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ABSTRACT

The relative ages and stratigraphie positions of the major coal beds in the 

Coalmont Formation are not well understood due to the lenticular nature of the coal beds 

and the structural complexity of North Park. To address this problem, stratigraphie 

sections of the Coalmont Formation containing major coal beds were measured and 

sampled at key intervals for dating purposes. Once processed, the relative ages of pollen- 

bearing samples were determined by comparing the palynomorphic assemblages present 

in each sample to guide pollen assemblages used to define the Rocky Mountain region time 

scale. The palynomorph and stratigraphie data were then used to establish relative age 

relationships of the major coal beds contained in the Coalmont Formation.

The middle member of the Coalmont Formation consists of conglomerate, 

conglomeratic sandstone, sandstone, siltstone, claystone, carbonaceous shale, and coal.

The lithologie character of the middle member In southwestern North Park is dominated 

by sandstone, with a sandstone to shale ratio of 2.21. Only sparse amounts of coal occur 

in the member in this part of the basin. In contrast, the middle member of eastern 

North Park was found to be dominated by mudstones and shales with a sandstone to shale 

ratio of 0.28. Major coal beds occur in the middle member in eastern North Park. The 

difference in sandstone to shale ratios and amounts of coal indicate that there were likely 

two or more types of fluvial systems active during deposition of the middle member. The 

middle member in eastern North Park has been interpreted as being deposited in an 

anastomosed fluvial system, while the middle member in southwestern North Park was 

deposited in a braided fluvial system. The coal beds were likely deposited in peat- 

forming swamps that had minimal amounts of clastic sediment influx.
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The upper member of the Coalmont Formation consists of sandstone, claystone, 

mudstone, carbonaceous shale, and coal. The upper member has been interpreted as 

having been deposited in a meandering fluvial system. The coal beds were likely 

deposited in peat-forming swamps with very little influx of clastic sedimentation.

Palynomorph assemblages indicate a middle Paleocene age for the Sudduth coal 

bed of the middle member in eastern North Park and a late Paleocene age for the Capron 

coal beds. The Sudduth coal beds are the oldest to crop out in the basin. The Capron coal 

beds are approximately equivalent in age to the two thin coal beds of the middle member 

exposed along Grizzly Creek in southwestern North Park. The age of the entire middle 

member in North Park is middle Paleocene to early Eocene. Palynomorph assemblages 

indicate an age of early Eocene for the entire upper member, including the lower part 

which contains all of the coal beds that occur in this member. The youngest known coal 

bed to crop out in the basin is the early Eocene Riach coal bed.

The geographic locations and relative age differences of the major coal beds in 

North Park and the stratigraphie character of the middle and upper members indicate a 

shift of the basin depocenter during deposition of the Coalmont Formation. The 

depocenter of the basin was located in eastern North Park during the middle and late 

Paleocene when the Sudduth and Capron coal beds were deposited. In the early Eocene 

time, basement block faulting or tilting of the basin probably caused the depocenter to 

shift to southwestern North Park where the major coals of the upper member were 

deposited.
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INTRODUCTION

This study of the coal-bearing members of the Coalmont Formation, North Park 

basin, Jackson County, Colorado, was conducted as a thesis for the degree of master of 

science. The purpose of the thesis was to determine the relative ages of the major coal 

beds of the Coalmont Formation by palynological methods. Objectives included 

documentation of the stratigraphie positions of sample localities and the description of 

stratigraphie intervals containing major coal beds.

The relative ages and positions of the major coal beds that occur within the 

Coalmont Formation are not well understood due to the lenticular nature of the coals and 

extensive faulting throughout the basin. Preliminary work done in the basin has 

indicated that the major coal beds of the southwest part of the basin differ in age from 

the coals of the east side of the basin (Newman, 1979, unpublished). These age 

differences need to be documented.
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Geography

The research area of this thesis includes the eastern and western parts of the 

North Park Basin (fig. 1). North Park Basin, located in Jackson County, north-central 

Colorado, is a large structural and topographic basin, approximately thirty miles (48.3 

km) wide east-west by forty miles (64.4 km) long north-south. The basin is almost 

entirely surrounded by mountains. The Park Range defines the western border of the 

basin. The Independence Mountain Thrust defines the northern border of North Park. 

The Colorado Front Range and the Medicine Bow Range bound the basin to the east. The 

southern limit is defined by the Rabbit Ears Range.

North Park Basin is located entirely within the limits of Jackson County, 

Colorado. Walden is the largest town in Jackson County and serves as the county seat for 

Jackson County.
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Previous Work

The earliest geologic work in North Park was conducted by geologists of the King 

and Hayden Surveys in the late 1860's and 1870's. The rapid reconnaissances made 

during this period resulted in the first documented reports on the occurrence of coal 

beds in the area. Other reports that address the coal resources of North Park have been 

made available since these early works. Beekly (1915) made a reconnaissance study of 

the geology and coal resources of North Park and published a report including a geologic 

map at a scale of 1:125,000. Erdmann (1941) described the major coal deposits 

located near the town of Coalmont in southwestern North Park.

An unpublished report was prepared by Adams (1976) addressing the geology of 

North Park with an emphasis on the coal resources. The report included reserve 

estimates for the Sudduth and Riach coal zones of the Coalmont Formation. The Colorado 

Geological Survey has published several other reports on the coal resources and 

classification of the North Park coal beds (Hornbaker and Holt, 1973; Boreck and 

others, 1977; Khalsa and Ladwig, 1981). The results of exploratory drilling by the 

U.S. Geological Survey in the McCallum and Coalmont coal fields to evaluate the Sudduth, 

Capron, and Riach coal beds of the Coalmont Formation have been reported by Madden 

(1977a and 1977b).

A number of reports have addressed the hydrocarbon potential of various parts of 

North Park. Marr (1931) assessed the geology and hydrocarbon potential of the Pole 

Mountain-Buffalo Creek structure. Severy and Thompson (1953) summarized the 

stratigraphy in the Coalmont area in light of hydrocarbon potential, and also provided a 

structure contour map for the top of the Riach coal bed. Henkes (1957) also discussed
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the geology and hydrocarbon potential of the Coalmont area, as well as the coal resources 

there. Sims and Goth (1953) and Carpen (1957a, 1957b) described the geology and 

development history of the McCallum Field which is located in eastern North Park.

The structural geology of North Park has been the subject of a number of reports. 

The geology of the Sheep Mountain-Delaney Butte area was addressed by Welsh (1953), 

with an emphasis on structure. A similar report that summarized the structural geology 

of this same area by Boos (1957) illustrated the high angle thrust faults associated with 

the anticlinal features by a series of cross sections. Mark (1958) discussed the effects 

of structure on drainage patterns in the Illinois River- Buffalo Creek area of North 

Park. Walters (1957) discussed the stratigraphy and structure of the Independence 

Mountain area which defines the north limit of North Park. He estimated that the 

Independence Mountain Thrust Fault had approximately 10,000 ft (3,280 m) of 

stratigraphie displacement associated with it. The geology of the Independence Mountain 

Thrust Fault was also the subject of a report by Blackstone (1977), who concluded that 

the fault was a low-angle thrust fault that had undergone rotational movement.

A geophysical study by Behrendt and Others (1969) in North Park, which 

included Bouger anomaly and magnetic intensity maps, interpreted the deepest part of 

the basin to occur just south of the Spring Creek Fault Zone.

Papers by Wellborn (1977, 1978) discussed the structural style of the North 

Park. A series of structure contour maps for some of the producing fields and 

nonproducing anticlinal structures illustrated his conclusion that most hydrocarbon 

production in the basin was contained in thrusted anticlinal folds. A seismic line that 

extended southwest to northeast across the northern end of North Park was included in a
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report by Lange and Wellborn (1985). The report discussed the complex structure of 

the basin, and the effective use of seismic data in hydrocarbon exploration in North 

Park.

