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INTRODUCTION

The measured sections in this report show lower Tertiary stratigraphy, sedi-
mentology, and coal geology of the lower part of the Paleocene Fort Union Forma-
tion near the town of Grass Creek, southwestern Bighorn Basin, Wyoming (fig. 1).
The study area, which encompasses about 30 mi?, is within the Grass Creek Basin
15-minute topographic quadrangle and parts of the Grass Creek, Hamilton Dome,
and Red Ridge 7.5-minute topographic quadrangles. Field studies were done in the
summers of 1990 and 1991, and 12 sections were measured and described over a
distance of 11 mi (fig. 2). Sections were measured using a Jacob's staff, steel tape,
and compass. The purpose of this report is to provide a basic stratigraphic and sed-
imentologic framework for strata in the lower part of the Fort Union Formation in
the southwestern Bighorn basin, and, in particular, to provide insight to the stratig-
raphy, areal extent, and lateral variation of coal-bearing and clastic facies in the
study area.

The Fort Union Formation is generally well exposed in the area southwest of
the town of Grass Creek. However, a significant amount of the Fort Union Forma-
tion has been removed by erosion, and only the lower part of the formation is pre-
served in the study area. Additionally, grass, sage brush, and colluvium obscure
many bedrock exposures, particularly between the Grass Creek coal mine and Ilo
Ridge. Where practical, such covered intervals were hand dug to expose bedrock;
grain size shown in covered intervals (fig. 3) is inferred from weathered material on
the ground surface. All of the measured sections, except for sections 1, 4, and 7
(fig. 3), represent continuous vertical measurements requiring little or no lateral off-
set. Sections 1, 4, and 7, however, required offsets which are shown on figure 2 by
dashed lines that connect the lower (L) and upper (U) parts of each section. These
measured sections are labeled as composite sections on figure 3, and the interface
between the parts of each composite section is shown beside the stratigraphic col-
umn. Additionally, unpublished drill-hole data (1973) from mine operators at the
Grass Creek coal mine supplemented outcrop data in the upper, coal-bearing part
of measured section 1.

The maximum thickness reported for the Fort Union Formation in the study
area is 1,030 ft in sec. 6, T. 45 N., R. 97 W. (Hewett, 1926). The measured sec-
tions presented here range in thickness from 185 ft at section 3 in Coal Mine Draw
to 805 ft at section 12 (fig. 3) on the southwest side of llo Ridge. By comparison, in
the area between Red Ridge and Blue Ridge northeast of the study area (fig. 2),
Hewett (1926) reported a Fort Union Formation thickness of 3,140 ft.

The primary datum (datum A) used in figures 3 and 5 is the top of a persistent
bed of quartzite conglomerate that was mapped as the basal bed of the Fort Union
Formation throughout the study area (Hewett, 1926). The top of the basal bed is
typified by a distinct break in slope on outcrops, and, where possible, measurement
of the sections was started at the base of this conglomeratic horizon. In section 1,
only the upper part of the basal bed was exposed, and an incomplete thickness is
shown for this unit in figure 3. In addition, incomplete exposures of the lower part
of the Fort Union Formation in the area of the Grass Creek coal mine necessitated
the use of a secondary datum (datum B), about 565 ft above datum A. Datum B is
placed at the base of the Mayfield coal bed (fig. 3).

PREVIOUS STUDIES

There are limited published reports about the stratigraphy, sedimentology, and
coal geology of the Fort Union Formation in the study area. Earlier studies, such as
Fisher (1904) and Berryhill and others (1950), reported coal localities in and near
the study area, although these reports typically describe coal beds in Cretaceous
strata and provide limited data on coal-bed stratigraphy of the Fort Union Forma-
tion. Hewett (1926) completed an extensive study of outcrops in the Grass Creek
Basin 15-minute quadrangle and adjacent Meeteetse and Oregon Basin 15-minute
quadrangles, and his report includes a comprehensive discussion of Fort Union For-
mation lithology near Grass Creek. Kraus (1984) described the sedimentology and
provenance of the basal conglomeratic bed of the Fort Union Formation in the
study area.

Coal resources of the Fort Union Formation in the study area were reported by
Stewart (1975), who assessed the resource potential of coal beds in the Grass Creek
coal mine and an adjacent area 2.5 mi northwest of the mine (near measured sec-
tion 1, fig. 3). Studies by Glass (1981) and Glass and others (1975) provide summa-
ries of the thickness and coal quality of principal coal beds in the Fort Union
Formation in the Grass Creek coal field.

