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ABSTRACT

The Upper Cretaceous Mesaverde Formation in the 
southern Piceance Creek Basin of western Colorado contains, 
by one estimate, 36 trillion cubic feet (1 trillion cubic 
meters) of natural gas in the form of coal bed methane. The 
intertonguing relationships of the coal-bearing rocks are 
complex. In order to explore successfully for coal bed 
methane, an accurate delineation of the stratigraphie 
framework of the Mesaverde Formation is necessary. Such a 
framework is presented here from a detailed study of 
outcrops, cores, and well logs. The outcrop study covers an 
8 mile-long (13 km) belt of exposures in the North Fork 
Valley between Hubbard Creek and Paonia Reservoir. Electric 
logs and cores provided the data necessary to project the 
results of the outcrop study northward into the subsurface 
area of high coal bed methane potential. Results indicate 
that the lower part of the coal-bearing Mesaverde Formation, 
the Bowie shale member, was formed in a wave-dominated lower 
delta plain setting. At the top of the member, areally 
extensive and stacked distributary channels show evidence of 
tidal influence in the form of herringbone cross-bedding and 
Qphiomorpha burrows.

The upper part of the coal-bearing Mesaverde Formation,
iii
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the Paonia shale member, contains rocks formed in an upper 
delta plain setting. The distributary channel sandstones 
are thinner and less extensive than those of the lower delta 
plain.

Paleogeographic reconstruction suggests that the 
deltaic shoreline prograded in an easterly direction. Coal 
beds up to 32 feet (10 m) thick are found in the lower part 
of the Bowie shale member. These thick coal beds are 
parallel to the paleoshoreline and extend 6 to 8 miles (10 
to 13 km) landward (west) before crevassing and overbank 
flooding created splits and pinch-outs in the coal beds. In 
the study area there are two thick coal zones in the lower 
Bowie shale member. These thick zones are aligned in a 
north-south trend. The combination of coal bed thickness in 
excess of 30 feet (9m), and a previously determined high 
coal bed methane potential using other criteria, indicates a 
prime area for coal bed methane.

Coal beds of the upper delta plain are 2 to 18 feet 
(0.6 to 5.5 m) thick and are not as areally extensive as the 
coal beds of the Bowie shale member. Consequently, 
exploration for coal bed methane should focus on the Bowie 
shale member in a north-trending belt 6 to 8 miles (10 to 13 
km) wide and shoreward (west) of seaward pinch-outs in thick 
coal beds.

iv
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INTRODUCTION

Location

The thesis study area is located in the southeastern 
part of the Piceance Creek Basin in western Colorado. The 
outcrop part of the study is located in northeastern Delta 
County and northwestern Gunnison County (fig. 1), about 140 
miles (225 km) southwest of Denver. The subsurface part of 
the study is in Townships 89 to 91 West and Ranges 9 to 13 
South. The area is proximate to long. 107°,30'W and lat. 
39°N. Access to the thesis area from the east is via 
Colorado State Highway 133 from Carbondale. On the west 
side of the thesis area access is by Colorado State Highway 
92 through Delta and Colorado State Highway 133 from 
Hotchkiss to Paonia, along the North Fork of the Gunnison 
River.

The southern boundary of the thesis area is defined 
by the outcrop of Mesaverde Formation along the North Fork 
of the Gunnison River. The southwestern corner of the 
thesis area is at Hubbard Creek located 5.5 miles (8.9 km) 
northeast of Paonia. The southeastern corner of the thesis 
area is at Paonia Reservoir. This line of outcrop at the 
southern end of the thesis area trends east and west and is
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Figure 1— Index map of Colorado showing the location of the 
thesis study area (modified from Collins, 1970).
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approximately 8 miles (12.9 km) long. The study area covers 
approximately 300 square miles (780 sq km) extending north 
from the outcrop belt into the basin. This area is within 
the previously determined area of high coal bed methane 
potential described by Choate, Jurich, and Saulnier (1984) 
and depicted in figure 2.

Vegetation on the south facing outcrop slopes is light 
to moderately dense. Trees consists mostly of scrub oak, 
juniper, and pinon pine. Ground cover is made up mostly of 
sparse grasses and sage brush. The major drainages flow 
south into the North Fork of the Gunnison River. From west 
to east they include Hubbard Creek, Bear Creek, Elk Creek, 
Sandborn Creek, Coal Gulch, Hawksnest Creek, and Cottonwood 
Creek. Only Hubbard and Bear Creeks are perennial. Along 
these north-trending drainages the vegetation is moderate to 
thick and includes spruce and ponderosa pine trees.
Colluvium and vegetation on the slopes cover most outcrops 
in these steep-sided drainages and on the higher slopes to 
the north of the North Fork Valley.

The topography of the area is quite precipitous with 
many sheer cliffs where thick sandstones outcrop. Elevations 
range from 5,900 feet (1,800 m) at the confluence of Hubbard 
Creek and the North Fork River to 11,800 feet (3,600 m) 
along Huntsman Ridge in northeastern Gunnison County. The 
total relief within the thesis area is 4,900 feet (1,500 m ) .
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Much of the surface ownership of the property in the 
thesis area is public and managed by the Bureau of Land 
Management or the U. S. Forest Service. Several measured 
sections are located on private land owned by Kaiser Coal 
Company and West Elk Coal Company. There have been many 
exploratory drill holes completed on the land just north of 
the outcrop area; most of these holes are located on the 
private land and therefore are not in the public record. 
Federal coal leases to the north and adjacent to the Kaiser 
Coal Company Property, which embodies the Somerset Mine, 
were recently relinquished and the core descriptions of 
holes located on those Federal leases came into the public 
domain. Three of those descriptions are incorporated into 
this thesis. The remainder of the subsurface data, with the 
exception of three Amoco cores from wells drilled for coal 
bed methane, is from petroleum well logs in the public 
domain.

Purpose

The primary purpose of this thesis is to describe 
in detail the stratigraphy of the outcropping, coal-bearing 
part of the Mesaverde Formation, to interpret associated 
environments of deposition, and then to determine these same
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facies from subsurface well logs. The research is divided 
into two parts; the first part is the outcrop study, and the 
second part is the subsurface study.

The second part commences at the outcrop and proceeds 
north into the Piceance Creek Basin. The stratigraphie 
interval covered in the subsurface encompasses a zone of 
high coal bed methane potential as outlined by Choate, 
Jurich, and Saulnier (1984). In the southern Piceance Creek 
Basin, the coal bed methane resource has been estimated to 
be 36 trillion cubic feet (Choate, Jurich, and Saulnier, 
1984).

The end products of the thesis study presented here are 
a detailed stratigraphie description of the exposed outcrop 
area, a lithostratigraphic correlation of the measured 
outcrop and cored sections (plate 1), and 3 plates showing 
subsurface correlations between well logs and core 
descriptions (plates 3,4,and 5).

In addition, two diagrams are presented showing the 
interpreted paleogeography of the area during late Campanian 
time and, finally, a model for coal bed methane exploration 
in the southeast Piceance Creek Basin is proposed which 
shows the areas of thickest coal accumulation.
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Scope

Within the study area, the coal-bearing part of the 
Mesaverde Formation is divided into two informal units (Lee, 
1912). The basal unit is named the Bowie shale member. 
Overlying this unit is the Paonia shale member. A third 
unit, called the barren member, informally named for its 
lack of economic coal beds, overlies the Paonia shale 
member.

The detailed stratigraphie study commenced at the base 
of the Bowie shale member, which lies on top of the Rollins 
Sandstone Member (fig. 3), and continued through the 
overlying Paonia shale member. The stratigraphie interval 
studied is approximately 500 feet (150 m) in thickness.

In the subsurface part of the thesis study, 19 
geophysical well logs scattered over approximately 300 
square miles (780 sq km) were used to determine the 
lithofacies and reconstruct the paleogeography of the coal- 
producing environment. Where it was feasible, these 
correlated log cross sections were tied into measured 
sections or core descriptions.
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Previous Investigations

Previous work in and around the thesis study area has 
included both general reconnaissance studies and more 
detailed reports. One of the earliest of these was by Lee 
(1912) who carried out pioneering work in the Paonia and 
Somerset coal fields when he surveyed the stratigraphy and 
coal geology from the Grand Mesa field to the Crested Butte 
field. In his general correlation work he divided the rocks 
above the Rollins Sandstone into three units, namely the 
Bowie shale member, Paonia shale member, and barren member 
of the Mesaverde Formation.

Johnson (1948) surveyed the coal deposits of the North 
Fork Valley and subdivided the Mesaverde Formation into a 
lower member, an upper member, and a barren member. He used 
the top of a relatively thick unnamed sandstone lying 
approximately 300 feet above the Rollins Sandstone as the 
top of the lower member. This sandstone is named the middle 
sandstone after a similar unit described by Hanks (1962) in 
the Ragged-Chair Mountain area 11 miles (18 km) to the 
northeast of the North Fork Valley. The boundary between 
the upper member and the barren member was placed by Johnson 
(1948) at the top of an unnamed thick sandstone above the 
"F" or Hawksnest coal bed. The "F" bed, the highest 
stratigraphically, is considered the youngest economical
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coal bed in the area. Johnson (1948) described the coal 
geology in the Mesaverde Formation using 27 measured outcrop 
sections and core holes in the Paonia area.

More recent work in the area of the southern Piceance 
Creek Basin has been completed by Colorado School of Mines 
students as Master of Science theses. Collins (1970) 
described the stratigraphy of the Mesaverde Group and 
interpreted its environments of deposition. Unlike Young's 
(1957) model of coastal plain deposition with no deltas, 
Collins (1970) proposed a deltaic origin for the Mesaverde 
Group. His study area covered Coal Basin which is 10-15 
miles north-northeast of the Mesaverde Formation outcrop 
along the North Fork Valley.

Wellborn (1982) described the rocks in a stratigraphie 
study of the Mesaverde Formation in an area immediately 
south of the town of Somerset and adjacent to the southern 
boundary of this study area. Wellborn interpreted the 
depositional environments of the Mesaverde Formation and 
found more evidence to support the deltaic interpretation of 
Collins. Part of Wellborn's evidence included the presence 
of a thick sandstone interval within the Bowie shale member. 
Wellborn named this sandstone the Mt Gunnison distributary 
channel system. Boreck (1983), in a study of roof rock 
properties, analyzed depositional environments of coal and 
overlying beds found at the Hawksnest coal property, located
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along part of the southern boundary of this study area.
Ellis and others (1987) compiled a geologic map of the 

Paonia and Gunnison area at 1:100,000 scale. In their work 
the Mesaverde Group is divided, from oldest to youngest, 
into the Rollins Sandstone Member, coal-bearing member, 
barren member, and the Ohio Creek Member. Dunrud (1989a, 
1989b) authored two coal investigation maps at 1:50,000 
scale. One map is of an area located around the town of 
Cedaredge which is west of the thesis area. The other map, 
titled "Geologic Map and Coal Stratigraphie Framework of the 
Paonia Area, Delta and Gunnison Counties, Colorado", is in 
this thesis area. Included in the map are several log cross 
sections of the coal-bearing rocks of the Mesaverde 
Formation which show the general stratigraphie framework.

While previous studies have focused on stratigraphy and 
coal geology, this thesis study is the first in the southern 
Piceance Creek Basin that combines outcrop data with 
subsurface data on coal-bearing rocks which have a high 
methane resource potential. The results are the basis for a 
predictive model of coal bed distribution based on 
lithologie and paleogeographic indicators of the 
depositional environments.
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Stratigraphie Nomenclature

Many previous workers in the southeast Piceance Creek 
Basin have used different names for the diachronous coal- 
bearing deposits within the Mesaverde Formation. As 
mentioned previously, Lee (1912) published the first 
description of rocks in the area and assigned the name 
Mesaverde Formation to the interval beginning at the Rollins 
Sandstone and ending at the Ohio Creek Conglomerate. He 
divided the coal-bearing section, in ascending order, into 
the Bowie shale member, the Paonia shale member and the 
barren member. A chart showing the various later authors' 
nomenclature used for the Mesaverde rocks in the southern 
and eastern Piceance Creek Basin is illustrated in figure 4. 
Priority of nomenclature dictates that the rocks assigned to 
the Mesaverde Formation in the thesis area be divided 
according to Lee (1912). In addition, the Bowie shale 
member, Paonia shale member and barren member are distinct 
mappable units throughout the southeastern Piceance Creek 
Basin (Hanks, 1962; Collins, 1970). Therefore, for the 
purpose of this study, the interval between the top of the 
Rollins Sandstone Member and the top of the sandstone that 
Hanks (1962) called the middle sandstone and Wellborn (1982) 
called the Mt Gunnison distributary channel sandstone is 
named the Bowie shale member. The rocks above the middle
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N\

Figure 4— Nomenclature used by various authors for the
Upper Cretaceous rocks in the southern and eastern 
Piceance Creek Basin (modified from Ellis and 
Kelso, 1987).
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sandstone and below the top of the F bed are called the 
Paonia shale member. The interval between the top of the F 
bed and the Ohio Creek Conglomerate is named the barren 
member.
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GEOLOGIC SETTING

The sediments which make up the Mesaverde Formation are 
the results of a prograding clastic wedge that originated 
from the erosion of the Sevier Orogenic belt in central Utah 
(Spieker, 1949). These sediments were deposited along the 
western edge of, and within, the epeiric Cretaceous sea. As 
the depositional basin was filled, the sediments prograded 
from west to the east. Continued downwarping of the basin 
allowed increasing accommodation space for accumulation of 
upper coastal plain and piedmont deposits. Thus, the 
interfingering of marine mudstones and sandstones resulted 
in a stratigraphie rise of the transitional lithologie 
boundary of the Mesaverde Formation and Mancos Shale. The 
boundary is younger from west to east (Young, 1982).

