from the latest Cretaceous into the
late Paleocene probably only increased the rate of biomass
production and did not change the dominant swamp type.

Origin of Thick Lower Tertiary Coal Beds Q7



SELECTED COAL BEDS OF THE
WASATCH FORMATION

Lake DeSmet Coal Bed

The thickest coal bed in the Wasatch Formation in the
Powder River Basin is the Lake DeSmet coal bed (bed L,
fig. 1). It is also the thickest coal bed in the United States
(Glass, 1980) and the second thickest in the world
(Obemyer, 1980). It is locally as thick as 75 m (Mapel,
1959; Obernyer, 1978). Wasatch coal beds are thicker,
more numerous, and more widespread in the central and
western parts of the Wasatch Formation than in the eastern
Wasatch Formation (Lageson and Spearing, 1988), a rela-
tionship shown on a coal-bed fence diagram presented by
Glass (1980).

The mode of occurrence of the Lake DeSmet coal in
the Wasatch Formation is typical of lower Tertiary coals in
the Powder River Basin; as described by Kent and others
(1988), “closely associated coal beds merge to form single
beds of combined coal, and the thickest single bed of com-
bined coal forms a central core.” The merging of coal beds
and the relationship between the Lake DeSmet and adja-
cent basin-margin alluvial-fan conglomerates was illus-
trated by Obernyer (1980) (fig. 6). Obernyer stated that
“the coals within the study area form marginal to the chan-
nels” but also suggested that the linearity and parallelism
of the deposits relative to the mountain front may be due to
control by a basin-margin fault.

The Lake DeSmet coal bed separates the alluvial fan
environment and its easterly paleocurrent indicators from
the alluvial channel environment and its north-northwest-
erly crossbedding (fig. 6). Three hundred and thirty
paleo-current measurements in a study area near Buffalo,
Wyoming (Obernyer, 1978), ar e in agreement with the
paleodrainage pattern of Seeland (1976). These paleocur-
rent measurements (fig. 6) provide more local detail but
confirm the basinwide data and interpretations of Seeland
(1976, 1992) that place the Lake DeSmet coal just west
of the Wind River of early Eocene time, a north-flowing
basin-axis stream (fig. 5). The early Eocene basin axis as
defined by the Wind River of early Eocene time should
indicate a line of maximum subsidence and is a likely
place to find the thickest early Eocene coal of the basin.

Obernyer (1978) attributed the Lake DeSmet coal to
peat formed in" a low-lying swamp. The moderately low
ash content of the Lake DeSmet (7.6 percent; Glass, 1980)
indicates little floodborne sediment even though the Lake
DeSmet swamp was in a particularly floodprone area
between the trunk stream of the basin and alluvial fans of
a major mountain range.
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Felix Coal Bed

The Felix coal deposit (bed F, fig. 1; fig. 7) has a max-
imum thickness of 8 m; it is near the base of the Wasatch
Formation and lies in part on a 50-m-thick sandstone that
unconformably overlies the Tongue River Member of the
Fort Union Formation (fig. 1). Its north-south orientation
(fig. 5) and the splitting of its central core to the east and
west (fig. 7) are similar to the geometry of other thick
Wasatch and Fort Union coals of the basin.

Early Eocene paleogeography (Seeland (1976, 1992)
(fig. 2) indicates that the Felix coal bed is strike oriented,
extending approximately north-south on a west-northwest-
dipping paleoslope. The axial part of the coal bed lies
about 70 km east of what was the north-flowing basin-axis
master stream of the basin, the Wind River of early
Eocene time (Seeland, 1976, 1978).

The paleogeographic interpretation of Warwick and
Flores (1987) and Flores and Warwick (1984) is based in
part on an average of one crossbed at each of 84 localities
in the lower Wasatch Formation spanning an interval from
about 30 m below to 40 m above the Felix coal. In their
interpretation, based on their paleocurrent and sandstone
isolith studies, the Felix coal swamp is immediately to the
east of a north-flowing trunk stream, in direct contradic-
tion to the paleogeography inferred from paleocurrent
results in Seeland (1976, 1992) and Obernyer (1980)
which suggest that the early Eocene axial drainage was 50
km farther to the west. Flores and Warwick (1984)
showed east-flowing streams in a large area of the basin
for which other paleocurrent evidence shows the streams
flowing in an almost opposite northwesterly direction. The
area of disagreement is 50 km wide and is between the
Wind River of early Eocene time (Seeland, 1976, 1992)
and the basin-axis trunk stream inferred by Warwick and
Flores (1987).