GEOLOGIC SETTING

Deposition of the lower part of the Fort Union Formation in the study area was
coincident with Laramide structural development of the Bighorn basin in early Ter-
tiary time (see Love, 1973). The Fort Union Formation in the study area is Pale-
ocene in age (Hewett, 1926), and the formation is exposed discontinuously along
the flanks of the northwest-trending Grass Creek syncline (Hewett, 1926; Stewart,
1975) and an adjacent east-trending syncline on Ilo Ridge (Hewett, 1926). The syn-
clines are asymmetrical, with dips varying from 20° to 60° along the northern flanks
and averaging about 20° along the southern flanks. Dips at measured sections were
generally 15° or less.

The contact between the Fort Union Formation and underlying Upper Creta-
ceous Lance Formation has been interpreted as both conformable (Hewett, 1926)
and unconformable (Kraus, 1984). Although the erosional nature of the basal bed of
the Fort Union Formation suggests an unconformity, available data are insufficient
to verify either interpretation. Palynomorphs from above and below the basal bed
indicate a latest Cretaceous or earliest Paleocene age for the deposit (Kraus, 1984).

Strata assigned to the Fort Union Formation are characterized by thin to thick
sandstone bodies, conglomerate, mudrock (including mudstone, siltstone, and inter-
laminated very fine grained sandstone), carbonaceous shale, and coal beds. Hewett
(1926) identified lower and upper coal zones within the Fort Union Formation in
the study area, and we show their interpreted distribution on figures 3 and 5. The
coal-zone boundaries are inferred on the basis of known coal beds and apparent lat-
eral continuity of overlying and underlying coal-bearing strata. The lower coal zone
immediately overlies the basal Fort Union conglomerate and attains a maximum
thickness of 130 ft in measured sections 6 and 7. The base of the lower coal zone,
as defined here, is coincident with datum A. The base of the upper coal zone is
placed within an interval from about 425 to 500 ft above the top of the basal bed of
the Fort Union Formation (datum A), and the maximum thickness of the upper coal
zone is 195 ft at the Grass Creek coal mine (measured section 4, fig. 3). The May-
field coal zone (Roberts and others, 1994) is included within the upper coal zone at
the mine.

The upper coal zone is equivalent (in part) to a 380-ft-thick interval of quartzite
conglomerate and conglomeratic sandstone that crops out on Ilo Ridge some 8.5 mi
southeast of the Grass Creek coal mine (fig. 3). The base of the conglomeratic inter-
val on Ilo Ridge is 375 ft above the top of the basal bed of the Fort Union Forma-
tion, and the conglomerate consists primarily of well-rounded, quartzite cobbles and
pebbles. Discontinuous exposures of conglomerate can be traced to horizons below
and above the upper coal zone in the Grass Creek coal mine area.

DISCUSSION OF LITHOLOGIC UNITS

The measured sections (fig. 3) emphasize lithology and distribution of coal and
clastic facies in the lower part of the Fort Union Formation, and they provide infor-
mation on the sedimentary structures in sandstone beds in the study area. Sedimen-
tary structures in the measured sections show the primary form of stratification.
Where sedimentary structures were not apparent or too faint for interpretation,
none are shown. Depiction of sedimentary structures within thin sandstone beds
was not feasible because of the scale at which the measured sections are plotted.

CONGLOMERATE

Hewett (1926) recognized three horizons containing quartzite conglomerate
within the lower part of the Fort Union Formation in and near the study area. His
lowermost horizon of conglomerate is represented by the basal bed of the forma-
tion. In strata overlying the basal bed, Hewett (1926) observed a second conglomer-
atic horizon composed of a 50-ft-thick unit of conglomeratic sandstone, the base of
which is 360 ft above the base of the Fort Union Formation in Spring Gulch and on
Tlo Ridge. A third conglomeratic horizon is 760 ft above the base of the formation
northeast of llo Ridge.

Based on our investigations in the study area, we recognize two primary con-
glomeratic intervals within the lower part of the Fort Union Formation: the basal
bed of the formation and an overlying conglomeratic interval (informally referred to
here as the llo Ridge conglomerate) which is well exposed on Ilo Ridge and partially
exposed between Ilo Ridge and the Grass Creek coal mine. The Ilo Ridge conglom-
erate includes the upper two conglomeratic horizons described by Hewett (1926) in
Spring Gulch and near llo Ridge.