A number of reports addressed the stratigraphy of the Coalmont Formation. Hail 

and Leopold (1960) assigned an age of Paleocene to the lower part of the Coalmont 

Formation and an age of Eocene for the upper part of the formation, based on 

palynomorphs. Reports by Hail (1965 and 1968) described the stratigraphy of the 

northwestern and southwestern parts of North Park. These reports included a series of 

geologic maps at scales of 1:24,000 for western North Park. . Hail (1968) discussed in 

detail the coal beds of the upper member of the Coalmont Formation in the Coalmont, Pole 

Mountain, and Mexican Ridge areas. He reported that the coals were stratigraphically 

located in the lower part of the upper member. Hendricks (1977 and 1978) discussed 

the stratigraphy of the Coalmont Formation and the geology of southwestern North Park. 

He assigned an age of late Paleocene to early Eocene for the middle member and early 

Eocene for the upper member, based on palynomorphs. An age of early Eocene for the 

upper member of the Coalmont Formation was also reported by Wilson (1981), based on 

fish fossils.

A detailed sedimentological study of sandstones in the Coalmont Formation 

conducted by Flores (1988, 1990) identified and interpreted some units as Gilbert- 

type deltas, based on sedimentological properties, the nature of facies of contributing 

fluvial systems, and their site of deposition. The deltaic features were reported to grade 

laterally into fluvially deposited and lacustrine sediments. A stratigraphie study of the 

Coalmont Formation by Roberts and Flores (1988) concluded that a shift in the basin
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depocenter from eastern to southwestern North Park occurred in the Eocene, based on 

the distribution of economic coals and interpretations of the fluvial depositional systems.

Methods of Study

Twelve stratigraphie sections of parts of the coal-bearing middle and upper 

members of the Coalmont Formation were measured by tape, Brunton compass and Jacob 

staff throughout North Park. The occurrence of coal and the quality of outcrop exposure 

served as the determining factors in selecting sites for measurement.

The best exposures were found along road cuts, stream banks, and strip mine 

sites because of the non-resistant nature of the Coalmont Formation. The location of each 

measured section is shown in figure 1 and described in Table 1. Detailed descriptions of 

the rock units for each measured section were made to document sample localities and 

also to assist in the interpretation of depositional environments. The nomenclature used 

in describing sedimentary features follows that of McKee and Weir (1953). Grain size 

descriptions follow terminology established by Wentworth (1922).

Samples of shales and coals were collected at various stratigraphie intervals for 

the purpose of determining relative ages by means of palynology. The samples were 

processed in the laboratory for palynomorphs. Microscope slides were prepared from 

pollen- and spore- bearing residues. The slides were then examined for Paleocene and 

Eocene guide pollen. The relative ages were then established using existing pollen 

zonations for the Rocky Mountain region (Newman, 1974, 1980).
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Table 1. Spot location descriptions for measured sections 
of parts of the Coalmont Formation.

MEASURED . SECTION MEMBER MEASURED L O C A T IO N

A. Kerr mine partial section middle nwsw sec 2, T8N, R78W

B. Sudduth mine partial section middle nwsw sec 1 5, T9N, R78W

C. Capron mine partial section middle swse sec 19, T9N, R78W

D. Capron SE partial section middle sese sec 29, T9N, R78W

Diamond "J" extended partial section

E. North middle sese sec 32, T10N, R79W

F. Middle middle nene sec 5, T9N, R79W

G. South middle nwsw sec 4, T9N, R79W

H. Delaney Butte partial section middle swne sec 33, T9N, R80W

I. Delaney Butte west partial section middle nenw sec 6, T8N, R80W

J. Sheep Mountain partial section middle swne sec 8, T9N, R81W

Grizzly Creek extended partial section

K. North middle sesw sec 33, T6N, R81W

L  Middle middle nene sec 5, T5N, R81W

M. South middle sene sec 5, T5N, R81W

N. Coalmont partial section upper swsw sec 24, T7N, R81W

0. Coalmont road cut partial section upper sene sec 14, T7N, R81W

P. Mexican Ridge partial section upper nesw sec 9, T6N, R81W
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GEOLOGIC SETTING

North Park is a large intermontane basin that makes up the northern segment of 

the North Park-Middle Park structural basin. North Park is divided from Middle Park 

by the Rabbit Ears middle and late Tertiary volcanics. North Park is bounded on the west 

by the anticlinal Park Range, on the north by the Independence Mountain thrust fault, 

and on the east by the Medicine Bow Range and the Front Range. The Rabbit Ears Range 

defines the southern boundary of the basin.

Tectonic Setting

The North Park-Middle Park structural basin formed during the 

Laramide orogeny, during which the Park Range and Front Range were uplifted while the 

North Park-Middle Park structural sag existed between the two uplifts (Behrendt and 

Others, 1969). The structural basin was divided into the North Park and Middle Park 

basin by the development and emplacement of the Rabbit Ears Range during the Oligocene 

to late Miocene (Hail, 1968). North Park basin has undergone several stages of 

Laramide deformation, resulting in a structurally complex basin with abundant folding 

and faulting.

Early tectonic activity of the Laramide orogeny subjected North Park basin to 

folding and faulting before the Paleocene-Eocene Coalmont Formation was deposited 

(Hail, 1965). Another stage of tectonism occurred during probable late Eocene time, 

resulting in large open folds and north and northwest trending thrust faults (Wellborn, 

1977). The major structural features that have resulted from the various stages of
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Laramide tectonism include broad synclines, tightly folded anticlines, and thrust faults. 

The major structural features of North Park basin are illustrated on figure 2.

Located in the northwestern part of the basin is the Central Thrust-Fault Belt 

(Hail, 1965). This feature consists of a series of mostly high-angle, east-dipping 

north to northwest striking thrust faults. The majority of these features are faulted 

anticlines that have thrusted Precambrian rocks over younger sediments. These faulted 

folds include Boettcher Lake, Delaney Butte, and Sheep Mountain anticlines. The folding 

and thrust faulting are thought to have begun before the deposition of the Coalmont 

formation and may have been reactivated in post-Coalmont time (Hail, 1965).

North Park basin is bounded on the north by the Independence Mountain thrust 

fault. The fault is interpreted by Blackstone (1977) as a low-angle thrust fault with 

rotational movement. The hanging wall is interpreted to have rotated approximately 10 

degrees at the west end of the fault from a hinge point located at the eastern termination 

of the fault. Blackstone (1977) has estimated maximum slip displacement that has 

thrusted Precambrian rocks southward over Tertiary sediments to be approximately 4.5 

miles (7.3 km) on the western end of the fault. The age of the Independence Mountain 

thrust is pre-Oligocene (Hail, 1965).

The Walden and North Park synclines are the most conspicuous structural 

features in the central and north-central part of North Park basin. The two synclines 

are separated by the Spring Creek Fault Zone. The Walden syncline trends north- 

northwest and south- southeast for a distance of approximately 20 miles (32.2 km) and 

is a northerly extension of the synclinal axis of the North Park-Middle Park structural 

basin. The North Park syncline is a narrow fold trending west-northwest to east-
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southeast for an estimated length of 18 to 20 miles (29.0 to 32.2 km). The Spring 

Creek Fault Zone consists of a series of northwest-southeast trending vertical faults that 

have up to 2 kilometers (1.2 mi) of displacement. Behrendt and Others (1969) have 

determined that the deepest part of the basin occurs just south of this fault zone. All 

three structural features are post-Miocene in age, as indicated by the deformation of the 

Miocene North Park Formation associated with these features (Behrendt and Others,

1 9 6 9 ) .

Normal faulting is common throughout the basin with vertical displacements on 

the order of up to 500 feet (152.4 m). The normal faults in southwestern North Park 

have a general north-northwest strike and are thought to be of Eocene age or younger 

(Hail, 1968). The normal faulting has made correlation of the major coal beds of the 

Coalmont Formation very difficult to impossible throughout the basin.

Stratigraphie Section

The sedimentary rocks in North Park basin range from Permo-Triassic to 

Quaternary in age and have an aggregate thickness of over 16,000 feet (4,876.8 m) 

(Hail, 1965). These rocks unconformably overlie Precambrian basement rocks. Rocks 

older than Late Permian have been stripped away or were never deposited. In general, 

the pre-Tertiary rocks have an onlapping relationship with Precambrian basement 

rocks from north to south across the basin. Table 2 summarizes the pre-Quaternary 

stratigraphie section of North Park basin.