Regional Stratigraphy

Because of the intertonguing nature of the transitional 
zone between the Mancos Shale of marine origin and the 
marine-nonmarine Mesaverde Formation, several discreet 
sandstone units have been named. In the study area, the 
Cozzette Sandstone Member of the Mancos Shale is the latest 
complete cyclic pulse of transitional sandstone facies
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(Murray and others, 1977). Separated from the Cozzette 
Sandstone by a tongue of Mancos Shale, the overlying Rollins 
Sandstone represents a progradational sheet sandstone and 
the beginning of nonmarine deposition within the thesis 
area.

To the north of the thesis area the sequence of 
interfingering sandstones and shales, beginning in the 
western Piceance Creek Basin with the Sego Sandstone and 
ending at the top of the Rollins Sandstone, is named the 
lies Formation. As the marine rocks become more dominant 
towards the study area, the lies Formation becomes 
progressively finer grained. In the northern part of the 
basin, in the White River area, nonmarine sandstones, 
shales, and commercial coal deposits are found within the 
lies Formation. As the formation is followed southward, 
however, the coals become thinner and more marine rocks 
appear (Collins, 1976). Collins noted that the southernmost 
minable coal in the lies Formation occurs at Harvey Gap, and 
the last coal bed occurs just 12 miles (19 km) to the 
southeast at New Castle.

In the thesis area the southward thinning lies 
Formation is finally reduced to the Rollins Sandstone, the 
intertonguing Mancos Shale, and perhaps the Cozzette 
Sandstone at the southeastern boundary of the Piceance Creek 
Basin along the North Fork Valley. It is unlikely, however,
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that the Cozzette Sandstone is present at the eastern end of 
the thesis area. This assumption is based on the overall 
east-southeast thinning trend of the sandstone. At its 
easternmost outcrop near Dry Creek, 6 miles (9.7 km) east of 
Cedaredge and 19 miles (31 km) west of Somerset, the 
Cozzette is just a few feet thick where it has thinned from 
over 35 feet (11 m) thick 10 miles (16 km) to the west of 
Dry Creek (Dunrud, 1989a). Therefore, for the sake of 
simplicity, in this study the name lies Formation is not 
used. Rocks immediately below the nonmarine, coal-bearing 
Mesaverde Formation are named Rollins Sandstone Member of 
the Mesaverde Formation and those underlying the Rollins are 
named Mancos Shale.

The Rollins Sandstone, which Collins (1976) interpreted 
as a prograding bar-beach-delta front sand complex, is an 
important marker horizon throughout the central, southern, 
and eastern Piceance Creek Basin because it is universally 
overlain by the foremost coal-bearing zone of the Mesaverde 
Formation. Warner (1964) traced the Rollins Sandstone 
across the southern Piceance Creek Basin using electric 
logs. He considered the Rollins Sandstone to be the 
lithogenetic equivalent of the Trout Creek Sandstone Member 
of the lies Formation on the eastern side of the basin. 
Warner (1964) elaborated by stating "the name Rollins is 
used as far north as New Castle, and the name Trout Creek is
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used from New Castle north along the Grand Hogback." Madden 
(1985, 1989) has shown, by detailed mapping along the Grand 
Hogback, that the Trout Creek Sandstone has been 
miscorrelated with the Rollins Sandstone at New Castle (fig. 
4). Field mapping has shown the two units to be separated 
by 310-450 feet (94.5-137 m); the Trout Creek of Rifle Gap 
lies above the Rollins Sandstone of New Castle.

Lying above the Rollins Sandstone, the coal-bearing 
part of the Mesaverde Formation is predominantly nonmarine. 
As mentioned previously, the Mesaverde Formation is divided, 
in ascending order, into the Bowie shale member which 
includes the middle sandstone at the top, the Paonia shale 
member, barren member, and the Ohio Creek Member. Both the 
Bowie shale member and Paonia shale member consist of 
sandstones, siltstones, mudstones, claystones, and shales 
with minor fresh to brackish water limestones and coals of 
varying quality and thickness. The barren member is 
predominately sandstone and interbedded shale with very 
little coal.

The thickness of the Mesaverde Formation is variable, 
ranging from 2,000 feet (610 m) in the Somerset area 
(Johnson, 1948) to 3,500 feet (910 m) at Coal Basin 
(Collins, 1976), on the northeast edge of the study area, to 
5,155 feet (1,570 m) at Piceance Gap (Warner, 1964).
Collins (1976) stated that the variations in thickness are
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due to the pinching out of marine shale tongues within the 
lower part of the formation from north to south. Johnson 
(1948) had suggested that the southward thinning is due to 
post depositional tilting and subsequent erosion. Erosional 
thinning of the Mesaverde Formation occurs within the barren 
member and is therefore not addressed in this study.

Structure

The present Piceance Creek Basin setting is the result 
of surrounding Laramide uplifts and intrusive and volcanic 
activity. The basin is bounded on the southwest by the 
Uncompahgre Uplift. On the south end of the basin, the rim 
is formed by the Gunnison Uplift and West Elk volcanic field 
which have created an area of bounding highlands. The east 
and north sides of the basin are bounded by the White River 
Uplift and the Uinta Mountains respectively (fig. 5).

The basin is one of the largest and deepest in the 
Rocky Mountain region. The perimeter of the basin is 
generally defined as the outcropping contact of the 
Mesaverde Formation and the Mancos Shale. The steep eastern 
side, along the Grand Hogback, gives the basin a pronounced 
asymmetrical shape with the axis oriented roughly 
northwest-southeast. There is a total of 27,000 feet (8,230
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m) of structural relief in the basin, measured from the top 
of the Precambrian near Rio Blanco to the top of the White 
River Uplift to the east (Murray and others, 1977).

The steeply dipping Grand Hogback monocline 
incorporates most of the structural relief with 25,000 feet 
(7,620 m) of early Paleozoic to Eocene strata cropping out 
along its 90 mile (145 km) length. The western, southern, 
and northern sides of the basin have much gentler dips.

In the thesis area the beds dip 3 to 5 degrees to the 
northeast. On the east side of the thesis area there is a 
northwest plunging syncline at the Rollins Sandstone horizon 
(Dunrud, 1989b). There are several steeply dipping west- 
northwest trending faults 1/2 to 1 mile (0.8-1.6 km) north 
of Somerset (Dunrud, 1976). These faults have several feet 
of stratigraphie separation and offset the coal beds in the 
Somerset mine (Dunrud, 1976). The Rollins Sandstone is 
faulted at Coal Gulch and Cottonwood Creek by north trending 
faults with less than 25 feet (8m) of throw (Ellis and 
others, 1987). According to Collins (1976), structural 
deformation of the basin took place during late Eocene to 
middle Miocene time.
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METHODS OF INVESTIGATION

Topographic maps used for the outcrop study include 
three 1:24,000 scale 7.5 minute quadrangle maps. The 
quadrangles used were the Bowie, Somerset, and Paonia 
Reservoir. Also, two USGS coal investigations maps were 
used. They are titled "Geologic Map of the Paonia and 
Gunnison Area, Delta and Gunnison Counties Colorado" (Ellis, 
Gaskill, and Dunrud, 1987), and "Geologic map and Cross 
Sections of the Carbondale 30 x 60 minute Quadrangle, West- 
Central Colorado" (Ellis and Freeman, 1984), both at 
1:100,000 scale.

Field Investigation

The field investigation took place in August, 1988, and 
began with a reconnaissance of the North Fork Valley between 
Hubbard Creek and Paonia Reservoir. Good exposures were 
identified at ten locations, but no single outcrop exposure 
would allow the entire 500 feet (150 m) of section to be 
studied at one location. Many of the measured sections 
consist primarily of sandstone outcrops. Most of the coal 
is burned at the outcrop and the interbedded shales are 
covered by slope debris.
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Exposed intervals were measured using a Jacob staff and 
Brunton compass. No correction was necessary for dip since 
the regional dip is less than 4 degrees to the north- 
northeast. Part of the methodology involved noting spatial 
relationships of lithologie units along the outcrop belt 
east and west of Somerset (plate 1). A detailed description 
of the various rock units included their gross size and 
shape, grain size, mineral composition, internal bedform 
structures, types of contacts, and the fossils present.
Some cross-bedding dip directions were also recorded where 
it was feasible to get reliable readings. Access to 
measured sections 5 and 6 was provided by employees of 
Kaiser Coal Company, and access to measured section 9 was 
provided by ARCO Coal Company (plate 1). A detailed 
description of the 10 measured sections can be found in 
Appendix A.

At measured sections 1 and 5 the top of the Rollins 
Sandstone is the lower boundary of the measured section.
The strata of the Mesaverde Formation dip in a northeasterly 
direction along the North Fork Valley. By moving east along 
the outcrop, exposed rocks higher in the stratigraphie 
section were measured.



T-3743 24

Subsurface Investigation

The primary subsurface data are in the form of 
geophysical well logs from 19 oil and gas exploration drill 
holes. Three of the wells were cored in part and these 
cores were examined to determined lithology, sedimentary 
structures, and fossils (see Appendix B for core 
descriptions). The cores were also used to calibrate the 
geophysical well logs. The logs consist of porosity and 
lithology logs. The porosity logs are density, neutron, 
sonic, and resistivity recordings. The lithology logs are 
in the form of gamma ray and spontaneous potential logs. In 
all cases the detailed 40 ft./in. log scale was used. 
Lithology determined from the logs was cross checked with 
the cores. Based on curve characteristics such as "fining 
upward" and "sharp or gradation contacts", in addition to 
lithology, facies were matched to those determined from the 
outcrop and core study.

The well log characteristics used in this study for 
lithology determinations have been documented in other coal- 
bearing strata by several workers. For example, Davis 
(1977) explained the responses of different logging tools to 
coal beds in the bore hole. The well log responses for coal 
in the thesis area correspond to those effects noted by 
Davis (1977) for bituminous coal. Siemers (1978), using
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detailed core study and well logs, established a cross-plot 
relationship between density/resistance values and lithology 
in coal-bearing rocks of the Menefee Formation (Mesaverde 
Group). The results of cross plotting density and 
resistivity from well logs in this thesis study are in close 
agreement with the lithology results of Siemers (1978). 
Saxena (1982) developed recognition criteria, depositional 
models, and ideal vertical sequences for the subsurface 
recognition of various deltaic depositional features. Log 
signatures such as fining upward (gamma ray shift to the 
right), coarsening upward (gamma ray shift to the left), and 
numerous, thin shifts to the left and right were compared to 
deltaic depositional environments and a predictive model was 
presented. The idealized well log signatures of 
depositional environments (Saxena 1982), and well log 
lithologie characterizations (Davis, 1977; Siemers, 1978) 
were used in this thesis study to help interpret 
depositional environments from well logs.

Other subsurface information was obtained from core 
description logs. Two sources were used. One was from 
Toenges and others (1952) and the other was from coal mine 
exploration holes drilled by United States Steel, the former 
owner of the Somerset Mine. A total of four of these core 
logs was used in the thesis study to interpret depositional 
environments. They have been incorporated in both the



T - 3 7 4 3 26

m e a s u r e d   s e c t i o n   p l a t e   ( p l a t e   1)   a n d   i n   o n e   of   t h e   w e l l   l o g  

c r o s s   s e c t i o n s   ( p l a t e   3).



T-3743 27

RESULTS

Stratigraphy of the Mesaverde Formation

The following detailed description of the Mesaverde 
Formation is based on outcrop and core observations, 
published and unpublished core descriptions, and well log 
analysis. The measured sections cover various intervals of 
the Mesaverde Formation between the Rollins Sandstone and 
the barren member. Ten measured sections were described 
along the outcrop belt between Hubbard Creek and just east 
of the Hawksnest Mine (plate 1). Described core data came 
from three United States Steel (USS) core holes and one 
United States Bureau of Mines (USBM) test hole. Core 
descriptions were produced by the author on three slabbed 
cores provided by Amoco Production Company (Appendix B).

In order to depict the data from a variety of sources 
in a comprehensive manner, a lithostratigraphic cross 
section was constructed representing a west to east section 
of the Mesaverde Formation along the North Fork Valley 
(plate 1). The section roughly parallels depositional dip 
of the Mesaverde Formation rocks during late Campanian time. 
In addition, three well log cross sections were constructed 
to illustrate the stratigraphie framework of the coals and
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associated rocks to the north of the outcrop belt (plate 3,4 
and 5). Well log cross section C-C1 (plate 5) is tied into
the generalized stratigraphie section from Collins (1970) at 
Coal Basin. Well log cross section A-A• (plate 3) is tied 
at the west end with USS core hole G-l and at the east end 
with USBM core hole 24-7.

Locations of measured sections and core holes used in 
plate 1 are shown on a map on plate 1. The well log and 
cross section locations are shown on plate 2. Cross 
sections A-A1 and C - C  are oriented west-east and parallel 
to depositional dip. Cross section B-B1 (plate 4) is a 
north-south section parallel to deposition strike. The 
north-south cross section, B-B1, extends the interpreted 
stratigraphie framework of the Mesaverde Formation 21 miles 
(34 km) north of Somerset to within the area of high coal 
bed methane potential (Choate, Jurich, and Saulnier, 1984). 
West-east cross section C - C  ties B-B1 into Coal Basin.