Basal bed of the Fort Union Formation

The basal bed of the Fort Union Formation is a deposit of framework-sup-
ported conglomerate that averages about 50 ft in thickness throughout the study
area (Hewett, 1926; Kraus, 1984). The conglomerate is composed of well-rounded
quartzite clasts with subordinate chert and sandstone clasts (Hewett, 1926). Primary
bedding is characterized as massive, horizontally stratified, or planar cross-stratified
(Kraus, 1984). Toward the eastern end of llo Ridge (measured section 12, fig. 3),
the basal bed is composed of sandstone that contains few or no clasts. For detailed
descriptions of the basal conglomerate, see Hewett (1926) and Kraus (1984).
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The Ilo Ridge conglomerate is so called because the most complete exposures
are on llo Ridge near the eastern limit of the study area (measured section 12, fig.
3). Here, the conglomerate is represented by a succession of conglomerate and con-
glomeratic sandstone that is 380 ft thick and crops out intermittently over a distance
of 2 mi along the upper part of the ridge. The base of the conglomerate is 375 ft
above the top of the basal bed of the Fort Union Formation, and the conglomerate
is composed primarily of well-rounded cobbles and pebbles of quartzite. A-axis
lengths in larger cobbles can be in excess of 8-9 in. Paleocurrent interpretation
based on azimuth readings (72 readings) of trough foresets in sandstone, clast imbri-
cation, and planar foresets in conglomerate indicate an overall paleoflow to the
northeast at the llo Ridge locality.

In general, the Ilo Ridge conglomerate can be divided into a lower, conglomer-
ate-rich interval and an upper, sandstone-rich interval (fig. 3). The conglomerate-
rich interval is 195 ft thick and is characterized by interbedded rpassive and cross-
stratified, clast-supported conglomerate, subordinate matrix-supported conglomer-
ate, and cross-stratified or horizontally laminated sandstone. Cross-stratified con-
glomerate is both trough crossbedded and planar tabular crossbedded, and erosional
scour is evident at the base of most of the crossbedded units. Normal and inverse
graded bedding was observed locally. Massive (clast-supported) and matrix-sup-
ported conglomerate is more common in the lower 60 ft of the conglomerate-rich
interval. Interbedded sandstone units within the conglomerate-rich interval are dom-
inantly medium grained.

The upper, sandstone-rich interval is 185 ft thick and consists primarily of sand-
stone interbedded with subordinate conglomerate. The sandstone is dominantly
medium grained, and basal contacts of the sandstone beds are sharp and erosional.
Erosional contacts are typically overlain by pebble lag. Trough cross-stratification
and horizontal laminations are the most prevalent sedimentary structures within the
sandstone. Interbedded conglomerate is clast supported and trough crossbedded.
There is an apparent decrease in the overall size of clast constituents in the sand-
stone-rich interval relative to the underlying conglomerate-rich interval, as well as an
increase in mudrock, which is typically greenish gray, brown, or red.

The Ilo Ridge conglomerate correlates in part with conglomerate on the west
side of Kester Coulee (measured section 9), in Spring Gulch (measured section 7),
and near the Grass Creek coal mine (measured sections 4 and 5). The interbedding
of conglomerate and coal-bearing strata in Spring Gulch (measured section 7) sug-
gests intertonguing between conglomerate and coal-bearing deposits of the upper
coal zone in areas west of llo Ridge, although incomplete exposures preclude an
accurate representation of this relation (fig. 3). Conglomerate beds that are interbed-
ded with deposits of the upper coal zone near Kester Coulee (measured section 9)
and in Spring Gulch (measured section 7) are interpreted to be correlative with the
lower and middle parts of the llo Ridge conglomerate. On the west side of Kester
Coulee, the llo Ridge conglomerate is represented by a poorly exposed, 70-ft-thick
interval of poorly consolidated quartzite conglomerate that is 390 ft above the basal
bed of the Fort Union Formation. The conglomerate underlies mudrock and thin
coal or carbonaceous shale beds that are correlative with the lower part of the upper
coal zone. This bed of conglomerate is also in Spring Gulch where it thins to 45 ft in
thickness. Interbedded with deposits of the upper coal zone at this location is an
additional bed of conglomeratic sandstone (fig. 3).