The oldest known sedimentary rocks in the basin are red beds that belong to the 

Permo-Triassic Chugwater Formation. The Chugwater Formation is unconformably
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Table 2. Generalized stratigraphie section of pre-Quaternary 
rocks for the North Park Basin, Jackson County, Colorado 
(after Hail, 1968).___________________ ___

AGE FORMATION DESCRIPTION OF ROCKS THICKNESS (Ft.)

<i> N o r th  P ark  F o rm a t io n Calcareous sandstone, conglomerate, con 0-80

U
g lom erat ic  sandstone, limestone, siltstone,

O

r
volcanic ash.

• W h ite  R iv e r  Formation Brown to gray claystone, s i l ts to n e ,  sand 230
u
o II stone.

o C oa lm on t F o rm a t io n Upper member-carbonaceous shale, a rkos- o -

o
o

co
u
0

LU
1

<L>
C
O
uo
o

TO
Cl

ic sandstone, claystone, mudstone,carbon
aceous shale, and len t icu la r  coal: Middle 
member-conglomerate, conglomeratic sand
stone, claystone, mudstone, carbonaceous 
shale, and coal: Middle Park m em ber-con 
glomerate, sandstone, claystone, mudstone.

12,000

P ie r re  Sha le Sandy upper un i t  of calcareous sandstone, 
s i l ts tone ,  and shale: Shaley lower un i t  of 
silty-sandy shale, s i l ts tone ,  and claystone.

o -

5,000

N io b ra ra  Formation Calcareous shale, shaly l imestone, and 700-
CO
z>

f in e ly  granular limestone. 800
o
u
TO Benton Shale Codell Sandstone member-sandstone and 420-
o l imestone: Middle Shale-dark marine 500

<_>
o

u shale: Mowry Shale m e m b e r -s i l t y  shale.

o
CO
<L>

r
Dakota Sandstone Upper member-carbonaceous sandstone, 140-

shale, c laystone, s i l ts tone :  Lower 
member-sandstone, conglomeratic  sand
stone,claystone, and s i l ts tone .

200

M o r r is o n  F o r m a t io n Gray, green, red c laystone, ca lcareous 340-
to
V iTO

sandstone, s i l ts tone ,  shale, limestone. 500

3!
~>

Sundance Formation Upper mem ber-g laucon it ic  sandstone, s i l t -  
s tone, shale: Low er m em ber-g ray , orange.

93-
CO 224
TO
t_

I—

and pink sandstone.

o
d* ( _)

I
O

E C h u g w a te r  F o rm a t io n Interbedded calcareous red sandstone, o -

ro o 
C l  rsi <DCL s i l ts tone , and shale 700

Precamb.
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overlain by the Jurassic Sundance Formation which consists of marine sandstones and 

shales. The Upper Jurassic Morrison Formation is a nonmarine sequence that 

conformably overlies the Sundance Formation. The Morrison Formation is characterized 

by calcareous sandstone, siltstone, claystone, shale, and limestone. Up to 1,400 feet 

(426 m) of pre-Cretaceous rocks are present in North Park basin (Hail, 1965).

The Cretaceous system consists predominately marine sandstones, shales, and 

limestones for an approximate aggregate thickness of up to 6,500 feet (1981 m) in 

North Park basin. The lowermost Cretaceous unit is the Dakota Sandstone which 

unconformably overlies the Jurassic Morrison Formation.

The Benton Shale conformably overlies the Dakota Sandstone and conformably 

underlies the Niobrara Formation. The Pierre Shale is conformable with the underlying 

Niobrara Formation and is the uppermost unit of the Cretaceous system. An 

unconformity separates the Cretaceous rocks from the Tertiary rocks of the basin.

The oldest Tertiary rocks in the basin belong to the Coalmont Formation, which 

is Paleocene to Eocene in age. The Early Oligocene White River Formation 

unconformably overlies the Coalmont Formation (Montagne and Barnes, 1957). 

Unconformably overlying the White River Formation is the North Park Formation which 

is Late Miocene in age (Hail and Lewis, 1960). The three Tertiary units mentioned have 

an aggregate thickness of up to 12,500 feet (3,810 m) in the basin (Hail, 1965).

Tertiary igneous rocks known as the Rabbit Ears Volcanics occur as shallow 

dikes, sills, plugs, flows, volcanic breccia, and ash throughout the southern segment of 

North Park basin. The age of these igneous rocks is Oligocene to Late Miocene or Pliocene 

(Hail, 1968). These igneous rocks make up most of the Rabbit Ears Range which defines
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the southern limit of the basin.

Glacial till of three glaciations, outwash and terrace gravels, and alluvial-fan and 

pediment gravels of Pliocene age also are found in North Park basin (Hail, 1965).
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COALMONT FORMATION STRATIGRAPHY

The earliest reference to the Tertiary strata of North Park basin was by Hayden 

(1868), who referred to the Tertiary beds in southern North Park as the Laramie or 

Lignitic. These beds included strata known today as the Coalmont Formation. Marvine 

(1874) applied the name Lignitic Formation to these strata. The Tertiary strata of 

North Park were later believed to correlate with the Laramie Formation and were named 

the Laramie in southern North Park and in Middle Park (Hayden, 1876).

Cross (1892) determined that Hayden's Laramie Formation in Middle Park did 

not correlate with the Laramie Formation elsewhere and renamed these beds the Middle 

Park Formation. It is thought that Cross had intended that the name Middle Park 

Formation be applied to equivalent strata in North Park. However, Beekly (1915) 

applied the name Coalmont Formation for the Middle Park Formation equivalent in North 

Park.

The name Coalmont Formation was applied by Beekly (1915) to all strata in 

North Park that unconformably overlie the Cretaceous Pierre Shale and are overlain by 

the Miocene North Park Formation. Hail (1968) divided the Coalmont Formation into 

three members based on lithologie and paléontologie data for southwestern North Park. 

The name Middle Park Member was applied to the lowermost member of the Coalmont 

Formation. The two overlying members were referred to as the middle and upper 

members, respectively.

The Coalmont Formation is generally nonresistant and forms lowlands, flatlands, 

and slopes where it outcrops in North Park (Hail, 1968). The formation consists of
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nonmarine sandstone, conglomerate, ciaystone, mudstone, carbonaceous shale, and coal. 

Well-cemented sandstone beds occur locally within the Coalmont Formation throughout 

the basin and form resistant cliffs, ridges, and hogbacks. The Coalmont Formation is 

extensively exposed throughout much of North Park with exceptions in areas of 

Quaternary valley-fill cover and basin margins. The maximum thickness of the 

Coalmont Formation in North Park has been estimated to be approximately 12,000 feet 

(3657 m) (Hail, 1968).

The purpose of this section is not to describe and interpret the depositional 

environments of the entire stratigraphie section of the middle and upper members of the 

Coalmont Formation, but rather to address the stratigraphie intervals that contain major 

coal beds in order to document the stratigraphie positions of sample localities used to 

establish the relative ages of the major coal beds. The measured stratigraphie sections 

and field data contained in this report are all from parts of the coal-bearing middle and 

upper members, and are contained in the appendix. No field data were taken for the coal- 

barren Middle Park Member.

Middle Park Member

The Middle Park Member of the Coalmont Formation was differentiated from the 

middle member on the basis of the presence of volcanic pebble beds, which are limited to 

the Middle Park Member (Hail, 1968). The Middle Park Member consists of arkosic 

sandstone, conglomeratic sandstone, volcanic pebble conglomerate, sandy ciaystone and 

mudstone, and sparse carbonaceous shale. No coal beds have been reported to occur in 

this member.
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The maximum thickness of this member is approximately 600 feet (182 m) 

and it thins to zero where overlapped by the middle member of the Coalmont formation

(Hail, 1968). Thickness variation of this member is partly due to the absence of basal

beds on an irregular surface cut into the Pierre Shale. The Middle Park Member out 

crops in southern North Park, but thins northward until it is absent in northern North

Park. This member was tenatively assigned an age of Paleocene by Hail (1968).