Summary rose diagrams were used by Warwick and
Flores (1987) to present crossbedding measurements.
Assuming that the center of each rose-diagram segment
was the mean of the measurements in that segment, vector
means were calculated. Mean crossbed dip azimuths were
332° for the 30 m of Wasatch below the Felix and 3° for
the 40 m above the Felix; the overall vector-mean azimuth
was 348° for the entire stratigraphic interval in the study
area of Warwick and Flores.

Seeland (1992) made 121 crossbed measurements at
10 localities in the area studied by Warwick and Flores
(1987). The overall vector mean calculated from
unweighted locality vector means is 299°. This result is
supported by data from other field stations collected out-
side the study area of Warwick and Flores (1987). The
results of Warwick and Flores and of Seeland differ by
53°, a substantial difference but much less than the
almost 90° difference suggested by the two paleogeo-
graphic interpretations.
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Figure 6. Block diagram illustrating merging of coal beds to form the Lake DeSmet coal bed and relationship between
Lake DeSmet coal bed and adjacent basin-margin alluvial-fan conglomerates. Rose diagrams of transport directions east
(200 measurements) and west (130 measurements) of the Lake DeSmet coal bed are also shown. Shaded area of the east-
ern rose diagram represents crossbedding of sandstones that are time equivalents of the upper third of the Lake DeSmet
coal bed. Shaded area of the western rose diagram represents crossbedding in conglomerates. Parallelogram represents
approximate location of town of Buffalo. Modified from Obernyer (1980, figs. 9, 13).

tions discussed above, similar contradictions or nonconci-
dence exist between sandstone trends and paleogeography
based on paleocurrent studies in Tertiary fluvial rocks of
the Powder River Basin. Sandstone percentages in 500-ft

Sandstone isoliths in fluvial rocks may not provide
reliable paleogeographic information, particularly if based
on widely spaced data points and (or) thick intervals. In
addition to the contradictory paleogeographic interpreta-
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Figure 7. East-west profile of Felix coal deposit. C indicates
central core of deposit. Modified from Kent (1988, fig. 2).

slices of the Wasatch (Bendix Field Engineering Corpora-
tion, Geology Division Staff, 1976) appear to be unrelated
to the paleogeographic interpretation based on a paleocur-
rent study (Seeland, 1976, 1992). A “percentage major
sands map (sands greater than 12 m thick)” (Ayers and
Kaiser, 1984) shows many east-west trends in the Tongue
River Member of the Fort Union Formation that are per-
pendicular to river flow directions as determined from the
paleocurrent study of Seeland and others, (1988). In con-
trast, the trends of sandstone isoliths in the Wasatch For-
mation of the southern Powder River Basin based on
closely spaced uranium exploration drill holes are parallel
with paleocurrent flow directions (Santos, 1981).

If the Felix coal bed was formed from peat deposited
in a raised swamp that was transverse to general stream
flow in Wasatch time, then stream directions on the
swamps downstream side could have been anomalous and
may poorly reflect regional trends. Warwick and Flores
(1987) did not locate their paleocurrent measurements, and
this hypothesis cannot be tested.

The strike-parallel orientation of the Felix coal (fig. 3)
and its precursor swamp could be explained by the teeter-
board hypothesis of Kent and others (1986) and Kent
(1987). This hypothesis, as previously discussed, requires
the coal bed to be elongate perpendicular to the paleoslope
(and paleostream directions). Although paleostream direc-
tions suggest that the teeterboard hypothesis does not
apply to the origin of the Big George and Wyodak coals,
it might be applied to the Felix because its “footprint” is
transverse to Wasatch stream-flow directions in the central
basin. A simpler explanation is that underlying upper
Tongue River depositional patterns and differential com-
paction affected development of lower Wasatch sedimen-
tation patterns.

If the interpretation of Warwick and Flores (1987) that
the Felix is a dip-oriented coal is accepted, then, because of
the stratigraphic position of the Felix coal bed near the base
of Wasatch Formation, it might be possible to argue that the
basin axis remained in the geographic center of the basin
through Felix time in the earliest Eocene and then rapidly
moved to the western basin. Paleocurrent data (Seeland
1976, 1992) do not, however, support this interpretation. In
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addition, the uplift of the Black Hills (and (or) basin subsid-
ence) suggested by the low-angle unconformity between the
Wasatch and Fort Union Formations (Kent and others,
1988) is also a likely cause of a pre-Felix westward move-
ment of the basin axis.