West and northwest of Spring Gulch, deposits of conglomerate interpreted to
be correlative with the Ilo Ridge conglomerate are more sporadic and isolated. In
the area of the Grass Creek coal mine (measured sections 2-5), stratigraphic inter-
vals correlative with the lower part of the llo Ridge conglomerate are characterized
by a thick succession of cross-stratified sandstone that underlies the upper coal zone
(fig. 3). The sandstone contains bedded lenses of quartzite gravel as lag deposits
overlying internal scour surfaces. In the upper coal zone exposed in the mine high-
walls (Mayfield coal zone), conglomerate, including diamictite (conglomeratic mud-
stone), overlies a 19-ft-thick coal bed. In coal-bearing strata north of the mine
(measured section 2, fig. 3), conglomerate float is present although no conglomer-
ate was observed in-place.

In measured section 1, we observed only minor conglomeratic float on the
ridge top above the measured section. However, Hewett (1926) reports 80 ft of
concealed conglomerate in an interval from about 294 to 374 ft above the top of
the basal bed at this location.

SANDSTONE

Sandstone forms thin, tabular units or thin to thick, cross-stratified units that
are present as either single or vertically and laterally connected bodies.

Tabular sandstone

Tabular sandstone bodies range in thickness from less than 1 ft to as much as
10 ft, although most are less than 3 ft thick. Basal and upper contacts are sharp,
and there is little to no relief on basal contacts. The sandstone exhibits a sheet-like
geometry on outcrop, and most sandstone is ripple laminated and horizontally lami-
nated. Ripple-drift lamination is common. Tabular sandstone is mostly very fine to
fine grained, and grain size is generally uniform upward through the units. Locally,
the sandstone coarsens upward to medium grain size, and a sharp erosional surface
separates the medium-grained sandstone from underlying very fine to fine-grained
sandstone. Small-scale trough cross-stratification is present in medium-grained inter-
vals. Many of the sandstone beds contain fossil root traces, abundant macerated
plant fragments, and poorly preserved leaf imprints on bedding planes. Desiccation
cracks and small, vertical and horizontal burrows are evident on the exposed upper
surface of some tabular sandstone beds.

Cross-stratified sandstone

Cross-stratified sandstone bodies range in thickness from about 3 ft to as much
as 110 ft. Basal contacts have erosional relief, and upper contacts are sharp. The
sandstone weathers light gray, buff, or white. Thick cross-stratified sandstone beds
are composed of vertically and laterally connected sandstone bodies separated by
erosional surfaces, which are overlain by silt or clay rip-up clasts. Connected sand-
stone bodies are present in the Fort Union Formation throughout the study area,
and they are particularly well developed immediately underlying the upper coal zone
(measured sections 4 and 5, fig. 3) near the Grass Creek mine, underlying conglom-
eratic units near Kester Coulee, and on Ilo Ridge (measured sections 9, 11, and 12,
fig. 3). Trough crossbedding is the dominant sedimentary structure within the sand-
stone bodies, and trough crossbed heights generally range from 1.5 to 2.5 ft. Sub-
ordinate planar-tabular crossbeds and horizontal bedding (or lamination) were also
observed in many of the cross-stratified sandstone beds. Internal sedimentary struc-
tures are commonly highly contorted as a result of soft sediment deformation, and
dewatering structures (flame structures) in excess of 1-2 ft in height are common.

Cross-stratified sandstone is predominantly medium grained, although it ranges

{rom fine to coarse grained, and it is locally conglomeratic where it underlies the

upper coal zone near the Grass Creek coal mine. Cross-stratified sandstone bodies
generally fine upward and sedimentary structures pass upward from large-scale
trough crossbedding to small-scale cross-stratification and, ultimately, ripple lamina-
tion. Root traces are less evident in cross-stratified sandstone as compared to tabu-
lar sandstone, and burrows are rare.