Middle Member

General features. The middle member of the Coalmont Formation unconformably 

overlies the Pierre Shale in areas where the Middle Park Member is absent in North 

Park (Hail, 1968). In general, the middle member consists of conglomerate, 

conglomeratic sandstone, sandstone, siltstone, ciaystone, mudstone, carbonaceous shale, 

and coal. The middle member of the Coalmont Formation was estimated to have a possible 

maximum aggregate thickness of 6,000 feet (1,829 m) in the southwestern part of 

North Park (Hail, 1968).

Measured sections and descriptions. Most of the partial sections of the middle 

member were measured for stratigraphie intervals containing coal beds (Fig. 1, Table 1, 

Appendix A). The sections measured on the east side of North Park included stratigraphie 

intervals containing the Sudduth coal bed, the Upper Capron (Upper Winscom) coal bed, 

and the Lower Capron (Lower Winscom) coal bed. Measured partial stratigraphie 

sections of the middle member for the southwest side of the basin included intervals 

containing two thin coal beds exposed near the confluence of Grizzly Creek and Colorado 

Creek ( sec. 4 and 5, T.5 N., R.81 W.; sec. 33, T.6 N., R.81 W.).
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The measured partial sections from the middle member of North Park were 

divided into a total of four facies (labeled below by letters A,B,C, and D), based on 

lithology, grain size, and primary sedimentary structures. Depositional environments 

were then interpreted for each facies. The facies descriptions and environmental 

interpretations are summarized below.

Facies and depositional environments. Facies A was defined as consisting of 

sandstone (conglomeratic in many cases) and interbedded conglomerate which can be up 

to 2 ft (0.6 m) thick. Grain sizes range from very coarse to very fine grained sand. 

Stratigraphie units of this facies are characterized by overall fining upward trends of 

grain sizes, and a general decrease in size and frequency of conglomeratic clasts toward 

the top. The sandstones are typically poorly sorted and contain subangular to subrounded 

grains. The conglomerate and conglomeratic intervals contain subround to subangular 

clasts of predominantly granitic rock fragments, quartz, and orthoclase feldspar up to 6 

in (15 cm) in length. Angular clasts of mudstone and coaly material can typically be 

found near the basal part of this facies. Resistant calcite-cemented intervals occur 

locally in these units. Total thicknesses of intervals comprised of this facies can be as 

great as 131 ft (40 m) (refer to Delaney Butte Partial Section in Appendix A).

Dominant primary sedimentary features observed in Facies A included trough 

cross-bedding (Fig. 3) and massive-bedding. Numerous scoured surfaces are associated 

with the trough cross-stratified and massive units in outcrops of this facies on the west 

side of North Park. The conglomerates generally have sharply defined scoured bases. The 

uppermost part of this facies is sometimes characterized by current ripple- to parallel- 

lamination and massive-bedding, and generally on the order of several feet (0.6 m) in
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thickness to as much as 8 ft (2.4 m). In general, the bases of Facies A are in erosional 

contact with underlying rocks of different facies (Fig. 4), while the upper contacts are 

typically gradational with overlying units.

The sediments of facies A are interpreted as active channel-fill of a fluvial 

system, based on the overall fining upward trends in grain sizes, cross-bedding, and 

scoured surfaces associated with the basal contacts. The abundance of trough cross

bedding indicates that the dominant bedforms during deposition of this facies were three- 

dimensional dunes migrating along channel floors. No conclusions can be made on the 

type of fluvial system responsible for deposition of this facies; however, a marked 

contrast of sand to shale ratios observed between the sediments of the middle member of 

the east side and western side of North Park Basin, as well as the occurrence of thick coal 

beds, can be used to make some broad generalizations.

The middle member of the east side has a lower sandstone to shale ratio of 0.28 

(sand/shale) overall than middle member sediments of the west side which have a sand 

shale ratio of 2.21 (sand/ shale). These ratios were calculated by summing up the total 

thicknesses of the sandstones and conglomerate in the measured sections and dividing by 

the total thicknesses of the remaining lithologies for both sides of the basin. The 

difference in these ratios suggests that there were likely to have been two or more types 

of fluvial systems simultaneously active during the time of deposition of the middle 

member in North Park. Detailed stratigraphie studies on the sediments of the middle 

member on both the east and west side of the basin have indicated that anastomosed fluvial 

systems were the dominant systems in eastern North Park, while braided fluvial systems 

were dominant in western North Park (Flores, 1988 and 1990; Roberts, unpublished;
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Roberts and Flores, 1988; Hendricks, 1977). Some of the active channel-fill facies 

(Facies A) of the middle member in the southwestern part of the basin have been traced 

and interpreted to grade laterally into Gilbert-Type deltas typically encased in sediments 

thought to have been deposited in shallow lacustrine settings (Flores, 1988 and 1990).

In contrast, channel-fill facies on the east side of North Park have been reported to grade 

laterally into fine grained deposits of shales and mudstones (Roberts, unpublished). 

These interpretations are in agreement with the differences in sand-shale ratios between 

the middle member of the east and west sides.

Gray, green, and brown mudstones, claystones, and siltstones make up the 

sediments of Facies B. These units can be locally micaceous and sandy (fine to very fine 

grained sand). The units are mostly parallel- to subparallel-laminated to massive, and 

vary widely in thicknesses from less than 1 ft (0.3 m) to as much as 34 ft (10.3 m) or 

more (Fig. 4). Occurrence of carbonaceous detritus up to 4 in (10.2 cm) in length are 

common in these sediments. Sediments of Facies B locally contain ferruginous stringers 

of siltstone and ironstone concretions with diameters up to 2 ft (0.6 m). Thin stringers 

of coal typically less than 1 in (2.5 cm) thick also occur locally. These sediments have 

been interpreted as representing floodplain environments. The sediments were likely to 

have been deposited during flooding events which brought sediment onto floodplain 

environmental settings resulting in vertical accretion of sediment. Lacustrine sediments 

of shallow lakes have been interpreted to have been present in some areas of the 

floodplain settings (Flores, 1988 and 1990).

Interbedded within the sediments of Facies B are numerous, thin sandstones of 

Facies C. The sandstones are tan to gray and have grain sizes ranging from very fine to
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medium. Vertical grain size trends can be variable. These units are generally well 

sorted. The individual grains are subangular to subround in morphology. The sandstones 

can be slightly ferruginous and calcareous; however, they are typically weakly cemented 

with clay-sized material and are nonresistant and friable. Sediments of Facies C can be 

as much as 11 ft (3.3 m) in thickness, but typically less than 4 ft (1.2 m).

The dominant primary sedimentary structures that characterize Facies C include 

current ripple-, parallel- to subparallel-lamination (Fig. 5 and 6), and massive 

bedding. The individual laminae sets are generally less then 2 inches (5.1 cm) in 

thickness. Trough cross-beds were also observed in some units, as well as convolute- 

bedding. The contacts of these units vary from sharp to gradational, and are generally 

overlain and underlain by sediments of Facies B.

The sharp to gradational contacts and primary sedimentary features combined 

with containment in vertical accretion deposits suggest that the sediments of Facies C 

represent crevasse splays. The horizontal laminations likely represent upper plane-bed 

flow regimes associated with overbank flow during floodstage conditions in the related 

fluvial system. The units with trough cross-beds were likely associated with migrating 

three-dimensional dunes in small nonmarine channels likely associated with the 

proximal part of crevasse splays (crevasse channels).

Facies D consists of carbonaceous shale and coal beds. The carbonaceous shales 

are black to brown, noncalcareous, laminated, and locally contain stringers of coal with 

thicknesses of up to 6 in (15.2 cm). The thicknesses of the carbonaceous shale and coal 

and can be as great as 10.5 ft (3.2 m) and 80 ft (24.4 m), respectively (Rushworth and 

others, 1988). Some coal beds contain carbonaceous shale partings of up to 1.5 ft (0.5







T - 3 8 4 6 27

m) in thickness. The major coal beds of the middle member have been reported to be 

lenticular with variable lateral extents, grading laterally into carbonaceous shale 

(Beekly, 1915; Hendricks, 1977; Roberts, unpublished). The thickest deposits of coal 

in the middle member are in the eastern portion of North Park, whereas only minor 

amounts of coal are found in the middle member on the west side of the basin.