SUMMARY AND CONCLUSIONS

The late Paleocene and early Eocene paleogeography
of the Powder River Basin suggests that the thick coals in
the basin formed from peat deposits in dip-elongate
swamps near the basin-axis trunk streams. In late Paleo-
cene time the trend of the basin axis was north through the
central part of the basin; in latest Paleocene and early
Eocene time the trend of the basin axis was also north but
was in the westernmost part of the basin. Most major thick
coals were formed adjacent to basin-axis trunk streams.
Modes of origin involving peat from raised swamps, peat
from low-lying swamps, and allochthonous accumulations
of peat all have proponents and evidence. All these modes
of origin depend on climatically controlled high rates of
vegetative biomass production and low rates of decay pro-
duced by anoxic conditions in water-saturated peat.

Climate and subsidence rates were similar in the
Powder River, Wind River, and Bighorn Basins, but no
coals comparable to the thick coals of the Powder River
Basin are known along the early Eocene basin-axis trunk
streams (Seeland, 1985), or elsewhere, in either the Wind
River Basin or the Bighorn Basin. The late Paleocene
paleogeography of these basins is not well known but is
not likely to have been radically different from early
Eocene paleogeography. Little late Paleocene coal is in
either basin. If a raised-swamp depositional environment
and a high subsidence rate were all that was necessary to
produce thick coal, then extensive thick coals of late Paleo-
cene and early Eocene age should be found in the Wind
River and Bighorn Basins, as well as in the Powder River
Basin. Consequently, raised swamps, dependent on rain-
fall, were not necessary or sufficient to form thick coals,
given the early Tertiary climatic and tectonic conditions of
the Laramide basins, and it is more likely that autochtho-
nous and possibly allochthonous organic materials depos-
ited in low-lying swamps were the precursors of most of
the extensive coal deposits of the Powder River Basin.

The Powder River Basin has more than 80 percent of
the coal resources in Wyoming (Glass, 1980), and there-
fore other factors not related to climate or subsidence rate
must be unique to the Powder River Basin. The most likely
factor is regional paleogeography. Drainage from the Wind
River Basin to the Powder River Basin throughout most of
the early Tertiary greatly increased the volume of water
flowing through the basin along the basin-axis trunk
streams. Greater amounts of water favored accumulation
and preservation of peat and the formation of thicker and
more widespread coal deposits than in adjacent basins that



were climatically and tectonically similar but lacked a
major extrabasinal water source.

Pre-middle Paleocene coal is not abundant either in the
basin or region. The paleogeographic evolution of the
basin is directly related to the time of the formation of
major peat deposits. Paleocurrent analysis and studies of
outcrop lithology (Seeland, 1988) and lithofacies patterns
(Ayers, 1986) of the lower Paleocene Tullock Member of
the Fort Union Formation suggest that the basin had not
yet begun to form in the early Paleocene. In spite of high
biomass production in early Paleocene time (Nichols and
others, 1988), basinal drainage was not yet integrated and
biomass preservation was low. The Tullock contains abun-
dant sandstone that originated either in uplifts far to the
west or from reworked uppermost Cretaceous sandstone of
the Lance or Hell Creek Formations.

In mid-Paleocene (Lebo) time uplift of the Black Hills
and Bighorn Mountains formed a north-trending basinal
trough, integrating the previously diffuse subparallel north-
easterly drainages into a north-trending basin-axis drainage
system. The first sediments produced by the Laramide
uplift of these ranges were dominantly fine grained silt and
mud derived from thick Mesozoic marine shale sequences.
Lebo-age coals are rare because of the vast quantities of
silt and mud that entered the basin at this time. Rare chan-
nel sandstones exhibit paleocurrent directions similar to
those in the overlying Tongue River Member. As contribu-
tions of fine-grained sediment derived from the Mesozoic
shales decreased during late Paleocene (Tongue River)
time, extensive low-lying swamps developed parallel with
the north-flowing basin-axis streams. The Wind River
Basin to the west had a basin-axis stream (Seeland, 1978)
that flowed across the Casper arch, a structural feature
between the two basins, and substantially augmented the
flow of the axial streams in the Powder River Basin creat-
ing conditions that favored development and preservation
of thick peat deposits in dip-oriented low-lying swamps
parallel with the basin-axis streams. Waltman Lake
(Keefer, 1965) in the Wind River Basin may have inter-
rupted this drainage during part of the late Paleocene but
more likely had a continuous overflow outlet on its north-
east (Casper arch) side.

As the north-south basin axis migrated westward from
its late Paleocene position near the geographic axis of the
basin near Gillette to its latest Paleocene and early Eocene
position in the westernmost basin near Buffalo, so did the
associated major low-lying swamps. Wasatch-age coal
beds are thus more abundant and thicker in the western
part of the basin. The Wind River Basin continued to
drain eastward into axial streams of the Powder River
Basin, continuing the uniquely favorable conditions that
allowed extensive development of thick coal beds in early
Tertiary fluvial rocks of the Powder River Basin.
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