Paleocurrent data, based on azimuth readings of trough foreset and trough limb
orientations in thick beds of cross-stratified sandstone, are shown as rose diagrams
adjacent to sandstone intervals in figure 3. In general, the sandstone units exhibit
strong components of northerly or northeasterly paleoflow, suggesting source areas
to the west or southwest. Exceptions are (1) the uppermost cross-stratified sand-
stone in measured section 2, which has a strong component of southeasterly paleo-
flow, and (2) a 52-ft-thick cross-stratified sandstone bed in the lower part of
measured section 4, which has a strong component of easterly paleoflow (fig. 3).
These determinations reflect paleoflow indicators observed within limited vertical
profiles of sandstone beds distributed over a restricted area. Therefore, interpreta-
tions of source areas are inferred. In addition, the two-dimensional nature of many
of the exposures hampers a more complete analysis of bed-form orientations.

MUDROCK

Mudrock consists of silty to sandy mudstone, siltstone, and interlaminated very
fine grained sandstone. Mudrock units are massive or laminated, and weather gray,
greenish-gray, white, and brown on outcrop. White mudrock intervals exhibit a
granular or “popcorn-like” texture. Locally, the mudrock is variegated, and charac-
terized by reddish or reddish-purple hues. These variegated intervals are most evi-
dent in the lower part of the upper coal zone in Spring Gulch and near the Grass
Creek coal mine, and, to a lesser degree, in mudrock interbedded with conglomer-
ate on llo Ridge. Gradational, coarsening-upward successions of mudrock, siltstone,
and thin-bedded, very fine grained sandstone are common within mudrock intervals,
and fossil rootlets are generally present in sandstone capping these successions.
Macerated plant fragments and disseminated carbonaceous material are abundant,
and sideritic concretions were observed locally within mudrock.

COAL AND CARBONACEOUS SHALE

Coal and carbonaceous shale beds are in both the lower and upper part of the
Fort Union Formation in the study area. The primary coal-bearing intervals are
informally referred to as the lower and upper coal zones, and, as shown, are gener-
ally consistent with the observations of Hewett (1926).
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Figure 5. Generalized diagram of cross section A-A’ showing facies changes in the
lower part of the Fort Union Formation in the study area. The apparent unconfor-
mity shown at the base of the Fort Union Formation is queried and based on inter-
pretations of Kraus (1984). Modified from Roberts and others (1994).
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LOWER COAL ZONE

Coal beds in the lower coal zone are generally composed of dull- and bright-lus-
ter coal interbedded with carbonaceous shale. Coal and carbonaceous shale beds
are typically found within massive mudrock intervals or as interbeds separating thin,
tabular sandstone beds. As described by Hewett (1926), the lower coal zone is near
the base of the Fort Union Foermation, and includes the Gwynn coal bed, which is
within 40-50 ft of the basal bed of the formation. We arbitrarily place the base of
the lower coal zone at the top of the basal bed (datum A) because coal and carbon-
aceous shale beds are within 8-12 ft of this horizon on Ilo Ridge and on the west
side of Kester Coulee. The inferred upper boundary of the lower coal zone is more
variable, and its position is based on the presence and apparent lateral continuity of
coal and carbonaceous shale beds in the interval below this horizon. The upper
boundary is generally consistent throughout the measured sections from Spring
Gulch southeastward to Ilo Ridge. Northwest of measured section 7 in Spring
Gulch, however, coal beds are less evident and intervals correlative with the upper
part of the lower coal zone (measured sections 1 and 4) include more sandstone.
Our placement of the upper limit of the lower coal is more tenuous in these areas.
In part, this is because of extensive cover caused by slumped blocks of sandstone
from within and above this interval. Additionally, the increased amount of thick,
cross-stratified sandstone beds suggests that the depositional environments were
less conducive to coal development in areas northwest of Spring Gulch. Hewett
(1926) reported that the Gwynn coal bed is in outcrops near measured section 1
and, although we did not observe the coal bed, we have shown the inferred upper
limit of the lower coal zone to be immediately above his projected coal-bed horizon.
The upper limit of the lower coal zone in the area of measured section 4 is question-
ably located.

The lower coal zone ranges in thickness from 45 ft in measured section 1 to
130 ft in measured section 7 (Spring Gulch). Coal and carbonaceous shale beds are
as much as 3.5 ft thick, although most are 1.5 ft thick or less. In measured section 8
on the west side of Kester Coulee, a 3.5-ft-thick coal bed is 45 ft above the top of
the basal bed of the Fort Union Formation, and we interpret this coal bed to be
equivalent to the Gwynn coal bed of Hewett (1926). The relatively thin nature of
most of the coal beds and the discontinuity of good exposures precludes determina-
tions of lateral coal-bed continuity, so no attempt is made here to correlate individ-
ual coal beds within the lower coal zone.