The coal and carbonaceous shale of Facies D are interpreted as representing 

swamp environments located in interchannel or floodplain settings. It has been reported 

that swamps that receive a high influx of sediment-bearing flood waters are commonly 

preserved as carbonaceous shales (McCabe, 1984). Coal beds represent areas that were 

not affected by channel migration and clastic influx associated with flooding events, thus 

allowing for the development of peat accumulation in swamps.

Low-lying swamps can accumulate thick, high quality peat in areas far removed 

from clastic deposition (McCabe, 1984); however, the close proximity of North Park to 

the surrounding sediment source areas and the overall sandy nature of the middle 

member have been used to suggest that these conditions were likely to have been rare 

(Roberts, unpublished). Roberts (unpublished) and Roberts and Flores (1988) have 

interpreted that the coal beds of the middle member may have been associated with raised- 

swamps which were isolated from any clastic influx because of their associated 

topographic relief.

In summary, the depositional environments of the middle member were likely 

dominated by nonmarine fluvial systems. The difference in sand to shale ratios and 

amounts of coal in the middle member of the west and east side of the basin supports 

previous interpretations that braided fluvial systems dominated sedimentation to the
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west, while anastomosed rivers were the dominant fluvial features to the east (Roberts, 

unpublished; Roberts and Flores, 1988; Flores, 1988 and 1990). The braided streams 

on the west side of North Park fed into shallow lakes that resulted in the deposition of 

Gilbert-Type deltas (Roberts and Flores, 1988). The interpreted dominance of braided 

fluvial systems in the middle member of southwestern North Park likely afforded only 

minor accumulations of peat. In contrast, the interpreted existence of an anastomosed 

fluvial system during deposition of the middle member of eastern North Park was likely 

conducive to thick development of peat in raised swamps.

Maior coal beds. Several coal beds occur within the middle member of the 

Coalmont Formation. The most important coal bed is the Sudduth bed which outcrops 

around the McCallum anticline of eastern North Park. Approximately 2,000 (609 m) 

above the Sudduth bed are the upper and lower Capron coal beds which also outcrop 

around McCallum anticline (Beekly, 1915).

The Sudduth coal bed (Fig. 7) has been reported to be as much as 80 feet (24 m) 

in thickness (Rushworth and others, 1988) and lies approximately 50 to 300 feet (15 

to 91 m) above the Pierre Shale contact on the flanks of McCallum anticline in the lower 

part of the middle member. The bed is characterized by a series of cleated, hard, black 

coal beds with thin shale partings up to 1.5 ft (0.5 m) in thickness. The coals are 

typified by conchoidal fracturing and have a shiny luster. The apparent rank of the 

Sudduth coal is predominately subbituminous A around the southern part of McCallum 

anticline (Hatch and others, 1979). Hatch also classified some parts of the Sudduth coal 

as having apparent rank of subbituminous B. Numerous thin beds of coal up to 3 feet 

(0.9 meters) thick interbedded with carbonaceous shale and mudstone occur above the
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Sudduth bed. The Sudduth coal bed has been reported to vary in thickness and grade 

laterally into carbonaceous shales (Beekly, 1915; Roberts, unpublished).

The Sudduth coal bed is areally extensive, covering approximately 140 square 

miles (363 square kilometers). A reserve estimate for the McCallum anticline area was 

reported as approximately 50,000,000 tons of minable coal (Adams, 1976).

The upper and lower Capron coal beds are possibly the youngest coals of the 

middle member on the east side on North Park, based on the stratigraphie positions of 

these units. The upper Capron coal bed is separated from the lower bed by approximately 

160 feet (50 m) of ciaystone, shale, carbonaceous shale, and minor amounts of sandstone 

at an exposure (sese, sec. 29, T.9 N., R.78 E.) approximately 1.6 miles (2.8 km) 

southeast of the Capron mine (swse, sec. 19, T.9 N., R.78 W.) along strike. The lower 

bed is a cleated, soft, black coal approximately 13 feet thick (4.0 m) at the exposure to 

the southeast of the Capron Mine. The coal beds are thought to be laterally discontinuous, 

grading into carbonaceous shales (Beekly, 1915).

The upper Capron bed is poorly exposed at the southeastern outcrop (sw1/4, sec. 

29, T.9 N., R.78 W.) along the road cut. The bed is approximately 6.5 feet (2.0 m) 

thick and caps a sandstone that is 5.5 feet thick (1.7 m).

Two thin coal beds of the lower middle member of the Coalmont Formation out 

crop near the confluence of Grizzly Creek and Colorado Creek in southwestern North 

Park. The lowermost Coal is approximately 454 feet (138 m) above the top of the 

Pierre Shale based on the work of Hendricks (1977), but is much thinner according to 

Flores (personal communication). This lower coal bed is 1.5 feet (0.5 m) thick, 

cleated, parallel-laminated, slightly fissile, and out crops along the creek bank (sene,
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sec.5, T.5 N., R.81 W.). The coal grades into mudstone above and below.

The upper coal bed that out crops near the confluence of Grizzly and Colorado 

Creeks is approximately 44 feet (13 m) stratigraphically above the lower bed and 

outcrops along the road cut (nene, sec. 5, T.5N., R.81W.) (Fig. 3 ). The coal bed is 

approximately 0.5 feet (0.2 m) thick and is contained within a 2.5 foot (0.8 m) thick 

coaly carbonaceous shale. The coal beds of the middle member of southwest North Park 

are reported by Hendricks (1977) to be lenticular, thickening and thinning into 

carbonaceous shales. These units are overlain by carbonaceous shale, mudstones, and 

siltstones.

The relative age relationships of the major coal beds on the east side of the park 

and those on the west side are problematic due to the reported lenticular nature of the 

coal beds and the extensive normal faulting throughout the basin.

Upper Member

General features. The upper member of the Coalmont Formation overlies the 

middle member and consists of interbedded sandstone, ciaystone, mudstone, carbonaceous 

shale, and coal (Hale, 1968). The sandstone units of the upper member are observed to 

be generally finer grained than the sandstone units of the middle member; however, 

conglomeratic sandstones are also found in the upper member. Coals and coaly 

carbonaceous shales occur in the lower and middle part of the upper member in 

southwestern North Park (Hale, 1968).

Most of the upper member is nonresistant and weathers easily, with the 

exception of localized calcite-cemented zones within the sandstones. The maximum
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thickness of the upper member is estimated to be as much as 5,500 feet (1676 m)

(Hail, 1968).

Measured sections and descriptions. Three partial stratigraphie sections were 

measured for the upper member in areas where major coal beds outcrop in North Park 

(Fig. 1, Table 1, Appendix A). Two of the partial stratigraphie sections measured 

included the Riach coal bed which is the major coal bed that exists in the upper member. 

One partial section was measured to include the lowermost coal bed of the upper member, 

which out crops on Mexican Ridge (nesw Sec. 9, T.6N., R.81 W.).

The measured partial sections from the upper member of North Park were 

divided into a total of three facies, based on lithology, grain size, and primary 

sedimentary structures. Depositional environments were then interpreted for each 

facies. The facies descriptions and environmental interpretations are summarized below.

Facies and depositional environment. Sediments of Facies E include numerous, 

thin sandstones. The sandstones are tan to gray on fresh surfaces and have grain sizes 

ranging from very coarse to very fine sand. Vertical trends in grain size vary. These 

units are generally well sorted. The individual grains are subangular to subround in 

morphology. The sandstones are mostly weakly cemented with clay-sized material, 

giving them a friable nature. Resistant intervals cemented by calcite occur locally. 

Sediments of Facies E can be as much as 5.5 ft (1.7 m) in thickness. The upper and 

lower contacts range from gradational to sharp.