Mancos Shale

The Mancos Shale is the oldest exposed formation in the 
study area. As reported by numerous workers in the area and 
observed by the author, the Mancos Shale is composed of gray 
calcareous shale with sandy or carbonaceous intervals. The
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total thickness of the Mancos Shale is close to 5,000 feet 
(1,500 m) (Young, 1982). In the southern Piceance Creek 
Basin and the general vicinity of the study area the 
uniformity of the shale is interrupted by two distinct 
sandstone intervals. In ascending order they are the 
Corcoran and Cozzette Sandstones Members. These two 
sandstone members, which are not exposed at the surface 
within the thesis area, are separated by a westward 
projecting tongue of silty Mancos Shale 250 feet (76 m) 
thick (Hanks, 1962). The Cozzette Sandstone is 90 feet (27 
m) thick and 570 feet (174 m) below the Rollins Sandstone. 
The Corcoran Sandstone is 130 feet (40 m) thick and is 800 
feet (244 m) below the Rollins (Warner, 1964).

Above the Cozzette Sandstone the Mancos Shale grades 
upward into the Rollins Sandstone. At this point the Mancos 
Shale becomes coarser and is composed of thin discontinuous 
silty sandstone which is heavily bioturbated. The sandstone 
intervals become thicker and more continuous upward as the 
transitional zone of the Mancos Shale gives way to Rollins 
Sandstone (fig. 6).

Rollins Sandstone

The Rollins Sandstone is named for the Rollins Mine
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north of the town of Delta. In the study area and 
throughout the southern Piceance Creek Basin it is a 
conspicuous cliff-forming tan colored sandstone 100 to 250 
feet (30-76 m) thick (Wellborn, 1982). It is usually capped 
by 5 to 20 feet (1.5-6.1 m) of bleached white sandstone 
(fig. 6). The Rollins Sandstone Member is composed of 
medium grained, quartzitic sand with locally lithic or 
feldspathic intervals. In most places the sandstone is 
cemented with calcite and has up to 35% matrix clay 
(Collins, 1970). There is abundant coalified plant material 
in fresh rock samples taken from the uppermost part 
(Collins, 1970).

There are several benches or subunits of sandstone 
comprising the Rollins Sandstone. Wellborn (1982) 
recognized three distinctly weathering units separated by 
thin shaley intervals. In this study, the Rollins appears 
in well logs to range between 90 and 180 feet (27 and 55 m) 
thick with several shale breaks within the sandstone, 
especially in the thicker intervals. In Coal Basin, Collins 
(1970) recognized two intervals of sandstone within the 
Rollins separated by 5 to 30 feet (1.5-9.1 m) of shale which 
he called a tongue of Mancos because it bears all the 
characteristics of the upper Mancos Shale.

At Bear Creek, along the North Fork Valley, there are 
three cliff-forming intervals of sandstone stacked upon one
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another which Wellborn (1982) had assigned to the Rollins. 
The uppermost of these intervals pinches out into shales of 
the lower part of the Bowie shale member directly to the 
east of Bear Creek (fig. 7). Two benches or subunits of 
Rollins are present at the southeastern part of the study 
area at Hawksnest coal mine (Boreck, 1983). At this 
location the number two or middle bench of Wellborn (1982) 
is partially eroded out by a sandstone with similar 
mineralogy to the Rollins but with a fining upward grain 
size distribution (Boreck, 1983). The upper bench of 
Rollins does not contain any trace fossils but does contain 
an abundance of carbonaceous debris. In well log cross 
section B-B1 (plate 4) the thickness of the sandstone 
interval assigned to the Rollins Sandstone varies between 90 
feet (27 m) thick at Federal 30-4 and 150 feet (46 m) thick 
at Federal 16-4 over a distance of 3 miles (4.8 km).
Similar variations in the thickness of the Rollins Sandstone 
exist throughout the study area.

Previous workers have found Ophiomorpha burrows in the 
lower part of the Rollins. As observed by Maberry (1971) in 
the Blackhawk Formation of eastern Utah, the largest and 
most abundant Ophiomorpha are generally found in zones of 
better sand sorting. This is also true in the Rollins 
Sandstone. In addition, locally low angle to tabular cross 
stratification, ironstone concretions, and fragments of
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fossilized Ostea and Inoceramus shells are present.

Bowie shale member

The Bowie shale member is named after the now defunct 
mining village of Bowie in Delta County at the western edge 
of the study area (plate 2). The member lies directly over 
the Rollins Sandstone. The thickness ranges from 330 feet 
(100 m) in the western part of the study area to 260 feet 
(79 m) at the eastern limit of the study area. The rocks 
consist of coal, fine grained sandstone, siltstone and 
shale. The contact with the underlying Rollins Sandstone is 
generally lithologically distinct; however, there is no rock 
type within the Bowie shale member that is commonly in 
contact with the Rollins Sandstone. For instance, at the 
western edge of the study area 4 feet (1.2 m) of coal, 
locally named the "A" or "Old King" bed, directly overlies 
the Rollins Sandstone. This coal is replaced by a 
carbonaceous shale for some distance east. The carbonaceous 
shale in turn is replaced by fine grained carbonaceous 
sandstone with coaly streaks at the eastern edge of the 
study area (plate 1).

Above the initial Bowie shale member contact with the 
Rollins there is an interval of dark gray carbonaceous shale
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averaging 10 to 30 feet (3-9 m) thick. Fossils found in 
this interval are Corbicula and Ostrea (Wellborn, 1982). 
Several core logs, made by Geneva Steel, the former operator 
of the Somerset Mine, have also noted a black carbonaceous 
shale 10 feet (3 m) above the Rollins Sandstone which is 
highly fossiliferous with oyster shells. There is also 
abundant bioturbation in some of the thin sandstones which 
are interbedded with carbonaceous ripple laminated 
siltstones. The siltstones are often mottled and 
convoluted.

Lying above the interval of shale is the principal coal 
zone, the "B" or Somerset zone. At the western end of the 
study area the zone has an aggregate thickness of 30 feet (9 
m). At this end, the coal is split into three separate 
beds. The lowermost bed is 5 feet (1.5 m) thick and is 
overlain by shaly banded light and dark gray sandstone 3 
feet thick (1 m). This is followed by the middle bed which 
is 7 feet (2.1 m) thick and topped by 4 feet (1.2 m) of 
sandy carbonaceous shale. The uppermost coal bed of the B 
zone is 18 feet (5.5 m) thick and is overlain by 7 feet (2.1 
m) of carbonaceous shale (plate 1). The lower two splits in 
the B coal zone join to form one bed 7 feet (2.1 m) thick 
and the uppermost and thickest component of the B zone 
thickens eastward to a maximum of 23 feet (7 m) thick at 
Bear Creek. This coal bed thins to 1.5 feet (0.5 m) at USBM
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24-7 test core located In section 7, Township 13 S., Range 
89 W. at the eastern edge of the study area (Toenges and 
others, 1952). The interval between the top of the Rollins 
Sandstone and the top of the uppermost B coal bed is 135 
feet (41 m) thick at the western end of the thesis area.
The same interval thins to 4 feet (1.2 m) at the eastern 
side of the thesis area. As the Rollins Sandstone climbs 
stratigraphically from west to east the A zone is supplanted 
along with the carbonaceous and fossiliferous shale by 
sandstone of the Rollins. At the eastern end of the study 
area nearly all the coal of the B zone pinches out (plate 
1) •

Immediately above the B coal zone at the eastern end of 
the study area, there is an interval 75 feet (23 m) thick 
which consists of medium grained Ophiomorpha-bearing 
sandstone. The Ophiomorpha zone is 7 feet (2.1 m) thick and 
between 13 and 20 feet (4-6 m) from the bottom of the 
sandstone (Toenges and others, 1952). The bottom 3 feet 
(0.9 m) of this sandstone has abundant shale partings. This 
sandstone abruptly grades westward into coal, carbonaceous 
siltstone, and shale.

The stratigraphie equivalent of the 75 feet (23 m) of 
sandstone at the eastern end of the study area resembles the 
carbonaceous shale, siltstone, and shell coquina of the 
interval below the B zone. Included in the very fine
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grained, fining upward sandstone and siltstone of this part 
are unidentified burrows (fig. 8). These thin, silty fine 
grained sandstones also show convoluted bedding structures 
and sideritic material along erosional surfaces (fig. 9). 
There are several unnamed coal lenses in this interval which 
may be splits of the upper B bed. They interfinger with 
stringers of sandstone from the thick 75 foot (23 m) 
Ophiomorpha-bearing sandstone. These coals are 
discontinuous lenses that do not extend west of Coal Gulch 
(plate 1).

The C or Bear coal zone lies above the predominantly 
carbonaceous, shaly, and coquina-bearing interval. The C 
bed ranges in thickness from 6 to 9 feet (1.8-2.7 m ) . The 
bed has been cut out by the top part of the 75 feet (23 m) 
of sandstone, or was never deposited at the eastern end of 
the study area. Between Bear Creek and Elk Creek the bed is 
split by dark gray banded and mottled siltstone and shale.
At the western end of the study area there is an unnamed 
coal bed 1.5 feet (0.5 m) thick lying 15 feet (4.6 m) above 
the C bed and separated from it by dark gray to black 
carbonaceous shale with 1/4 inch (6 mm) coal bands.
Eastward, this unnamed bed is cut out by the massive 
sandstone which overlies the C bed.
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Middle sandstone unit of the Bowie shale member

At the top of the Bowie shale member lies the middle 
sandstone which Lee (1912) also defined as the top of the 
Bowie shale member. Hanks (1962) and Collins (1970) labeled 
this unit as the middle sandstone of the Bowie shale member. 
Wellborn (1982) named this interval the Mt. Gunnison 
distributary channel system. This mostly massive sandstone 
is 175 feet (53 m) thick in the south-central part of the 
study area where it outcrops at Elk Creek (fig. 10). The 
sandstone is medium to fine grained, tan to buff colored in 
outcrop and cemented with calcite and authigenic clay. It 
thins considerably to 51 and 62 feet (16-19 m), to the east 
and west of Elk Creek, respectively. It is divided into 
several subunits by intervals 5 to 10 feet (1.5-3 m) thick 
consisting of very thin coal, gray carbonaceous claystone 
and silty red and crumbly paleosols (fig. 11). The lower 
parts of these individual subunits of the middle sandstone 
often contain trough cross stratification, locally abundant 
clay rip-up pebbles, and "coffee ground" coaly debris. 
Qphiomorpha burrows were found 20 to 40 feet (6-12 m) above 
the base of the sandstone at measured sections 3,5,9, and 10 
(plate 1). These burrows are smaller, fewer in number, and 
restricted to a thinner interval of sandstone than the 
Qphiomorpha observed in the Rollins Sandstone. Herringbone
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cross-bedding was observed at several measured sections 8 to 
10 feet (2.4 to 3.0 m) above the Qphiomorpha zone (fig. 12).

Beginning between measured sections 6 and 7 and 
progressing eastward past measured section 10, the base of 
the middle sandstone is in sharp contact with thin bedded 
siltstone intercalated with gray shale (plate 1). The 
interbedded siltstones become increasingly thicker and 
coarser grained upward. The gray shale partings become 
thinner and grade into sandy siltstones from bottom to top. 
The silty sandstones are starvation rippled and the ripples 
have undulating crests. The bottoms of the silty, thin 
sandstones have abundant Thalassinoides trace fossils along 
with Cylindrichnus burrows (fig. 13). The rippled tops have 
bilobate feeding tracks, scattered small vertical burrows 
and disarticulated bivalve fossils of Cardium speciosum 
(Meek and Hayden) and possibly Melania insculpta (Meek)
(fig. 14). In contrast, the middle sandstone overlies coaly 
and carbonaceous siltstone with a sharp contact at measured 
section 6 (fig. 15). The underlying rocks are also composed 
of gray claystone and scattered reddish concretions 6 to 8 
inches (15-20 cm) in diameter.

The upper part of the middle sandstone is devoid of 
fossils. The bedding structure is mostly massive with 
scattered planar tabular cross-bedding. Shaly siltstone 
partings 6 to 24 inches (15-61 cm) thick become more
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numerous towards the top of the sandstone. The top of the 
middle sandstone is the upper stratigraphie boundary of the 
Bowie shale member.

Paonia shale member

The top of the middle sandstone is the lower 
stratigraphie boundary of the Paonia shale member. The 
member is approximately 180 to 270 feet (55-82 m) thick 
along the North Fork Valley. In the Somerset coal field 
there are two economically important coal zones within the 
Paonia shale member. They are named the "O" or Oliver bed 
and the "F" or Hawksnest bed. The defunct Blue Ribbon mine 
at Hubbard Creek was thought to be mining the E bed which 
lies between the D and F coal zones, however Collins (1989) 
stated that the mine was actually extracting coal from the F 
bed equivalent of other localities. The E bed in this study 
area is much thinner and does not extend to the east and 
west of the study area.