UPPER COAL ZONE

The upper coal zone contains the thickest coal beds in the study area and
includes the interval from about 425 to 655 ft above the top of the basal bed of the
Fort Union Formation. Boundaries of the upper coal zone are inferred. Near the
Grass Creek coal mine (measured sections 4 and 5), to the southeast in Spring
Gulch, and on the west side of Kester Coulee (measured sections 7 and 9), the lower
boundary is placed (1) at the top of conglomeratic rocks equivalent to the lower part
of the llo Ridge conglomerate or (2) at the top of equivalent sandstone beds near the
mine. In Spring Gulch and near Kester Coulee, only the lower part of the upper
coal zone is exposed. In measured section 1 the lower boundary is placed at the top
of a medium- to coarse-grained, cross-stratified sandstone bed that underlies the
lowermost coal bed of the upper coal zone. Determining the top of the upper coal
zone is more problematic because of the incomplete nature of exposures containing
this horizon. As shown, the top of the upper coal zone is arbitrarily placed at the
top of the uppermost thick coal bed exposed on the highwall of the Grass Creek
coal mine (measured section 4). This horizon corresponds to the top of the Mayfield
coal zone of Roberts and others (1994). Extension of this horizon east and west of
the mine is inferred. Although exposures of the upper coal zone are typically cov-
ered or eroded, the absence of coal-bearing deposits on llo Ridge suggests that the
upper coal zone pinches out in areas just west or northwest of measured sections 11
and 12 (fig. 3).

Thick coal beds in the upper coal zone are restricted to the northwestern part
of the study area, primarily in secs. 21 and 26, T. 46 N., R. 99 W., near measured
section 1 and the Grass Creek coal mine, respectively (fig. 2). Figures 3 and 4 show
informal coal-bed nomenclature for some of the thicker coal beds in this part of the
study area; figure 4 also depicts our interpretation of how this nomenclature has
been historically applied. In general, we adhere to established coal-bed nomencla-
ture in this area (see, for example, Hewett, 1926; Stewart, 1975). However,
Hewett (1926) reported the Mayfield coal bed to be 420 ft above the base of the
Fort Union Formation. In contrast, cuttings data from a drill hole at the Grass Creek
mine show the Mayfield coal bed to be about 565 ft above the top of the basal bed
of the formation. For this reason, we correlate the Mayfield coal bed in the mine
with the uppermost coal bed in measured section 1 (Mayfield's Ranch area; fig. 3);
this coal bed was described but not named by Hewett (1926), and it was designated
as the Mayfield coal bed by Stewart (1975). In addition, we designate the lowermost
coal bed in the upper coal zone in measured section 1 as the Grass Creek coal bed;
this coal bed was interpreted to be equivalent to the Mayfield coal bed by Hewett
(1926), and it was designated as the Gwynn coal bed by Stewart (1975).

Grass Creek coal bed

The base of the Grass Creek coal bed is 440 ft above the top of the basal con-
glomerate bed of the Fort Union Formation, and the coal bed is 7 ft thick in mea-
sured section 1. Drill-hole data near measured section 1 indicate that the Grass
Creek coal bed ranges in thickness from 4 to 28 ft and it thins to the northwest and
southeast. Based on unpublished reports (1973) furnished by the Grass Creek coal
mine operators, the ash yield of the Grass Creek coal bed in this area averages 12.5
percent, and the total sulfur content averages 0.4 percent.

We observed no equivalent to the Grass Creek coal bed in outcrops south of
the Grass Creek coal mine (measured section 4), although nearby drill-hole data
indicate an 8-10-ft-thick coal-bearing interval at a stratigraphic position correlative
with the Grass Creek coal bed. Southeast of the mine, in Spring Gulch and near
Kester Coulee, intervals stratigraphically equivalent to the Grass Creek coal bed are
composed of mudrock and minor coal and carbonaceous shale beds.