The dominant primary sedimentary structures characterizing Facies E include 

trough cross-bedding (Fig. 8), subparallel- to parallel-lamination, current ripple- 

lamination, and massive-bedding. Trough sets observed were generally on the order of
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less than 1 ft (0.3 m) in thickness. Individual laminae sets are generally less than 

several inches (5 cm) in thickness (Fig. 9). The units of this facies are generally 

underlain and overlain by mudstone, ciaystone, and carbonaceous shale.

The sediments of Facies E of the upper member are very similar to those of Facies 

C of the middle member and were also interpreted as representing crevasse splays. The 

interpretation was based on the types of primary features observed, the sharp to 

gradational contacts, and the vertical association with mudstone, siltstone, and ciaystone. 

The horizontal laminations likely represent upper plane-bed flow regimes associated 

with overbank flow during floodstage conditions in the related fluvial system. The units 

with trough cross-beds were likely associated with migrating three-dimensional dunes 

in small nonmarine channels, probably related to the proximal part of a crevasse splay 

(crevasse channels).

Facies F of the upper member of the Coalmont Formation consists of gray, green, 

and brown mudstones, claystones, and siltstones, which are subparallel- to parallel- 

laminated, slightly fissile, to massive. The units are locally sandy, silty, and micaceous. 

Carbonaceous detritus up to an inch (2.5 cm) in length and ironstone concretions with 

diameters of up to 2 feet (0.6 m) were identified locally within these units. Fragments 

of petrified wood up to 4 inches (10.2 cm) in length were also found in some of these 

units. The thicknesses of these units were found to vary, but were generally found to be 

less than 55 ft (16.7 m). These sediments are very similar to Facies B of the middle 

member and have also been interpreted as representing floodplain or vertical accretion 

deposits. The sediments were likely to have been deposited during flooding events which 

brought an influx of clastic sediment onto floodplain environments resulting in vertical
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accretion of sediment. Flores (1990) interpreted the presence of deep lake sediments in 

the upper member, based on the lateral gradation of sandstone units interpreted as 

Gilbert-type deltas into mudstones containing fish scales.

Facies G of the upper member is comprised of black to brown carbonaceous shales 

and coal (Fig. 10). The carbonaceous shales are locally coaly and silty. Petrified wood 

fragments and logs up to 2.5 feet (0.8 m) in diameter and up to 30 feet (9.1 m) in 

length can be seen in some of these units. The coal beds of this facies are black, cleated, 

and hard to soft with maximum thicknesses of 6 ft (1.8 m) in the intervals measured. 

Shale partings up to 4 in (10.2 cm) thick are contained in some of the coal beds. 

Thicknesses of up to 775 ft (235 m) have been reported for some carbonaceous shale 

units in the upper member (Hail, 1968). The upper and lower contacts of the 

carbonaceous shales are generally gradational. The coal beds are generally bounded on 

the top and bottom by carbonaceous shales, and have been reported to be discontinuous 

and lenticular, grading laterally into carbonaceous shales (Hendricks, 1977).

The coal and carbonaceous shale of Facies G are almost identical to those of Facies 

D of the middle member, and have also been interpreted as representing swamp 

environments located in interchannel or floodplain settings. The carbonaceous shales are 

interpreted as representing swamp environments that received high amounts of sediment- 

bearing flood waters. The coal beds are interpreted as representing areas that were not 

affected by channel migration and clastic influx associated with flooding events, thus 

allowing for the development of significant peat accumulation in the associated swamps. 

Roberts and Flores (1988) have suggested that the coal beds of the middle member may 

have been associated with raised-swamps which were isolated from any clastic





T - 3 8 4 6 38

influx because of the topographic relief associated with them.

In summary, the facies relationships contained in the coal-bearing intervals of 

the upper member documented in the measured partial sections can be characterized as 

being dominated by the floodplain or vertical accretion deposits of facies F. Crevasse 

splay (Facies E) and swamp deposits (Facies G) are typically contained in flood plain 

sediments. No active channel-fill sandstones were identified in any of the measured 

partial sections of the upper member measured for this report; however, other reports 

documented the identification of sandstone bodies interpreted as active channel-fill facies 

in the upper member (Flores, 1990; Flores, 1988; Hendricks, 1977).

Flores (1988 and 1990) described and interpreted the depositional 

environments of upper member sandstone units in north-central North Park. These 

units, interpreted as Gilbert-type deltas, could be traced laterally shoreward into active 

channel-fill facies of meandering fluvial systems. Hendricks (1977) also described and 

interpreted some sandstone units as representing meandering fluvial systems in the 

upper member of the Coalmont Formation in southwestern North Park.

Major coal beds. The lower part of the upper member of the Coalmont Formation 

contains several coal beds (Hail, 1968). The stratigraphically lowest of these coal beds 

is exposed near Mexican Ridge in southwest North Park (nenw, sec. 9, T.6 N., R.81 W.) 

approximately 325 feet (99 m) above the base of the upper member (estimated from 

geologic maps of Hail (1968) and Hendricks (1977)). The bed consists of cleated, hard, 

black coal which is 6 feet (1.8 m) in thickness. Several carbonaceous shale partings, all 

less than 4 inches (10.2 cm) in thickness occur within the coal bed. The coal is bounded 

on the top and bottom by carbonaceous shale.
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Another coal bed, approximately 1,180 feet (360 m) (estimated from geologic 

maps of Hail (1968) and Hendricks (1977)) above the base of the upper member, is 

exposed in section 4, T.6 N., R.81 W. This bed is reported to be about 7 feet (2.1 m) in 

thickness.

The thickest coal bed of the upper member is the Riach bed which occurs in the 

lower part of this member approximately 1,465 feet (447 m) (estimated from geologic 

maps of Hail (1968) and Hendricks (1977)) above the base of the upper member. The 

Riach coal bed has been reported to be as much as 85 feet (24 m) thick (Erdman, 1941). 

The bed is made up of cleated, hard, black coals that are characterized by conchoidal 

fracturing and shiny luster. Thin beds of shale and clay are interbedded within the Riach 

bed. The apparent rank of the Riach bed is predominantly subbituminous B (Hatch and 

others, 1979). The Riach coal bed is lenticular and grades into carbonaceous shales 

(Hail, 1968).

The Riach bed has a known areal extent of greater than 50 square miles (129 

square kilometers) in southwestern North Park (Hatch and others, 1979). Estimated 

reserves for the Coalmont area are as high as one-half billion tons (Adams, 1976).
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PALYNOLOGY

Samples of the shales and coal beds of the middle and upper member of the 

Coalmont Formation were obtained for the purpose of determining the relative ages of the 

major coal beds by means of palynology. Sampling was done for each of the 12 sections 

measured in various parts of North Park. The location of each measured section is shown 

in figure 1 and described in table 1. The stratigraphie position of each productive 

sample can be found in the descriptions for each measured section, contained in the 

appendix.

The samples were obtained from outcrops by using a shovel and a pick. Each 

sample locality required 1 to 3 feet (0.3 to 0.9 meters) of excavation to obtain an 

unweathered sample. Each sample was then placed in marked plastic sample bags and 

taken to the laboratory for processing.

Processing

The processing of each sample consisted of disaggregating the rock for the 

purpose of separating out palynomorphs. The process involved treatment of the samples 

by acids and detergents, followed by a thorough washing with tap water. Permanent 

slides were prepared for palynomorph-bearing samples. The general processing 

procedure began with a pulverized sample of coal or shale.

Once pulverized, the coal samples were treated with sodium hypochlorite. The 

samples were then washed with tap water to remove all of the soluble organic matter 

broken down by the treatment. The finer grained silts and clays of each processed
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sample were separated from the heavier fraction, which included palynomorphs, by 

differential settling. The end product of this procedure was a residue consisting 

predominately of organic material.

Shales and mudstones were treated with strong detergent to break down the clays. 

Differential settling was used to separate out all of the clay-sized material. The residues 

of each sample were then examined with a microscope to determine the presence or 

absence of palynomorphs.