At the bottom of the Paonia shale member lies the "D" 
or Oliver coal zone. Underlying the zone, the middle 
sandstone of the Bowie shale member coarsens upward for 30 
feet (9.1 m). At Elk Creek the D coal bed is 12.8 feet (3.9
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m) thick. The D bed thins to 3 feet (0.9 m) at Minnesota 
Creek 5 miles (8 km) to the south (plate 2) (Johnson, 1948). 
Overlying the D coal zone there is a 50 to 120 foot (15-37 
m) interval of lenticular fine to medium-grained sandstones 
with plane to trough cross-bedding. These scour-based 
sandstones are interbedded with gray mudstone, carbonaceous 
shale and thin coals. At measured section 4 there is 4 feet 
(1.2 m) of tan to buff, very fine-grained sandstone with 
ripple laminations and shaly partings. The sandstone has a 
sharp erosional base and overlies a gray to brown siltstone 
which grades downward into carbonaceous shale and then the D 
bed coal. Most of the interval between the D and E beds is 
composed of 1 to 8 feet (0.3-2.4 m) thick sandstone units 
which are lenticular in cross sectional view. These 
sandstones are commonly sharp based, have trough cross
bedding near the basal part and shale partings 1 inch to 4 
inches (2.5-10.2 cm) thick along with planar bedding at the 
top part. Interbedded with the lenticular sandstones of the 
Paonia shale member are ripple laminated clayey siltstones 
and carbonaceous shales. Many of the 1 to 2 feet (0.3-0.6 
m) thick siltstones have nodular ironstone concretions and 
carbonized plant fragments. Along the outcrop at measured 
section 4, a section of interbedded shale and siltstone 
coalesces into a single siltstone unit along a horizontal 
distance of 150 feet (46 m).
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Approximately 60 feet (18 m) above the D bed, the E or 
"Wild" coal bed is present at the southwestern part of the 
study area. The interval between the D and E beds thickens 
to 120 feet (37 m) at the southeastern part of the study 
area. The E bed is generally less than 5 feet (1.5 m) 
thick, however, Boreck (1983) noted that the bed is 20 feet 
(6.1 m) thick on parts of the Hawksnest property. To the 
south of the North Fork Valley, in the vicinity of Minnesota 
Creek, the E bed is 14 to 16 feet (4.3-4.9 m) thick 
(Johnson, 1948). Based on vertical intervals, stratigraphy, 
general uniformity of thickness, and continuity, Johnson 
(1948) concluded that the E bed in the area south of the 
North Fork Valley correlated to the D bed of the Oliver mine 
in the southern part of this study area. At Hubbard Creek 
the correlated equivalent of the E bed thins out and is not 
present. The Blue Ribbon mine at Hubbard Creek mined a bed 
of coal that averages 6 feet (1.8 m) thick (Daub, 1982). As 
mentioned above, Collins (1989) stated that the Blue Ribbon 
mine was probably mining the F or "Hawksnest" bed. He based 
his hypothesis on the observation that the ash remains of 
burned "E" bed coal from the Blue Ribbon mine has the same 
peculiar reddish color as the ash from coal burned from the 
F bed of other localities.

The stratigraphically highest economic coal in the 
southern part of the thesis area is the F bed. In the
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southern part of the study area the F bed is 7 feet (2.1 m) 
thick. At the Hawksnest property in the southeast part of 
the study area the bed is 4 to 10 feet (1.2-3.1 m) thick 
with a "rider" coal 1 to 3.5 feet (1.1 m) thick (Boreck,
1983). It is an average of 95 feet (29 m) above the E bed. 
The F bed is separated from the E bed by medium to fine
grained sandstone intervals which have trough cross-bedding 
and sharp scoured bases. The sandstones are from 5 to 20 
feet (1.5 to 6.1 m) thick. Many of the interbedded shales 
and siltstones have nodular concretions at their tops. Fine 
grained sediments such as silty mudstone which overlie thick 
intervals of sandstone, often have abundant burrowing and 
root penetrations (fig. 16). There are also abundant plant 
remains, root structures, ripple lamination and graded 
bedding in the siltstone and shale intervals between the 
massive sandstones. For the purposes of this investigation 
the upper boundary of the Paonia shale member is defined as 
the top of the F coal bed.

Barren member

The barren member is the uppermost and thickest member 
of the Mesaverde Formation in the southern Piceance Creek 
Basin. The base of the barren member in the southern part
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of the study area is defined in this study as the top of the 
F bed. Prior to erosion, the thickness of the barren member 
was in excess of 1,500 feet (460 m) (Johnson, 1948). It is 
difficult to estimate the total thickness due to post 
depositional erosion in the area.

The rocks within the barren member consist mostly of 
coarse to fine-grained sandstones. The presence of 
lenticular sandstone bodies is more common in the barren 
member than in underlying members. The intervals between 
the sandstones tend to have an abundance of coaly plant 
material, rooted, thin, ripple laminated silty sandstone and 
interbedded concretionary shale (fig. 17). Palm leaf 
imprints were also observed in some of the thin silty 
sandstones.

There are no significant coal beds within the defined 
barren member in the southern part of the thesis area. In 
addition, extensive core drilling to the south of the thesis 
area revealed that there are virtually no coals within 100 
feet (30.5 m) of the F bed (Wellborn, 1982). The F bed to 
the south of the study area is approximately 450 feet (140 
m) above the Rollins Sandstone Member.

Well logs indicate that in the northern part of the 
thesis area the barren member thickens and there are 2 coal 
beds above the F bed that are 3 to 6 feet (0.9-1.8 m) thick 
(plate 5). In the north part of this study area, the F bed
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STRATIGRAPHIC CORRELATIONS

The stratigraphie correlations illustrated on plates 
1,3,4 and 5 are based on observations in both outcrop and 
core holes along the North Fork Valley. Well logs were used 
to extend the outcrop study further north into the
subsurface. Core studies were used to augment the outcrop
correlations and calibrate the well logs.

The top of the B coal zone was used as a datum for both
the lithostratigraphic cross section (plate 1) and the three 
well log cross sections. The top of the B coal bed was used 
for a datum because it is consistently the thickest coal bed 
in the study area. It also represents a reliable time line. 
This is because coal is formed from peat swamps that spread 
out more rapidly in a horizontal direction than in the 
vertical direction. Although it is conceded that the 
boundaries of a coal bed are probably diachronous, Nemic 
(1988), through the graphic correlation method of Shaw 
(1964), demonstrated that coal beds can generally be 
considered chronostratigraphic units.

Observations in outcrop and core were applied to the 
well log responses in the subsurface. For instance, in the 
well Somerset-1 (plate 3), clayey or shaly sandstone between 
4100' and 4140' correlates with shaly sandstone 260 feet (79 
m) above the top of the B coal zone (plate 1). Another
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example is the middle sandstone interval observed in both 
outcrop and cores. It is readily identifiable in the well 
logs as an extended interval of nondeposition of coal 
between the C bed and the D bed. This interval, which 
includes the middle sandstone, ranges between 200 and 300 
feet (61-91 m) in thickness throughout the study area.

Rollins Sandstone Member

In well logs, the top of the Rollins Sandstone Member 
was picked as the top of the first sandstone below the 
lowest coal bed. Confirmation of the Rollins pick was made 
by observing, on the well logs, where the easily 
identifiable Mancos Shale graded upward into sandstone. The 
API gamma ray sandstone-shale cutoff was determined at the 
gradational contact where the Rollins interval commences. A 
relatively low gamma ray response was interpreted to be 
sandstone and higher gamma ray was interpreted to be shale.

Differences in the relative stratigraphie position of 
the Rollins Sandstone Member are illustrated between three 
well logs in cross section B-B1 (plate 4). The datum is the 
top of the B coal bed. The logs are from drill holes 10- 
90-31, 11-90-7 and 10-8-11-90. The holes form a north-south 
line and span a horizontal distance of 2.0 miles (3.2 km).
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The two wells at either end of the three well group have a 
common 6 to 14 feet (1.8-4.3 m) thick coal bed directly 
overlying sandstone assigned to the Rollins Sandstone 
Member. However, the middle well log (11-90-7) does not 
indicate a coal overlying the Rollins Sandstone. Instead 
there is a thick interval of shale. Thus, the stratigraphie 
equivalent of the shale in the middle well (11-90-7) is 
sandstone in wells 10-90-31 and 10-8-11-90. This sandstone 
is assigned to the Rollins Sandstone Member (plate 4).

Correlations in the two west-east cross sections 
indicate that the Rollins Sandstone rises stratigraphically 
from west to east. For example, in cross section A-A1 
(plate 3) the top of the Rollins Sandstone is 135 feet (41 
m) stratigraphically below the top of the B coal bed at the 
western end of the cross section. As the section is 
followed to the east, the interval between the Rollins 
Sandstone and the top of the B coal zone becomes thinner.
At the eastern end of cross section A-A1 the interval has 
thinned to 4.5 feet (1.4 m) with an accompanying thinning of 
the B coal zone. The stratigraphie climbing of the Rollins 
is also evident in cross section C-C1 (plate 5) 8.5 miles 
(13.7 km) to the north of cross section A-A'. Cross section 
C-C1 is also a west to east section. At the western end of 
the section the interval between the Rollins Sandstone and 
the top of the B coal zone is 80 feet (24 m) thick. To the
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east, at well 24-7, the same interval consists entirely of 
coal and is reduced to 20 feet (6.1 m). At Coal Basin, 
which is at the eastern end of cross section C-C, Collins 
(1970) found the lowest coal-bearing sequence to be resting 
directly on top of the Rollins Sandstone. In Coal Basin, 
the lowest coal-bearing member has been divided by Collins 
(1970) into two named beds depending on the thickness of 
intervening splits; the lowest bed is named the A and the 
upper bed is named the B. Collins (1970) found the overall 
combined A and B coal bed thickness to range between 12 and 
53 feet (3.7 and 16 m). This is considerably thinner than 
the 80 feet (24 m) of intervening strata at the western end 
of cross section C - C  (plate 5).

The north-south aligned wells of cross section B-B1 
(plate 4) illustrate the variable thickness and relative 
stratigraphie position of the Rollins Sandstone Member with 
respect to the top of the B coal bed. For example, well 
logs 16-4 and 30-4 serve clearly to illustrate the sharp 
differences in the thickness of the Rollins Sandstone that 
can be encountered over relatively short distances. In well 
16-4 the first sandstone below the lowest coal is 180 feet 
(55 m) thick including a 10 foot (3 m) shaley interval near 
the bottom. In contrast, well log number 30-4 indicates 
only 85 feet (26 m) of sandstone below the lowest coal bed. 
This is a thickness variation in the Rollins Sandstone of 95
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feet (29 m) over a distance of 3 miles (4.8 km).

Bowie shale member

Cross section C - C  (plate 5) indicates that the defined 
Bowie shale member thins and thickens from west to east. At 
the western end the Bowie shale member is a little over 360 
feet (110 m) thick. At well 10-90-33, 2.3 miles (3.7 km) to 
the east, the Bowie shale member is 315 feet (96 m) thick. 
The member again thickens to 370 feet (113 m) at Coal Basin. 
The top of the Bowie shale member in the northern part of 
the thesis area is picked at the top of the middle sandstone 
interval just as in the southern part of the thesis area 
where the member ranges between 240 and 400 feet (73 and 122 
m) thick.

In contrast, Collins (1970), and previously Hanks 
(1964), assigned 590 feet (180 m) of lower coal-bearing 
Mesaverde Formation to the Bowie shale member and used the 
top of a thick sandstone as the top of the Bowie shale 
member. This sandstone unit, which is not correlatable to 
the North Fork Valley, was called the upper sandstone by 
Hanks (1962). Hanks (1962), who worked in the Ragged-Chair 
Mountain area, subdivided the Bowie shale member into four 
units as follows: (1) a basal shale, (2) the middle
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sandstone, (3) an upper shale, and (4) an upper sandstone. 
These four units have a cumulative thickness of 800 feet 
(244 m). The differences in nomenclature between the 
Somerset and Coal Basin areas arise from both the work of 
Lee (1912) and Hanks (1962). Lee divided the Bowie and 
Paonia shale members in the Somerset area of the North Fork 
Valley on the basis of brackish or marine fossils and 
nonmarine fossils. In contrast, Hanks (1962) divided the 
Mesaverde Formation in the Coal Basin area on the basis of 
lithologie units and assigned the nomenclature of Lee (1912) 
to these units. These differences in nomenclature are 
probably trivial, however, they are noted here for the 
purpose of clarity.

Although the B coal zone of the Bowie shale member can 
be correlated across the thesis area with a large degree of 
certainty, there remains a questionable correlation in cross 
section B-B1 (plate 4). Between the southernmost well, 
Hotchkiss 3-11 and well 10-8-11-90, a distance of 6.4 miles 
(10.3 km), the B coal bed thins considerably. Well number 
Spatafore-1 encountered less than 10 feet (3m) of B coal 
whereas 2.9 miles (4.7 km) to the south at Hotchkiss 3-11 
there is 22 feet (6.7 m) of B coal. The next two wells to 
the north of Spatafore-1, 11-90-17 and Electric Mtn.-l, did 
not fully penetrate the Rollins Sandstone, therefore one 
cannot be absolutely certain that the relatively thin B coal
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bed of these two wells is indeed correlatable to the south 
and north with other much thicker B coal bed picks. A 
possible explanation for the apparent thinning of B bed coal 
could be a localized depositional high or a slower rate of 
subsidence at this location and over the areas to the south 
and north along the cross section.

Paonia shale member

Numerous thin coal beds of the upper part of the Paonia 
shale member lie over blocky well log signatures interpreted 
as channel sandstones. This is particularly evident in well 
number 11-90-7 in cross section B-B1 (plate 4). These thin
coals for the most part correlate with coals in well number
10-8-11-90# 0.8 mile (1.3 km) to the south. The 
discontinuous nature of coals in the Paonia shale member is 
particulary evident in these two wells. For example, in 
well 11-90-7 at 33401 depth, the D bed equivalent of the 
lowest part of the Paonia shale member is 8 feet (2.4 m) 
thick. At well number 10-8-11-90, the equivalent coal 
interval is represented by 6 feet (1.8 m) of shale bounded 
by sandstone. This interval is correlative because of the 
proximity of the two wells, correlation of underlying and 
overlying coal beds, and common distance of the two
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correlated zones above the top of the B coal zone.
Most of the coals in the Paonia shale member are 

thinner and less persistent over long distances. This makes 
it more difficult to correlate the coals in this member 
compared to those in the Bowie shale member. One exception 
to the discontinuous nature of the Paonia shale member coals 
exist in the lower part of the member. In cross section B- 
B ' the E bed is easily correlatable. A strong piece of 
evidence for this is the observation that in all cases, 
except at the northern end of the cross section, the E bed 
is the first thick coal bed present after 360 feet (110 m) 
of barren upper Bowie shale member and lower Paonia shale 
member. The D coal zone is absent in the central and 
northern part of the thesis area. This makes the E coal bed 
easily isolated and identifiable. The E bed averages 367 
feet (112 m) above the top of the B coal zone and is 14 feet 
(4.3 m) thick at the southern end of the cross section. The 
thickness stays relatively constant at 10 feet (3 m) 
throughout the middle part of the cross section. At the 
northern end, however, it pinches out between 16-4 and the 
northernmost well in the thesis area, S. Wolf Creek-1 (plate 
5) .