Mayftield coal bed

The Mayfield coal bed ranges in thickness from less than 4 ft to as much as
36.8 ft. This coal bed is the current target of exploitation in the Grass Creek coal
mine. Palynomorphs collected from the Mayfield coal bed correlate to the P3 bio-
zone of Nichols and Ott (1978), indicating a late early or middle Paleocene age for
the deposit (D.J. Nichols, U.S. Geological Survey, written commun., 1991). The
base of the coal bed ranges from about 555 to 565 ft above the top of the basal
conglomerate bed of the Fort Union Formation, and the coal bed is thickest to the
north of the mine in the NE 1/4 sec. 26, T. 46 N., R. 99 W. (Stewart, 1975). Our
interpretations of previous work by Stewart (1975) and unpublished drill-hole data
(1973) furnished by the mine operators indicate that the Mayfield coal bed thins to
the southeast and probably pinches out in this direction within a mile of the mine. In
the mine, the coal bed is about 26 ft thick, including 4.2 ft (cumulative thickness) of
claystone partings. Ash (dry basis) and total sulfur (dry, ash-free basis), calculated
according to ASTM standards (ASTM, 1991), average 17 percent and 0.5 percent,
respectively (Roberts and others, 1994).

Drill-hole data near measured section 1 (sec. 21, T. 46 N., R. 99 W.) indicate
that the Mayfield coal bed attains a maximum thickness of 34 ft, pinches out within
a short distance to the north and northeast, and thins significantly to the southeast.
For these reasons, continuity of the Mayfield coal bed between measured section 1
and the Grass Creek coal mine, as shown in figures 3, 4, and 5, is inferred.

Rider 1 coal bed

The rider 1 coal bed was observed in the highwall of the Grass Creek coal
mine, and it is interpreted to be restricted to the mine area (Roberts and others,
1994). The base of the coal bed is about 615 ft above the top of the basal conglom-
erate bed of the Fort Union Formation (fig. 3), and the coal bed is about 9 ft thick in
the mine. The rider 1 coal bed pinches out to the west along the mine highwall;
however, its continuity in other directions is unknown because of limitations of
exposures in this area. No chemical analyses are available and there has been no
significant production from this coal bed.

Rider 2 coal bed

As with the rider 1 coal bed, the rider 2 coal bed is thought to be restricted to
the Grass Creek mine area. The base of the coal bed is 635 ft above the top of the
basal conglomerate bed of the Fort Union Formation, and its maximum thickness is
19 ft. The rider 2 coal bed also pinches out over a short distance to the west along
the highwall. Additionally, erosion associated with conglomeratic deposits overlying
the rider 2 coal bed (fig. 3) has removed much of the coal, and this, coupled with
limited exposures, precludes an interpretation of its areal extent.

Where measured on the highwall, the coal bed incorporates numerous clay-
stone partings that make up about one third (cumulative thickness) of the coal bed.
There has been no significant production from this coal bed. Average ash yield (dry
basis) is about 26 percent, and total sulfur (dry, ash-free basis) ranges from less than
0.8 percent near the base of the coal bed to 0.3 percent in the upper parts of the
bed (Roberts and others, 1994).

Additional thin, dull-luster coal and carbonaceous shale beds are present in the
upper coal zone (fig. 3). In some places, the coal beds have burned on outcrop, and
overlying strata are baked to orange or reddish hues (fig. 3). More rarely, the
burned coal or overlying strata take on the appearance of scoria.

SUMMARY

Figure 5 is a generalized diagram showing the lithology along measured sec-
tions 1-12 (fig. 3). The lateral continuity of lithologic units is inferred and based on
correlations of similar lithology at generally equivalent stratigraphic intervals. In gen-
eral, the lower Fort Union Formation consists predominantly of sandstone in the
lower part and mudrock (coal-bearing) and stratigraphically equivalent conglomerate
in the upper part. The lower coal zone is best developed in the southeastern part of
the study area, and it consists primarily of thin beds of dull-luster coal and carbon-
aceous shale interbedded with mudrock and tabular sandstone. To the northwest,
stratigraphic intervals equivalent to much of the lower coal zone are characterized
by thick sandstone deposits. The upper coal zone, which consists primarily of
mudrock and interbedded thin to thick coal beds, overlies units of conglomerate or
conglomeratic sandstone in the northwestern and central parts of the study area.
Thick coal beds within the upper coal zone in and northwest of the Grass Creek
coal mine are equivalent to conglomerate exposed 8.5 mi to the southeast on Ilo
Ridge. Evidence strongly suggests intertonguing of the upper coal zone with con-
glomerate.
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