Microscope slides were prepared for palynomorph-bearing residues. The slide 

preparation procedure was initiated by placing a drop of residue and a drop of Clearcol 

on a glass cover slip. The two drops were then thoroughly mixed together and spread out 

evenly over the surface of the cover slip. The cover slip was then heated on a slide 

warmer until the solution was thoroughly dry. The cover slip was then inverted and 

mounted on a glass slide with Permount mounting medium.

Guide Pollen Identification

Permanent microscopic slides prepared from pollen-bearing samples were then 

examined with an American Optical microscope for the presence of guide pollen used to 

establish a Paleocene time scale for the Rocky Mountain region (Newman, 1974, 1980). 

The relative age of each sample was then determined by comparing the palynomorph 

assemblage present in the sample to the guide pollen assemblages used to define the 

Rocky Mountain region time scale (Newman,1980).

Samples from the Sudduth coal bed (S-8) of the lower middle member exposed in 

the Sudduth mine (nwsw section 15, T.9 N., R.78 W.) contain Momipites dilatus.
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Samples of the Sudduth bed from the Marr mine contain Insulapollenites ruoulatus and 

Tilia danei (Newman, personal communication). A sample (K-477) taken from a thin 

coal bed exposed in the Kerr mine approximately 420 feet (128 meters) above the 

Sudduth bed contains Maceopolipollenites amplus. These specimens characterize middle 

Paleocene assemblages for the Rocky Mountain region, and are roughly equivalent to late 

Torrejonian or early Tiffanian land mammal ages (Newman, 1974, 1980).

Sample X-10 (sese section 29, T.9 N., R.78 W.) from the lower Capron coal bed 

of the middle member approximately 2000 feet (610 meters) above the Sudduth bed 

contains Tilia danei. Pterocarvapollenites ££., and Triporopollenites rugatus. Samples 

from the upper Capron bed (CA-107 and X-185) exposed in the Capron mine (swse 

section 19, T9 N., R.78 W.) and Capron southeast partial section (sese section 29, T.9 

N., R.78 W.) contain Carvapollenites sp.. Maceopolipollenites amplus. and 

Triporopollenites rugatus. The combined assemblages of the upper and lower Capron 

coal beds indicate an age of late Paleocene, equivalent to late Tiffanian or early 

Clarkforkian land mammal ages (Newman, 1974, 1980).

Sample GC-A-1.2 from the lowermost coal bed of the Grizzly Creek extended, 

partial section (ne section 5, T.5 N., R.81 W.) of southwestern North Park contains 

Carvapollenites sp. and Triporopollenites rugatus. The presence of Caryapollenites sp. 

indicates an age of late Paleocene (Newman, 1974, 1980) for this thin coal bed 

contained in the lower section of the middle member.

Sample MEX-9 from the coal bed of the Mexican Ridge partial section (nesw 

section 9, T.6 N., R.81 W.) of the lower member is approximately 325 feet (99 m) 

above the base of the upper member and contains Platvcarva sp. and Carvapollenites sp.
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Platvcarva sp. is characteristic of early Eocene assemblages for the Rocky Mountain 

region, and equivalent to Clarkforkian or Wasatchian land mammal ages (Newman,

1974, 1980).

The stratigraphically highest known outcropping coal bed of the upper member of 

the Coalmont Formation known is the Riach coal bed which is early Eocene in age 

(Hendricks, 1977). The unit is contained in the lower part of the upper member (Hail, 

1 9 6 8 ) .

Although most coal samples yielded abundant palynomorphs, several coal beds 

were found to be barren. The Monahan coal bed of the Monahan mine (section 31, T.10 

N., R.81 W.) is contained within the sandy member of the Cretaceous Pierre Shale (Hail, 

1965). The Cretaceous age of the Monahan coal bed could not be confirmed since samples 

of coal and shale taken from this bed were processed for palynomorphs and found to be 

barren. The coal bed (equivalent to Capron?) located at the base of the Diamond J 

extended, partial section (sese section 32, T.10 N., R.79 W.) was also found to be 

barren of palynomorphs.

Palynomorph Zone Correlation

A problem in correlating the coal beds contained in the Coalmont Formation 

throughout North Park, in addition to the extensive faulting, is the lenticular and 

discontinuous nature of these beds. The coals of North Park were likely deposited in 

swamps that were not extensive with respect to the entire North Park basin; therefore, 

the numerous thin coal beds that are contained in the middle member and the upper 

member cannot be correlated directly throughout the basin, but rather only on a gross
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scale of relative ages as defined by palynomorph assemblages.

The palynomorph ages determined from the guide pollen contained in the major 

coal beds of the middle and upper member of the Coalmont Formation in North Park were 

used to construct a range zone diagram for eastern North Park (Plate 1). This range 

zone diagram is compared to the diagram constructed for southwest North Park by 

Hendricks (1977) on Plate 1. Hendricks' diagram was slightly modified by 

incorporating into the diagram guide pollen identified in sample GC-A-1.2 and MEX-9, 

both of which are from southwestern North Park. In addition, Hendricks' results are 

illustrated slightly different from his diagram by showing the stratigraphie location of 

the major coal beds of southwestern North Park. The ages were defined according to the 

following criteria:

middle Paleocene-Maceopolipollenites amplus. Insulapollenites rugulatus. Tilia 

danei. Momipites dilatus. Pterocarvapollenites ££.

late Paleocene-Carvapollenites sp.

early Eocene-Platvcarva sp.

The oldest known coal bed of the Coalmont Formation exposed in North Park is the 

Sudduth coal bed of the middle member. Palynomorph assemblages indicate an age of 

middle Paleocene. No other coal beds of equivalent age have been identified eslewhere in 

North Park at present.

The upper and lower Capron coal beds of eastern North Park are equivalent in age 

to the two thin coal beds that out crop along Grizzly Creek in southwestern North Park. 

The beds have palynomorph assemblages indicative of a late Paleocene age. Whether
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or not the Capron coal beds and the Grizzly Creek coal beds were deposited 

contemporaneously on the same depositional surface could not be determined.

The three coal beds of the lower part of the upper member of the Coalmont 

Formation of southwestern North Park are the youngest known coal beds exposed in the 

basin. The lowermost coal bed of the three is exposed on Mexican Ridge (nesw section 9, 

T.6 N., R.81 W.) and contains palynomorphs characteristic of early Eocene assemblages 

for the Rocky Mountain region.

The youngest known coal bed exposed in North Park is the Riach bed, which is 

located in the southwestern part of the basin. The Riach bed is assigned an age of early 

Eocene by Hendricks (1977). No coal beds of equivalent age to the Riach bed are known 

to occur in the Coalmont Formation elsewhere in North Park.

The ages determined for the major coal beds of the Coalmont Formation have 

further defined the age of the exposed middle member. Hendricks (1977) reported an 

age of late Paleocene for the base of the middle member and an age of early Eocene for the 

top of the middle member in southwestern North Park. An age of middle Paleocene has 

been determined by this study for the lowermost part of the exposed middle member in 

eastern North Park. Therefore, the age of the exposed middle member of the Coalmont 

Formation in North Park is middle Paleocene to early Eocene.

The upper member is early Eocene in age based on palynology (Hendricks, 1977; 

Hail and Leopold, 1960).
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SUMMARY OF CENOZOIC HISTORY

Coalification History

The development from peat through the various stages of coals, lignite through 

meta-anthracite, is termed coalification (Stach and others, 1982). Coalification is 

predominately controlled by temperature, as indicated by the relationship of increasing 

rank as temperatures increase with greater burial depths. Time is a factor only when 

temperatures are high enough for chemical reactions to occur. The influence of pressure 

is mostly limited to compaction, loss of porosity, and reduction of moisture content from 

the peat to the bituminous stage of coalification (Stach and others, 1982).

The Sudduth coal bed of eastern North Park is predominantly subbituminous A in 

rank, while the Riach coal bed in southwestern North Park consists of coals which are 

predominantly subbituminous B in rank (Hatch and others, 1979). A nearly linear 

relationship exists between coalification-hydrocarbon maturation, time, and depth of 

burial (Hood and others, 1975). The two major coal beds of North Park would attain a 

subbituminous rank immediately above the critical depth of oil generation, assuming a 

normal gradient (Hood and others, 1975). The maximum depths of burial for the major 

coal beds of eastern North Park are most likely on the order of 12,000 feet (3,700 m) 

or less, based on thickness estimates of the Coalmont and younger formations. Hendricks 

(1977) estimates a maximum depth of burial for the Riach coal bed located in the 

southwestern part of the basin to be 10,000 feet (3,050 m) or less.