For the most part, the coal beds lying above the E coal 
zone in the central and northern part of the thesis area are 
thin and discontinuous with the exception of the F bed
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which, in the northeastern part of the area, is up to 18 
feet (5.5 m) thick. In cross section C - C  (plate 5) the F 
bed can be correlated from the B-B' intersection to 8.2 
miles (13.2 km) east at Coal Basin where it correlates with 
the M bed of Collins (1970). To the west and north the F 
bed coal has been coked and partially replaced by an igneous 
intrusive. This is illustrated by well logs 30-4 and 16-4 
in cross section B-B' (plate 4). The resistivity curve 
shows a sharp deflection to the left at the upper and lower 
part of the coal. The normal curve deflection for 
resistivity in coal is to the right indicating high 
resistivity (Davis, 1977). In addition, the density log 
indicates a bulk density of 2.74 gm/cc which is much higher 
than the bulk density of coal. The geologic map of the 
Carbondale 30 x 60 minute quadrangle (Ellis and Freeman, 
1984) shows a basalt dike exposed at the surface 1.5 miles 
(2.4 km) to the southeast of well 30-4.
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DEPOSITIONAL ENVIRONMENTS

The stratigraphie relationships of 10 different 
lithofacies within the coal-bearing part of the Mesaverde 
Formation are displayed on plate 1. This plate shows a 
west-east section of the Mesaverde Formation along the North 
Fork of the Gunnison River between Hubbard Creek and just 
west of Paonia Reservoir. The depositional environments and 
processes attributed to each lithofacies are based on rock 
descriptions obtained from outcrop and core observations and 
well log characteristics.

Rollins Sandstone Member

In the southeastern Piceance Creek Basin the Rollins 
Sandstone Member represents the leading edge of a prograding 
clastic sediment sheet. The Rollins Sandstone is composed 
of offshore, littoral, and supratidal deposits (Young,
1982). The offshore part consists of prodelta deposits.
The littoral component consists of delta front (of which 
lower to upper shoreface and foreshore are a part), 
distributary mouth bar and distributary channel. The 
supratidal part of the Rollins Sandstone consists of 
distributary channel and backshore environments. The
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backshore deposits are easily recognized in outcrop because 
of the distinctive bleached zone at the top of the Rollins 
Sandstone (figs. 6,7). Similar bleached zones at the top of 
the Starpoint Sandstone of east central Utah have been 
interpreted to represent a beach deposit (Flores and others,
1984). The bleached zone, or "white cap" is interpreted to 
be an exhumed paleosol where humic acid from the 
coalification process overlying the zone leached downward, 
this chemical reaction reduced the iron in the sandstone.

Intertonguing zones of Rollins Sandstone and Mancos 
Shale represent successive events of progradation and 
lateral shifting of depositional centers as point sources of 
sediments, in the form of distributary channels along the 
barrier-delta front, were abandoned. The prodelta deposits 
at the base of the Rollins Sandstone consist of interbedded 
silty shale, siltstone, and silty sandstone. The silty 
sandstone beds, which are characterized by asymmetrical 
ripple laminations, increase upward in thickness and 
abundance. They also contain numerous trace fossils 
including Thalassinoides. Arenicolites, Chrondrites, and 
Ophiomorpha.

In many locations throughout the thesis area, prodelta 
deposits vary in thickness. This represents the varying 
locations of the deltaic center of deposition as the 
autocyclic process of avulsion and subsequent delta
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abandonment changed the locus of deposition along the delta- 
barrier coast line complex. An example of this effect can 
be observed in well log cross section C-C1 (plate 5). 
Parallel to depositional dip, thick intertonguing sequences 
of prodelta and deeper water shales are represented below 
the Rollins Sandstone 10-90-34 and 24-1 as the delta front 
prograded to the east. In contrast, 3 miles (4.8 km) to the 
southwest, in the central part of cross section B-B' (plate 
4) which is along depositional strike, the Rollins Sandstone 
is represented by a more discreet sequence of sandstone 
which grades in a relatively abrupt manner downward into 
offshore marine shale. This style of deposition represents 
an interdistributary offshore sequence of reworked delta- 
barrier front deposits. The reworking of offshore sediments 
was caused by longshore currents which moved in a general 
south-southwesterly direction (Madden, 1989).

Thicker sequences within the Rollins Sandstone 
represent the complete delta front facies. The facies is 
composed of distributary channel, distributary mouth-bar, 
shoreface, and backshore sandstones. Where the Rollins 
Sandstone is thinner, such as in wells 30-4 of cross section 
B-B1 (plate 4) and 10-90-31 in cross sections B-B' and C - C  
(plate 5), the stacking effect of one or more distributary 
channels or distributary mouth bars is absent. Where 
present, distributary channels which are stacked on top of
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or scour into the Rollins are represented by a coarsening 
upward or "gamma ray decreasing upward" sequence on well 
logs. Saxena (1982) described similar well log signatures 
from modern Mississippi delta deposits. This effect can be 
observed in well logs Hotchkiss Ranch 3-11 and 11-90-7 in 
cross section B-B' and in the well log from Bowie-1 in cross 
section A-A' (plate 3). In outcrop a possible distributary 
channel sandstone has been observed stacked on top of 
shoreface sandstone of the Rollins (fig. 7).

Channel mouth-bars have been observed in outcrop by 
Flores and others (1984) in the Starpoint Sandstone of east 
central Utah. In the Starpoint example, the distributary 
mouth-bars are up to 60 feet (18 m) thick and are lower in 
elevation than distributary channel sandstones. Figure 6 
shows a possible distributary channel mouth-bar sandstone in 
the lower part of the Rollins Sandstone located west of 
Hubbard Creek. In the photograph, it appears to grade 
laterally into lower shoreface deposits.

Lithofacies of the Bowie and Paonia shale members

The following lithofacies have been used to reconstruct 
the paleogeographic setting of the coal-bearing part of the 
Mesaverde Formation during deposition:
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LITHOFACIES A : Sandstone, massive to tabular tangential and 
trough cross-bedded with convoluted laminations in the lower 
part and asymmetrical ripples in the upper part. Individual 
units are 20 to 50 feet (6.1 to 15 m) thick. Scattered clay 
partings along cross bedding planes were frequently 
observed. The sandstone is composed of fine to medium- 
grained quartz sand with 10 to 15% lithic and ferromagnesian 
accessory grains. The cement is calcite with minor, 
possibly authigenic, clay. Chert and indurated clay pebbles 
are present at sharp basal contacts and along large 3 to 6 
foot (1 to 2 m) trough cross-bedding scours. Herringbone 
cross-bedding is prevalent 25 feet (7.6 m) above the sharp 
basal contact. The two current directions are S70E and 
N20W. The only fossil observed was the ichnofossil 
Ophiomorpha nodosa (Lundgren) (fig.18) In addition, there 
are scattered fine to coarse-sized coalified woody debris 
along bedding planes. The sandstone units are often stacked 
to form continuous intervals up to 90 feet (27 m) thick.

This lithofacies is interpreted to represent a lower 
delta plain distributary channel. The herringbone cross
bedding indicates bidirectional current which is the result 
of tidal currents. The presence of Ophiomorpha is 
indicative of saline conditions in the form of a saline 
wedge extending up the channel. Conditions were not ideal 
for Ophiomorpha to thrive, however, because the fossils are
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smaller and fewer In number than those in the Rollins 
Sandstone Member. The lower delta plain setting was under 
the influence of tides which caused salt-water wedges to 
extend landward into the low gradient channels.

The presence of Ophiomorpha in only the lower part of 
the middle sandstone, in most places, reflects the changing 
conditions of the lower delta plain environment as the delta 
front prograded seaward. The conditions changed from the 
tidal influenced lower delta plain environment to upper 
delta plain with no tidal influence at the stratigraphie
level of the middle sandstone.

In well logs the facies is characterized by a gamma ray 
shift to the left of 40 to 60 API units from the shale line. 
A shift to the left in gamma ray units represents a decrease 
in radiation. In detrital clastic rocks, a decrease in 
radiation usually results from a decrease in clay content 
and an increase in quartz. The channel sandstones commonly 
average 70 gamma ray API units. In contrast, the Rollins 
Sandstone, which is a relatively clean (clay free) littoral 
sandstone has an average API gamma ray value of 60. This 
slightly higher value for channel sandstones is best 
illustrated in logs from wells 10-90-32, Fed-33, and 10-90-
34 of cross section C - C  (plate 5). The distributary
channel sandstones also have a blocky signature in well logs 
that is easily recognized. The distributary channel
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sandstones also show a tendency to have slightly higher 
porosities near the tops of the units. In well log number
11-90-17 in cross section B-B' (plate 4), for example, the 
porosity is 14% at the bottom of a sandstone between 4674 
and 4758'. While at the top of the interval the porosity is 
18%. This probably reflects a greater degree of sorting as 
transporting currents begin to subside prior to abandonment.

LITHOFACIES B : Shale, carbonaceous and silty with 1/4 to 4 
inch (6 mm to 10 cm) thick coal lenses and scattered 
coalified plant matter. Thickness varies from 2 to 30 feet 
(0.6 to 9.1 m). Unidentified burrows are present where the 
base of this facies is in contact with underlying sandstone 
(fig. 16). The top several feet of underlying sandstone is 
ripple laminated. This lithofacies is laterally juxtaposed 
with the distributary channel facies. Commonly this 
lithofacies is capped by coal up to 10 feet (3.0 m) thick in 
places. The relatively thin coal, abundant plant material 
in fine-grained rocks, and lateral juxtaposition to channel 
sandstones indicate that this lithofacies resulted from the 
low hydraulic energy of abandoned distributary channel 
processes.

In well logs the lithofacies is characterized by a 
sharp shift to the right of the gamma ray curve where it 
directly overlies distributary channel sandstones. Gamma
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ray API units commonly range between 140-180. Porosities 
are variable but usually fall between 15 and 25%.

LITHOFACIES C : Coal, blocky fractures and well developed 
face and butt cleats are common. The coal has scattered 
thin resinous streaks on fresh surfaces beneath the 
weathered covering. The coal is of the humic type with an 
ash content generally between 5 and 15% (Toenges and others, 
1952). Two coal lithotypes have been observed in outcrop; 
vitrain, the black, bright-lustered, conchoidally fracturing 
variety and fusain, which is black, silky lustered, friable 
and soft. Rocks below the coal layer are frequently mottled 
and rooted. The depositional environment for this 
lithofacies is a swamp protected in one way or another from 
clastic deposition. There have been three mechanisms 
suggested by McCabe (1984) for the preservation of thick 
accumulations of low ash peats which are necessary to 
produce economic coals; (1) the chemistry of swamp waters 
may shield peat from clastic deposition, (2) the peat formed 
in raised or floating swamps which were protected from 
clastic deposition because they were higher in elevation 
than the channels, and (3) the peat deposition was not 
contemporaneous with clastic deposition, for example the 
regional clastic supply was cut off during swamp 
development.
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In well logs this lithofacies is the most easily 
recognized. The gamma ray curve makes a sharp shift to the 
left from the response of surrounding clastic rocks. API 
units are in the range of 20 to 30 with increasing values as 
clastic content of the coal increases. Density log curves 
show a low densities of 1.45 gm/cc compared to shale and 
sandstone densities of 2.5 to 2.7 gm/cc.

The effect of igneous intrusions on the well log 
signature of coal is apparent in several coal beds in the 
thesis area. For example, in cross section A-A1 (plate 3), 
the B coal bed at the Bowie-1 well has been intruded by an 
igneous body between well log depths 3118 and 3156'. Core 
descriptions from other drill holes in the area describe the 
intrusive as highly altered diorite and the surrounding coal 
altered to coke. The F coal bed at the north end of cross 
section B-B1 (plate 4) has also been intruded by an igneous 
body with similar results.

LITHOFACIES D : Shale, black with oyster coquinas 1 to 4 
inches (3 to 10 cm) thick. Interbedded with the shale are 
siltstone and carbonaceous shale. Abundant brack!sh-water 
bivalves have been documented by Lee (1912) including 
Corbula, Corbicula and Ostrea. In the upper part there is 
ripple laminated siltstone. Shale and interbedded 
carbonaceous shale are more common in the lower part. The
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lithofacies is up to 10 feet (3.0 m) thick and often bounded 
above by coal and below by either coal or the uppermost part 
of the Rollins Sandstone. Vertically stacked sequences can 
range up to 30 feet (9.1 m) thick. The depositional 
environment is interpreted to be a brackish water bay or 
lagoon based on lithology, fossils, lack of significant 
burrowing, and stratigraphie proximity to the Rollins 
Sandstone.

In well logs the lithofacies appears not to differ very 
much from abandoned channel facies. The gamma ray values
tend to range between 120 to 160 API units. Often these API
values will be much lower where a particularly carbonaceous 
interval has been encountered. Porosity values tend to 
reflect the fine-grained and carbonaceous nature of the 
rocks with values between 20 and 25%. The porosity can 
exceed 30% in the oyster shell coquinas. This is 
illustrated in cross section A-A1 (plate 3) at the Somerset- 
1 well. Between the well log depths of 42961 and 42981 the 
porosity is 35%. This interval corresponds to the cored
interval depicted in figure 19.

LITHOFACIES E : Sandstone, ripple cross-bedded and 
interbedded with shale and silty sandstone 1 to 5 feet (0.3 
to 1.5 m) thick. The sandstone intervals thicken upward and 
have sharp bases which are heavily bioturbated and slightly
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scoured into the underlying shales. Abundant saline trace 
fossils include Thalassinoides, Cylindrichnus and other 
numerous unidentified feeding tracks and burrows. 
Disarticulated bivalve fossils from the species Cardium 
speciosum (Meek and Hayden) and possibly Melania insculpta 
(Meek) were found on the upper surfaces of thin calcareous 
siltstones (fig. 14). In outcrop, this lithofacies 
assemblage resembles the prodelta subfacies of the lower 
Rollins Sandstone with the exception that the degree of 
bioturbation in the silty sandstones is markedly less than 
in prodelta deposits below the Rollins (fig. 20). This is 
probably due to the brackish nature of the water in the 
environment during deposition. The cumulative thickness of 
this lithofacies averages 35 feet (11 m) in contrast to 
offshore prodelta sequences which range up to 90 feet (27 
m). This environment is interpreted to represent saline bay 
fill from a prograding bayhead delta or crevasse splay.

In well logs this lithofacies is represented by 
coarsening upward sequences of decreasing gamma ray API 
units often in sharp contact with an overlying distributary 
channel sandstone (LITHOFACIES A ) . A typical example of 
this log pattern is demonstrated in the Somerset-2 well in 
cross section A-A1 (plate 3). Between the depths of 4230’
and 42601 the gamma ray response shifts to the left as 
coarser grained rocks fill the saline bay.





T-3743 79

LITHOFACIES F : Interbedded shale, siltstone and very fine
grained silty sandstone. The sandstone is ripple cross 
bedded to horizontally laminated. Intervals are 2 to 4 feet 
(0.6 to 1.2 m) thick with prevalent root structures at the 
top. Commonly they are stacked to form thicker sequences. 
The deposits interfinger laterally with distributary channel 
deposits. This lithofacies is interpreted to represent 
distributary channel levee deposits in a delta plain 
environment.

This lithofacies is difficult to positively identify in 
well logs. However, where one well log might show a channel 
sandstone at a given elevation and an adjacent well log 
indicates an interfingering of thin shale, siltstone, and 
shaly sandstone, it can be interpreted that the second log 
interval represents interfingering channel levee and 
overbank deposits. An example of this relationship can be 
found in cross section A-A1 (plate 3). Drill holes 
Somerset-1 and Somerset-2 are 0.5 miles (0.8 km) apart in 
the middle of the cross section. In Somerset-2 between the 
depths of 4290' and 43141 there are 24 feet (7.3 m) of 
sandstone lying on top of the C coal seam. To the northeast 
at Somerset-1 the equivalent interval above the C seam lies 
between the depths 42781 and 42541 and is represented by 
shale and interbedded silty sandstone. Somerset-2 
penetrated 24 feet (7.3 m) of distributary channel sandstone
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just above the C coal bed while 0.5 miles (0.8 km) to the 
northeast Somerset-1 penetrated overbank-channel levee 
deposits overlying the C coal bed. This represents a change 
in related lithofacies over a lateral distance of 0.5 miles 
(0.8 km).

LITHOFACIES G : Sandstone, small scale trough cross-bedded to 
asymmetrical ripple laminated and convoluted. The 1 to 4 
foot (0.3 to 1.2 m) thick intervals are also commonly 
rooted. The basal contact with underlying sparsely 
fossiliferous shale and siltstone or coal can be sharp or 
gradational. The grain size is medium fine with a slight 
fining upward. Small Ophiomorpha sp. burrows have been 
found in this facies at measured section 3 (plate 1). The 
depositional environment for this lithofacies is interpreted 
to be a lower delta plain crevasse channel.

A presumed crevasse channel sandstone is identified at 
a depth of 41801 in the well Somerset-1 (plate 3). Note the 
2 to 3 foot (0.6 to 0.9m) thickness of the coarse interval 
with a gradational base that coarsens upward from a distal 
splay or overbank deposited shale. In contrast, 
interpretations of small scale depositional processes are 
more speculative in a log from the Spatafore-1 well (plate 
4) or well 24-1 (plate 5).



T-3743 81

LITHOFACIES H : Shale, interbedded with lenticular 1 to 4 
foot-thick (0.3 to 1.2 m) siltstone layers. Overall 
thicknesses range to 10 feet (3 m). The siltstone is flaser 
bedded and rippled. The shale-siItstone contacts are sharp 
to gradational. The siltstone fines upward to the next 
shale interval. The underlying rocks are sparsely burrowed. 
This lithofacies represents a distal crevasse splay of 
sediments in interdistributary depressions of a deltaic 
plain. In many cases these lobate shaped deposits acted as 
platforms for peat development.

As in the example of the crevasse channel, the small 
scale of the distal crevasse splay deposit makes it 
difficult to positively identify this lithofacies in well 
logs. Generally speaking, the thinner intervals of 
relatively high gamma ray response and higher porosities are 
probably shales and may represent this specific lithofacies. 
However, one example of the distal crevasse splay facies can 
be documented in the subsurface from the Somerset-1 well 
(plate 3). In this case, an interval of core had been taken 
between the well log depths of 39331 and 39511 (see Appendix 
B for core descriptions). The core sample consists mostly 
of mudstone, at 3939' however, there is 5 inches (13 cm) of 
coal and lying directly above that a coarsening upward 
sequence 2 feet (0.6 m) thick consisting of mudstone and 
siltstone with convoluted bedding. This sequence suggests
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the rapid advance of a swamp inundating crevasse lobe over a 
thin peat bed.

LITHOFACIES I : Sandstone, massive to plane-bedded 5 to 11 
feet (1.5 to 3.3 m) in thickness. The grain size is fine to 
very fine and soft sediment deformation is common.
Overlying the sandstone is a gradational contact with 
siltstone. The siltstone grades upward into carbonaceous 
shale with abundant coalified wood fragments. The basal part 
of the sandstone is often trough cross-bedded and contains 1 
to 3 inch (3 to 8 cm) clay rip-up clasts. Scattered 
exposures of claystone and shale drapes along inclined 
bedding planes have been observed. The basal part includes 
lag deposits just above a scoured contact with the 
underlying claystone and shale. The combined thickness of 
sandstone, siltstone, and shale is up to 40 feet (12 m).
The interpreted depositional environment is upper delta 
plain distributary channel.

The well log response for an upper delta plain 
distributary channel sandstone is commonly thought of as a 
sharp basal contact accompanied by a slightly fining upward 
sequence. This type of well log pattern is more prevalent 
in the Paonia shale member of the Mesaverde Formation than 
in the Bowie shale member. Examples can be found in the 
three well log cross sections with particularly clear
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illustrations in north-south cross section B-B * (plate 4).

LITHOFACIES J : Claystone and shale with scarce to abundant 
coalified plant material. Reddish brown sideritic 
concretions often occur at the upper surface of the facies. 
Closer to channel margins, intercalated siltstone and very 
fine-grained sandstone grade into channel levee deposits. 
This lithofacies may be overlain by coal or sandstone 
(LITHOFACIES C or LITHOFACIES G). The interpreted 
depositional environment is interdistributary areas of the 
upper delta plain and the rocks represent overbank flood 
plain deposits.

Most of the well log intervals representing fine
grained rocks between coals and sandstones in the Paonia 
shale member could be interpreted as LITHOFACIES J. The 
prevailing processes responsible for fine-grained clastic 
deposition in upper delta plain interdistributary areas is 
overbank flooding and crevassing. The lower delta plain 
counterpart to overbank flood plain deposits is the 
occasional distal crevasse splay deposit. Although the two 
processes are different, the well log response to each type 
of lithofacies is indistinguishable. Therefore, the well 
log signature for LITHOFACIES J is the same as that for 
LITHOFACIES H.
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In summary, these lithofacies patterns fit the model of 
a deltaic system of deposition first described in this area 
by Collins (1970) and later elaborated on by Wellborn 
(1982). The Rollins Sandstone Member was deposited as a 
sheet sand at the delta front. Between channel mouths, 
where sediments were not being brought directly to the delta 
front by distributaries, the sands were reworked by 
longshore currents into relatively thinner shoreface and 
foreshore deposits with no accompanying channel stacking. 
Preservation of channels within and directly above the 
Rollins Sandstone resulted in the thickness variations of 
the Rollins observed in some well logs in the study area.

The Bowie shale member, which contains the thickest 
coal beds, was deposited in a lower delta plain setting 
influenced by tidal processes. This is indicated by the 
brackish fauna and herringbone cross-bedding within some 
bays and distributary channels. Thick accumulations of coal 
formed shoreward of the delta front at or near sea level in 
interdistributary areas protected from clastic input by well 
developed channel levees. The distributary channel 
sandstones of the Bowie shale member are thicker and more 
laterally extensive than the channel sandstones of the 
Paonia shale member. The greater thickness is the result of 
channel stacking in the Bowie shale member. Crevasse splay 
deposits are not as common in the Bowie shale member as they
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are in the Paonia shale member.
The Paonia shale member contains coal beds which are 

generally thinner and less persistent. Distributary channel 
sandstones are thinner and do not contain evidence of tidal 
influence. While individual channel sandstone bodies are 
more numerous, they are thinner because they are not stacked 
like those in the lower delta plain setting. Crevasse splay 
and overbank flood deposits are more dominant in the upper 
delta plain. Channel abandonment through crevassing appears 
to be a common process which affected the continuity of coal 
beds in the upper delta plain.
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PALEOGEOGRAPHIC RECONSTRUCTION

The rocks preserved along the North Fork Valley between 
Hubbard Creek and Paonia Reservoir represent the shoaling 
upward sequence of an eastward prograding barrier-delta 
front complex. This deltaic complex existed along the 
western edge of an Upper Cretaceous epicontinental sea. 
Deposited in the Cretaceous sea were the marine muds and 
associated calcareous sediments represented by the Mancos 
Shale. The delta complex was named the Piceance Delta by 
Collins (1970). It probably prograded in a southeasterly 
direction from a north-northeasterly to south-southwesterly 
aligned paleoshoreline (Zapp and Cobban, 1960; Madden, 1989, 
p.37) .

Bowie shale member

A generalized paleogeographic map of the lower delta 
plain, distributary channel, crevasse splay, lagoon and 
marine bay, and barrier-delta front environments as they 
might have occurred in the intertonguing zones of the 
Rollins Sandstone Member and Bowie shale member is depicted 
schematically in figure 21. The map shows two delta 
complexes. The one to the north is in the early stages of
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Figure 21-Paleogeographic map of the thesis study area
showing the depositional environments of the Bowie 
shale member and Rollins Sandstone Member.
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abandonment as the location for the delivery of sediments to 
the Mancos Sea shifts southeastward to a newer active delta 
complex shown in the lower left corner of the map. A wave 
dominated system, with long shore drift from north to south, 
is suggested by the north to south bending of channel mouth 
bars and the spits forming on the south ends of 
interdistributary barrier-delta front sand bodies.

In the depicted reconstruction, narrow vegetated areas 
are beginning to form on the platform created by storm 
washover immediately behind the barrier sands. These sites 
of peat development are encroaching landward into the lagoon 
environment. A similar relationship of a barrier-delta 
front facies merging landward into coastal lagoons and 
swamps was interpreted for the intertonguing zone of the 
Starpoint-Blackhawk Formations in east central Utah (Flores 
and others, 1984). To the north of this study area at Rifle 
Gap and Newcastle, Madden (1989) interpreted the Trout Creek 
Sandstone as a north-northeast trending strandline 
consisting of sandy beach ridges cut by tidal inlets. Both 
the Starpoint and the Trout Creek examples bear strong 
resemblance to the features observed in the Rollins 
Sandstone Member and Bowie shale member in southeastern 
Piceance Creek Basin.

Two types of open water bodies existed within the 
interdistributary/back barrier areas of the lower delta
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plain. One was a brackish water lagoon typified in core 
samples by dark gray shale with oyster shell coquinas and a 
paucity of other fossils or bioturbation. The other type of 
open water body was a saline bay indicated by preservation 
of a wide variety of ichnofossils, light gray shale and 
interbedded siltstone. Both of these environments are 
depicted in figure 21 as they may have looked at the time of 
deposition. The marine bay is shown in T. 12 S. and T. 13 
S. and R. 90 W. with a prograding bayhead delta as 
interpreted from measured sections in the along the North 
Fork Valley.

The orientation and size of the distributary channels 
illustrated at the bottom of figure 21 are based on 
interpreted cores, well logs, and outcrop observations. For 
example, at location A 1 there is 74 feet (23 m) of sandstone 
separated by less than 4 feet (1.2 m) of shale, lying over 
the Rollins Sandstone (plate 1). This is interpreted to be 
a distributary channel sandstone.

The majority of coal in the Bowie shale member formed 
from peats which developed behind the barrier-delta front 
complex and in interdistributary areas. The coal which has 
been preserved directly adjacent to and overlying barrier- 
delta front sandstone is thinner than that which formed 
contemporaneously farther inland. The thickest part of the 
B coal zone, formed 6 to 8 miles (10 to 13 km) inland from
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the barrier-delta front and is up to 32 feet (9.8 m) thick 
(plate 4). The B coal zone thins from west to east in a 
seaward direction. Where the B coal zone directly overlies 
the barrier-delta front facies, it is less than 2 feet (0.6 
m) thick in the south part of the study area (plates 1, 3). 
Underlying the B coal beds, and separated by up to 100 feet 
(30.5 m) of lagoon deposits in the central part of the study 
area, is the A coal bed which in turn lies directly over the 
Rollins Sandstone in the central part of the study area. 
Farther inland, the thickest bed of the B coal zone splits 
and pinches out as crevasse splays and overbank flooding 
began to play a role in introducing clastic sediments into 
the swamps.

Perm and Staub (1984) stated that sites of maximum peat 
accumulation appear to be delicately balanced between areas 
which are topographically low and easily flooded with 
elastics and areas that are topographically too high to 
permit peat accumulation. This topographic influence is 
controlled by the degree that underlying sediments can 
compact. Sediments which compact the least produce 
topographic highs and sediments which compact the most 
produce lows. In the Bowie shale member the thickest coal 
occurs where there are 20 to 40 feet (6.1 to 12 m) of 
underlying brackish bay and lagoon deposits. It follows 
that compaction rates for that interval of lagoon and bay-
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fill sediments was ideal for thick accumulation of peat. 
Studies of Recent peat deposits indicate the difference 
between "too high" topographically and "too low" 
topographically is only a few feet (less than 1 meter) (Perm 
and Staub 1984).

In summary, bodies of thickest coal, mainly the B coal 
bed in the study area, parallel the ancient barrier-delta 
front paleoshoreline. Where a coal directly overlies the 
barrier-delta front facies, it thickens in a landward 
direction for 6 to 8 miles (10 to 13 km), then begins to 
split and pinch out. The thickening, and landward splitting 
and pinching out, is directly related to interval thickness 
of underlying deposits between the B coal and the Rollins 
Sandstone. The thickest part of lower delta plain coals 
appear to be oriented subparallel to the northeast- 
southwest trend of the paleoshoreline.

Paonia shale member

A generalized paleogeographic reconstruction for the 
Paonia shale member is depicted in figure 22. Rocks of the 
Paonia shale member represents sediments deposited in an 
upper delta plain environment. A study of outcrop 
exposures, core samples and well logs indicates that this
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environment was removed from tidal influence. Distributary 
channels are smaller than those in the lower delta plain 
Bowie shale member. The upper delta plain channels do not 
stack upon one another like the large channel (middle 
sandstone unit) in the Bowie shale member ; however, there 
are more smaller individual channel sandstones in the Paonia 
shale member. The number of individual channel sandstones 
increase in the upper part of the Paonia shale member at the 
expense of interchannel flood plain deposits and coal (plate 
1). In association with the distributary channels there are 
levee, crevasse splay, crevasse splay channel, and overbank 
flood deposits. In many cases, coals formed in the 
depressions of abandoned channels. However, these coals 
tend to be thinner and less persistent than the coals formed 
in flood plain environments. Within the swamps of 
interchannel areas, peat deposits may have accumulated 
through a gradual rise of the groundwater table. The 
thickest coal deposits are probably aligned parallel to the 
direction of channel trends.
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APPLICATION TO COAL BED METHANE EXPLORATION

The depositional models and paleogeographic 
reconstructions presented in this study can be applied to 
the exploration for coal bed menthane. Target areas for 
coal bed exploration in the Piceance Creek Basin have been 
determined by Choate, Jurich and Saulnier (1984). A map of 
the target areas is shown in figure 2. Target areas are 
arranged in a hierarchy from low, around the periphery of 
the basin, to high potential for coal bed methane in the 
central part of the basin. The criteria used for the 
determination of potentials are : areas where overburden is 
greater than 2000 feet (610 m), areas of thick coals, areas 
of high heat flow, areas along major synclines and 
anticlines, and areas where igneous intrusions have caused 
fracturing and high heat flow. Choate, Jurich, and Saulnier 
(1984) further stated that coincidence of any two of these 
criteria constitutes a "prime" target area. Further 
refinement of the location for thick coals is introduced 
here for use as a model for thick coal bed occurrence.

It has been determined from the depositional model and 
paleogeographic reconstruction that the thickest and most 
areally extensive coal, the B coal zone, formed where peat 
accumulation and subsidence of underlying sediments were in 
balance. This balance was maintained in an area which bears
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an elongate geometry subparallel to the paleoshoreline and 
extending 6 to 8 miles (10 to 13 km) inland. Rocks 
representing the period of peat accumulation related to the 
B coal bed are termed 11B coal zone". In the B coal zone the 
average total thickness of coal is 12 feet (3.7 m) at the 
eastern side of the study area. To the west, in the 
landward direction, B coal zone thickness averages 30 feet 
(9.1 m) where thick individual coal beds begin to split and 
pinch out 6 to 8 miles inland (west) of the paleoshoreline.

The Rollins Sandstone, which represents the barrier- 
delta front facies is separated from the B coal zone by up 
to 100 feet (30.5 m) of lagoonal and associated facies at 
the western end of the study area. In this landward 
direction an earlier cycle of peat deposition represented by 
the A coal zone lies directly over the barrier-delta front 
facies and thickens in a landward direction just as the 
younger B coal zone does in the east part of the study area.

The coal beds representing the two cycles of peat 
formation in the lower delta plain environment have a 
geometry elongate to depositional strike of the Piceance 
Delta. The shapes of the A coal zone and B coal zone are 
depicted in figure 23 which also shows the areas of high 
coal bed methane potential for the southeastern part of the 
Piceance Creek Basin. The outline of the B coal zone is 
where the thickest coals occur in the lower Bowie shale
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Figure 23-Map of the thesis study area depicting the areas 
of coal bed methane occurrence and their 
relationship to the A and B coal zones of the 
Bowie shale Member.
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member. The outlined western extent of the A coal zone is 
hypothetical.

The potential for economic recovery of coal bed methane 
is high where these zones overlap with target areas of 
Choate, Jurich, and Saulnier (1984). There are two areas 
where the combined thickness of the A and B coal beds exceed 
30 feet (9m). These two thick regions are separated by an 
are of thinner coal as indicated in well logs Spatafore-1, 
Federal 11-90-17, and Electric Mountain-1 (plates 2 and 4). 
The southern area of thick coal is located in the western 
half of T. 12 S., R. 90 W. and the eastern part of T. 12 S., 
R. 91 W. The combined thickness of A and B coals is as much
as 38 feet (12 m) in this region. These thick coals trend
roughly north and south (plates 3 and 4). In the northern 
part of the thesis area there is a region of thick A and B 
coal exceeding 40 feet (12 m) (plates 4 and 5). The areal 
extent of this thick coal, located in the northwest corner 
of T. 11 S., R. 90 W. and the southwest corner of T. 10 S.,
R. 90 W., is smaller than the southern region. Like the
thick area to the south, this region also trends north and 
south. Similar thick coal regions may extend north along 
the depositional strike of the Piceance Delta front. The 
geometry and orientation of the thickest coal beds in the 
lower delta plain depositional environment can be applied to 
older lower delta plain coals to the west and used as an aid
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in   the   ex p l o r a t i o n   of   coal   bed   m e t h a n e   in   the   s ou th w e s t e r n  

and   other   pa rt s   of   the   Pi ce a n c e   C r ee k   Basin.
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CONCLUSIONS

This study was undertaken to determine the detailed 
stratigraphy and provide a depositional model for the coal- 
bearing part of the lower Mesaverde Formation in 
northeastern Delta and northwestern Gunnison Counties of 
western Colorado. The stratigraphy consists of, in 
ascending order, the Rollins Sandstone Member which ranges 
between 80 and 200 feet (24 to 61 m) thick, the coal- 
bearing Bowie shale member which is between 260 and 490 feet 
(80 and 150 m) thick, the coal-bearing Paonia shale member 
with an approximate thickness of 180 feet (55 m), the barren 
member which contains no economic coals and is between 1,500 
and 2,000 feet thick (457 to 610 m), and the Ohio Creek 
Conglomerate which was not studied in this report.

The depositional environment for the Rollins Sandstone, 
Bowie shale member, and Paonia shale member was a wave 
dominated delta system which prograded in an east- 
southeasterly direction. The delta consisted of two major 
components, the lower delta plain including, delta front 
deposits, and the upper delta plain.

The Rollins Sandstone was formed in the delta front 
depositional environment. The Bowie shale member was 
deposited in the lower delta plain and is characterized by 
rocks which exhibit a marine influence through the local
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subsidence and subsequent flooding by saline waters. This 
resulted in saline and brackish facies being deposited as 
the location of fluvial borne clastic sediments shifted 
farther inland or laterally along strike. Strata 
representing the saline and brackish facies are found 
interbedded with coal in the Bowie shale member of the 
Mesaverde Formation. Coal beds of the Bowie shale member 
were formed from peat deposited in back-barrier and 
interdistributary platforms underlain by lagoon and barrier- 
delta front facies. The member is capped by a thick, 
sequence of stacked, laterally extensive, distributary 
channel sandstones locally named the middle sandstone. The 
lower part of the middle sandstone contains evidence of 
tidal influence in the form of Ophiomorpha burrows and 
herringbone cross-bedding. This suggests occasional tidally 
caused salt-water wedging in the lower delta plain 
distributary channels. There are no saline indicators above 
the middle sandstone.

The thickest and most areally extensive coals, those of 
the B coal zone, formed where peat accumulation and 
subsidence of underlying sediments were in balance. This 
balance was maintained in an area which bears an elongate 
geometry subparallel to the paleoshoreline and extending 6 
to 8 miles (10 to 13 km) inland from the paleoshoreline.

Coal beds of the Paonia shale member are characterized
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by generally thinner intervals. The coal beds are 
interbedded with rocks representing sediments deposited in 
an upper delta plain environment dominated by smaller 
distributary channel sandstones, crevasse splay deposits, 
and over-bank flood deposits. The coals are derived from 
peat which accumulated in the broad floodplains of 
interchannel areas. The interchannel areas were protected 
from clastic influxes by well developed levees. Peat 
deposition was frequently interrupted by crevasse splays, 
overbank flooding, and channel avulsion. After channel 
abandonment, areally restricted coals formed in the quiet 
backwaters of abandoned channels. The thickest most 
extensive coal beds, however, are found in the broad 
interchannel flood plains. These coal deposits are aligned 
subparallel to the fluvial channel trend.

In the eastern side of the study area the B coal zone 
lies directly over the Rollins Sandstone. In contrast, the 
Rollins Sandstone is separated from the B coal zone by up to 
100 feet (30.5 m) of lagoonal and associated facies at the 
western end of the study area. In this landward direction 
an earlier cycle of peat deposition represented by the A 
coal zone lies directly over the Rollins Sandstone and 
thickens in a landward (westward) direction. The total coal 
thickness of the B coal zone averages 12 feet (3.7 m), where 
it directly overlies the Rollins Sandstone in the seaward
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direction, to an average of 30 feet (9.1 m) 8 miles (13 km) 
to the west.

A model for the shape and extent of the thickest coal
beds is proposed that can be extended to earlier cycles of
lower delta plain deposition and used for the exploration of 
coal bed methane in the lower delta plain depositional 
setting. This model shows that the thickest coal beds are 
located adjacent to and landward of the paleoshoreline in a 
belt 6 to 8 miles (10 to 13 km) wide.

Two zones of A and B coal are up to 38 feet (12 m)
thick. They are located in a north-south trending belt in 
Townships 10 through 12 S. and Ranges 91 and 92 W. These 
thickest zones of coal are a prime area for coal bed methane 
because they coincide with the coal bed methane target areas 
of Choate, Jurich, and Saulnier (1984). The thinner, less 
areally extensive, coal beds of the Paonia shale member 
could become a secondary target for coal bed methane exploration.
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MEASURED SECTION 1
1 Sandstone, tan to buff, well sorted quartz, 

ferromagnesians and lithic grains, thin 1/4" to 
1/2" tabular tangential bedding, thin 
carbonaceous silty breaks.

Covered slope, 25 feet.
2 Sandstone, as above, tabular cross bedding and 

tangential forsets and trough cross bedded.
3 S i J tstone, carbonaceous, irregular eroded 

contact.
4 Coal, 1" thick and boney, tonstein layer up to 

3" thick, carbonaceous shale grading downward 
into coal 8-10" thick.

5 Shale, gray and carbonaceous.
6 Sandstone, tabular bedded at bottom, top part 

massive to tabular tangential, medium to fine 
grain subangular quartz with 20% lithic grains, 
calcareous and clay cement, scattered woody 
fragments, weathers to tan porous surface.

Covered slope, 78 feet.
7 Sandstone, medium to fine-grained, subangular 

quartz, clay-rich calcareous cement, planar 
tangential foreset cross bedding 8-10" high, 
scattered clay rip-up clasts 1/2-2" diameter.

* approximate footage above Rollins Sandstone.
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MEASURED SECTION 2
1 Sandstone, very fine grained, very indurated, gray to olive green, heavily rooted at top, thin Ï1/4-1/2") slightly undulating bedding partings.2 Shale, gray, carbonaceous.3 Sandstone, gray to olive green, very fine grained, well indurated, scoured bottom contact with >8" relief.4 Shale, gray with scattered coaly debris.5 Sandstone, very fine grained, gray with caroonaceous streaks.
Covered slope, 4 feet.
6 Shale, dark gray, abundant coaly fragments.7 Siltstone, very thin bedded, shaley, heavy calcareous cement.8 Sandstone, light tannish gray, medium to fine- grameo, subangular, well sorted, subangular, quartz, lithic grains, calcareous cement with minor authigenic clay, massive, convoluted bedding, grain size fines upward, flaggy bedded at top 2 feet with grain size decrease, grades upward into silty sandstone.
Covered slope, 53 feet.
9 Sandstone, grayish tan, medium-grained quartz with terromagnesian and lithic grains, low angle tabular to tangential cross bed foresets.
Covered slope, 43 feet.
10 Shale, gray to rusty, interbedded with gray to olive green si 1tstone, ironstone concretions locally, si 1tstones lens-shaped and discontinuous.11 Sandstone, tan to gray, medium-grained, well sorted, subangular quartz, calcareous cement with white clay, trough cross bedded with 1-3" clay pebbles along bedding planes, 1 foot-thick greenish gray si1tstone parting.12 Shale, gray, silty.13 Sandstone, as above.14 Claystone, gray.
* approximate footage above Rollins Sandstone
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FT.* LITHOLOGY UNIT
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MEASURED SECTION 2 (cont.)
15 Sandstone, very fine-grained, well sorted, calcareous cement, abundant coaly leaf imprints and woody fragments, ripple laminated, reddish brown concretionary layer at base.16 Claystone, gray.17 Siitstonë. interbedded with dark drab brown, Ijgnitic shale with abundant coalified woody plant fragments.
Covered slope, 29 feet.
18 Sandstone, very fine grained quartz, salt and pepper color, calcareous cement, minor amounts of white clay, locally abundant "coffee grounds" coal debris, tabular tangential foreset bedding 4-8" high, cherty mudstone rip-up clasts 1-3 ' diameter along bedding planes, scattered carbonaceous sandy partings along bedding planes with flute casts aligned S30E, current directions N53E, N10E, N10W.19 Shale, coaly top 4", tan to reddish orange, baked and clinkered.20 Sandstone, tan to buff, fine-grained, well sorted, subrounded, planar tabular cross bedding, current directions S46E, S34E, grain size increases upward to medium grained, shaley parting 1 foot thick, silty reddish and baked, thinly fissile, flaky.
Covered slope, 8 feet.
21 Sandstone, medium to fine-grained, quartz, baked near bottom, trough cross stratification, 6" rusty red shale parting, scoured basal contact over concretionary siltstone.22 Shale, reddish brown baked and clinkered, thinly bedded near top.
* approximate footage above Rollins Sandstone.
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MEASURED SECTION 3
1 Sandstone, tan to buff, medium to fine grained, trough cross bedded, Ophiomorpha burrows and other feeding tracks in middle part, lower part has 4" gray claystone stringer and ripple lamination.2 Shale, gray to tan-buff, interbedded with siltstone, medium-grained tan sandstone 2 feet thick with trough cross bedding in middle of shale.3 Sandstone, tan, medium to fine grained quartz, graoes to very fine grained at top, calcareous cement,- Ophiomorpha burrows, ripple laminated bedding.4 Si 1tstone, gray, interbedded with shale, ironstone concretion layer.5 Sandstone, tan to buff, fine-grained quartz, calcareous cement, trough cross bedded, current direction N5W.6 Coal, scoured upper surface, thickness 2.5 feet, grades downward into carbonaceous shale.
* approximate footage above Rollins Sandstone.
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MEASURED SECTION 4
1 Sandstone, tan to buff, medium to fine- grained, trough cross bedded to massive, silty clay drape partings 6" to 6 ' apart and 1-4" thick, cross bedding becomes tabular tangential at top.
2 Coal, 1' thick grading to boney ashy claystone.3 Shàle, siltstone interbeds, shale carbonaceous near top, siltstone thickens coalesce to the west along outcrop, silty shale concretions and caroonized plant material.4 Shale, dark brown.5 Sandstone, tan to buff, very fine-grained quartz, ripple laminated at bottom, abundant shale partings 1-6" thick, common coalified plant material.
6 Siltstone, gray-brown, grades downward into carbonaceous shale.
7 Coal, D bed (Oliver bed), 8 ' thick, 2" layer containing abundant rosin weathers out as distinct layer 1.5' below top, boney layer 4" thick 5.3' from top.
* approximate footage above Rollins Sandstone
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MEASURED SECTION 5
1 Sandstone, gray to tan, medium grained quartz, angular to subangular, well sorted, abundant terromagnesian minerals, lithic and kaolinized grains also present, tabular tangential foresets , herringbone cross bedding, predominately clay cemented, cross bedding bimodal current directions as follows : N25E, S45E.
Covered slope, 142 feet.
2 Shale, reddish gray,baked and clinkered, becoming sandier at top of unit.3 Shale, gray, up to 10" bands of hard red clinker scattered throughout unit.4 Sandstone. reddish stained, very fine-grained, ripple laminated.5 Shale, braked red at bottom, interbedded with siltstone.6 Coal, uneven bedded, 4" thick, bright and crumoly.7 Shale, black, fissile, heavily carbonaceous.8 Snaie, gray, interbedded with siltstone.9 Sandstone, gray, very fine-grained, ripple laminated, interbedded with gray shale and hard baked claystone.
* approximate footage above Rollins Sandstone
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MEASURED SECTION 6
1 Sandstone, tan, very fine-grained, reddish- purple claystone and siltstone nodules at bottom of unit.2 Shale, gray.3 Sandstone, tan, medium fine-grained, quartz and lithic grains, calcareous cement, poorly preserved tabular cross bedding, ripple laminated, root structures at top of unit, grades upward into siltstone.4 Claystone, gray, carbonaceous, 0.5" coal layer.5 Sandstone, grayish tan, fine-grained, ripple laminated.6 Shale, gray, 1.0" coal layer, grades downward into carbonaceous shale.7 Sandstone, buff to tan, ripple laminated, fine- gramed, anguiar to subangular quartz, slightly carbonaceous at sharp basal contact, lenticular shaped.8 Shale, gray, carbonaceous, 1-2" coal seam in upper part, reddish-orange nodular concretion layer at bottom.9 Claystone, gray, slightly carbonaceous.
Covered slope, 5 feet.
10 Sandstone, tan to buff, trough cross to tabular bedding, medium to fine-grained, quartz, black minerals and lithic grains, white clay grains, angular to subangular, well sorted, calcareous cement, locally abundant claystone rip-up pebbles, sharp basal contact.11 Coal, shaley, 0.5' thick.12 Claystone, gray, carbonaceous, exhumed paleosol consisting of 6" red crumbly siltstone at base of unit.13 Sandstone, tan to buff, trough cross to planar tabular bedding near base, Ophiomorpha 8' above base in tabular cross bedding,herringbone cross bedding 20T above base.14 Claystone, gray, carbonaceous, sharp contact with aoove sandstone unit, scattered reddish concretions of siderite 6-8" dia.
* approximate footage above Rollins Sandstone
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MEASURED SECTION 7
1 Sandstone, tan to buff, planar tabular cross bedding, ripple laminated, fine to medium- grained top and bottom contacts not exposed.
Covered slope, 45 feet.
2 Sandstone, tan to gray, ripple laminated, very fine-grain, well sorted, carbonaceous.3 Shale, gray, interbedded with claystone and siltstone, tan to gray sandstone intervals thicken and become more numerous towards top of unit, sandstone units heavily bioturbated and rippled with scoured bases.
Covered slope, 16 feet.
4 Siltstone, gray, carbonaceous and shaley.5 Sandstone, gray, ripple laminated, very fine- grain, oecoming increasingly hematite stained near top of unit.6 Shale, gray, silty.
* approximate footage above Rollins Sandstone
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Sandstone, tan to buff, very fine-grain, ripple laminated, sharp basal contact.Claystone, brown.Sandstone, tan to buff, very fine-grain, convoluted bedding, coalified plant debris, silty partings in convoluted part 1" thick. Siltstone, gray, interbedded with brown ciaystone.Sandstone, tan to gray, ripple laminated, convoluted, scattered coalified plant material, ciaystone rip-up clasts at base of unit.Shale, brown, interbedded with gray to brown siltstone.Sandstone, brown, very fine-grain, ripple laminated, convoluted structures, overall unit is lenticular shaped.Shale, brown, abundant coalified plant material, 
Becoming siltier towards top of unit.9 Shale, red, baked to clinker, thin siltstone and sandstone interbeds.10 Sandstone, gray, very fine-grain, plant imprints on upper surface, calcareous cement, well indurated.

Covered slope, 8 feet.
11 Sandstone, tan to gray, tabular tangential cross Bedding to trough cross beds, current directions N43E, N80E, "salt and pepper" mineralogy consisting of quartz, white colored clay, and black grains, sharp basal contact.12 Shale, gray, interbedded with ripple laminated sTTtstone and sandstone, siderite concretion layer at top of unit.
* approximate footage above Rollins Sandstone
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MEASURED SECTION 9
1 Sandstone, gray, trough cross bedded, shale or clay partings with scattered thin coal lenses.2 Sandstone, tan to gray, tabular to very low angle cross bedding, medium fine-grain, well sorted, numerous 1-4" siltstone and ciaystone partings near middle of unit.3 Sandstone, trough cross bedded, current directions N30E, S88W, very fine-grain, Ophiomorpha, scattered shale partings, biocuroacion tracks, burrows, and ripple laminated at base of unit.
Covered slope, 50 feet.
4 Sandstone, tan, large scale trough cross bedding very fine grain, bidirectional crossmaximum b beds N75E, S50W.5 Sandstone, tan to buff, low angle tabular tangential cross bed sets, very fine grain, well sorted quartz, 4" gray shale parting pinches out to the west, bedding becomes more horizontal with numerous thin shale partings towards upper part of unit along with convoluted bedding, basal contact gradational.6 Siltstone, tan to buff, grades upward into very fme-gram sandstone, locally carbonaceous, bed partings 1-18".
* approximate footage above Rollins Sandstone
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MEASURED SECTION 10

1 Sandstone, tan, horizontal bedding with 6-24" shale partings, very fine-grain, individual sandstone intervals 3-10' thick.2 Sandstone, tan, trough cross bedding, Ophiomorpha, scattered coaly debris and siderite concretions, current directions N20E, N10E, grades upward from very fine to medium fine- grain, low angle trough cross bedding to horizontal bedding at gradational base.3 Siltstone, gray, mteroedded with shale and very fine-grain sandstone, sandstone units increase in abundance and thickness upwards, tops of siltstones heavily bioturbated and ripple laminated,Thalassinoides.
* approximate footage above Rollins Sandstone



T - 3 7 4 3 1 19

A P P E N D I X   B  

C O R E   D E S C R I P T I O N S  

( see   P l a t e   1   for   e x p l a i n a t i o n   of   s y m b o l s )



T-3743 120

FT.* LITHOLOGY UNIT
NO. DESCRIPTION

476-

474-

472-

470-

463-

466-

464-

462-

460-

//////

"XT

SOMERSET-1/ Core 1
1 Siltstone, convoluted bedding.
2 Shale, carbonaceous.
3 Coal, 13 cm thick, dull, abundant 2 mm thick layers of vitrain.
4 Shale, gray, calcareous, carbonaceous, thin coal layers, 2-3" interbedded ciaystone intervals.
5 Siltstone, gray, calcareous, interbedded with ciaystone and shale, plant remains, convoluted bedding in siltstone.
* approximate footage above Rollins Sandstone.
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SOMERSET-1, Core 2
1 Coal, 0.5 feet thick.
2 Shale. carbonaceous, root mottled and convoluted.
3 Siltstone, gray.
4 Shale, very dark gray, oyster shell coquinas and scattered shells, carbonaceous.
5 Siltstone, light to dark gray, carbonaceous, ripple laminated, convoluted bedding, plant debris.

SOMERSET-1, Core 3
6 Shale, dark gray, silty, scattered thin coal layers, calcareous.
* approximate footage above Rollins Sandstone.
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BOWIE-1, Core 1
1 Siltstone, gray, ripple laminated, oil stained interval 3" thick.
2 Shale, coaly, plant debris.
3 Siltstone. dark gray, ripple laminated.
4 Shale, gray, plant debris.
5 Siltstone, gray, carbonaceous, interbedded with mudstone, convoluted bedding, coaly plant debris.
6 Shale, slightly silty at bottom of unit grading to more clay at top.
7 Siltstone, ripple laminated, bioturbated.
8 Sandstone, very fine-grain, cross bedded, mudstone clasts 1/2" diameter.
* approximate footage above Rollins Sandstone
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BOWIE-1, Core 2
Siltstone, interbedded with very dark gray shale, convoluted bedding.
Sandstone, very fine-grain, ripple laminated siltstone at base.
Siltstone, ripple laminated, laminations 2-15 mm thick defined by graded bedding, moderate bioturbation.
Sandstone, fine-grain, ripple laminated. 
Siltstone, coaly partings.
Sandstone, low angle cross bedding, mudstone clasts, coal partings, moderate bioturbation, sharp basal contact.
Siltstone, no distinct bedding, 2-6 cm ciaystone clasts.

\ri\Z- 3 8 Shale, dark gray, carbonaceous.
9 Siltstone, ripple laminations, convolute bedding.

approximate footage above Rollins Sandstone
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POWERS FEDERAL-1, Core 1
1 Siltstone, carbonaceous, coal bands 3 mm thick, becoming more coaly towards top.
2 Sandstone, ripple laminated, coaly towards top.
3 Sandstone, parallel laminated at top, planar cross bedding in lower part, vertical fracture 13 cm long, <1 mm wide mildly undulating surface.
4 Sandstone, carbonaceous parting at base with coaly fragments.
* approximate footage above Rollins Sandstone
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POWERS FEDERAL-1, Core 2
1 Coal, streaked with hard lustrous vitrain bands 1-4mm wide.
2 Siltstone. gray to dark gray, mottled, uneven bedding, interbedded with shale.
8.5 feet of missing core.
3 Sandstone, ripple laminated, convoluted bedding at top of unit, bounded by siltstone.
4 Siltstone, parallel laminations, shale at base.
* approximate footage above Rollins Sandstone.
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