The total thickness of the middle and upper members of the Coalmont Formation 

overlying the Sudduth bed cannot be determined because of the erosional contact at the
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top of the formation and the extensive faulting of the basin; however, Hail (1968) 

estimates a possible maximum thickness of 12,000 feet (3,700 m) for the Coalmont 

Formation in southwestern North Park. Hendricks (1977) estimates that there are 

over 5,000 feet (1,500 m) of upper member rocks overlying the Riach coal bed is 

southwestern North Park.

Unconformably overlying the Coalmont Formation is the 230 foot (70 m) thick 

White River Formation which is unconformably overlain by the 1,120 foot (340 m) 

thick North Park Formation (Hail, 1965). The original thicknesses of both of these 

formations are unknown because of erosional truncations at the tops of both units.

In summary, the higher rank of the Sudduth coal bed of eastern North Park 

indicates that it was buried at a greater depth over a longer time span than the Riach coal 

bed of southwestern North Park. Burial from the middle Paleocene to Pliocene time 

(approximately 60 million years) resulted in the coalification of the peat accumulation 

of the Sudduth bed to an apparent rank of subbituminous A. The burial of the Riach bed 

from early Eocene to Pliocene time (approximately 50 million years) resulted in 

coalification to an apparent rank of subbituminous B. Subsequent deformation and 

erosion of Pliocene age and younger have elevated both the Sudduth and the Riach coal 

beds to the surface in eastern and southwestern North Park.
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Tectonic History

The North Park-Middle Park structural basin was formed as a result of the 

Laramide orogeny that began in Colorado near the end of the Cretaceous and ended in the 

Eocene (Tweto, 1980). During this time, the Front and Park Ranges were uplifted on 

part of the site of the late Paleozoic Front Range highland. The North Park-Middle Park 

structural basin, also situated on the site of part of the Paleozoic highland, constituted 

the synclinal sag between the Front and Park Ranges (Tweto, 1980). The North Park- 

Middle Park structural basin was divided into North Park and Middle Park during the 

Oligocene to late Miocene by the development and emplacement of the Rabbit Ears Range, 

which consists of intrusive and extrusive volcanic rocks.

Several stages of Laramide tectonism are indicated throughout North Park by 

cross-cutting relations within the Tertiary strata resulting in one of the most 

structurally complex of the intermontane Tertiary basins (Wellborn, 1977). Pre- 

Tertiary Laramide deformation is recorded in the Mesozoic rocks of the basin. Prior to 

deformation, the Cretaceous rocks were deposited on a nearly planar surface (Tweto, 

1980). These rocks were then folded, faulted and severely eroded at an early stage of the 

Laramide orogeny prior to deposition of the Coalmont Formation. The consequence is the 

angular unconformity that exists between the pre-Tertiary rocks and the Middle Park 

Member or middle member of the Coalmont Formation.

During the middle and late Paleocene, the depocenter of the basin appears to have 

been located in eastern North Park. Eastern North Park during this time was apparently 

characterized by low topographic relief, low-stream gradients, meandering rivers, and 

poorly-drained flood basins with peat-forming swamps. Basin subsidence during this
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time was sufficient to allow thick accumulations of peat which were later coalified to 

form the Sudduth and Capron coal beds.

In contrast, western North Park during the late Paleocene and early Eocene was 

apparently characterized by higher stream gradients and braided rivers that fed into 

shallow lakes (Roberts and Flores, 1988). It is possible that no sediments of middle 

Paleocene in age were deposited in western North Park.

During the early Eocene, the depocenter of North Park appears to have shifted 

from eastern North Park to southwestern North Park (Roberts and Flores, 1988). 

Southwestern North Park during this time probably had an environment very similar to 

the environment that existed in eastern North Park during the middle and late Paleocene. 

Southwestern North Park was likely characterized by low topographic relief, moderate 

stream gradients, meandering rivers, and flood basins with peat-forming swamps.

During this time, basin subsidence was sufficient to allow thick accumulations of peat 

which were later coalified to become the coal beds contained in the upper member.

The shift of the depocenter from the eastern part of the basin to southwestern 

North Park was most likely caused by basement block-faulting or by tilting of the basin.

Several episodes of basin-tilting and erosion seemed to have occurred in middle 

Eocene through the late Miocene time. The Oligocene White River Formation 

unconformably overlies the Coalmont Formation in North Park. The unconformity 

indicates basin tilting and erosion during middle to late Eocene time (Hail, 1965).

Middle Oligocene to late Miocene basin tilting and erosion are also recorded by the 

unconformable contact between the White River Formation and the late Miocene North 

Park Formation (Hail, 1965). In addition, normal faulting and folding in North Park
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are thought to have occurred in the Eocene or later (Hail, 1968).

The faulting associated with the Independence Mountain Thrust, which defines the 

northern limit of North Park, is thought to be of pre-Oligocene age (Hail, 1965).

During the Oligocene to late Miocene, volcanic activity was taking place in 

southern North Park with deposition of breccias, flows, and igneous intrusions (Hail, 

1968). A portion of the volcanic material that was emplaced and deposited now makes up 

the Rabbit Ears Range.

Folding and faulting apparently occurred in the latest Miocene or Pliocene after 

the Miocene North Park Formation was deposited (Hail, 1968). The tectonic activity 

was responsible for the formation of the Walden syncline, North Park syncline, and the 

Spring Creek fault zone (Behrendt and Others, 1969). The faulting associated with the 

Central Fault Belt of western North Park is thought to have occurred during this time by 

Hail (1965).

The Cenozoic tectonic history of North Park can be summarized as follows: basin 

subsidence sufficient for thick peat accumulation in eastern North Park during the 

Paleocene; three episodes of basin-tilting and erosion during the early Eocene through 

the late Miocene; Eocene or younger faulting and folding; pre-Oligocene faulting of the 

Independence Mountain Thrust; Oligocene and Miocene volcanic activity; and Miocene or 

Pliocene folding and faulting.
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CONCLUSIONS

The Paleocene-Eocene Coalmont Formation of North Park is comprised of three 

nonmarine members, two of which contain major coal beds. The coal-barren Middle 

Park Member is the lowermost member of the formation, and consists of arkosic and 

conglomeratic sandstone, volcanic-pebble congomerate, claystone, mudstone, and sparse 

carbonaceous shale. The middle member consists of cross-bedded conglomerate and 

conglomeratic sandstone, sandstone, siltstone, claystone, mudstone, carbonaceous shale, 

and coal. The upper member of the Coalmont in southwestern North Park consists of 

sandstone, claystone, mudstone, carbonaceous shale, and coal.

The sediments of the middle member in western North Park have been 

interpreted as being deposited in a braided fluvial system (Flores, 1988, 1990; Flores 

and Roberts, 1988; Hendricks, 1977). The conglomerate and conglomeratic sandstones 

were probably deposited as active channel-fill (Facies A) in braided stream channels, 

while the thin and discontinuous, silt-sized and finer-grained units were deposited on 

the adjacent flood plains (Facies B and D). Only minor amounts of peat were accumulated 

in the sand-rich, braided fluvial system that dominated this part of the basin.

The middle member in eastern North Park has been interpreted as being 

deposited by an anastomosed fluvial system (Roberts and Flores, 1988; Roberts, 

unpublished). The coarse-grained, trough cross-bedded sandstones likely represent 

active channel-fill (Facies A) deposited on the channel floors of the streams and rivers. 

The finer-grained fraction (Facies B and D) of the middle member was probably 

deposited on the flood basins associated with the anastomosed river system. The coals 

(Facies D) were deposited on poorly-drained flood basins in swamps that had minimal
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influx of clastic sediments. These coai swamps were apparently not very extensive, as 

indicated by the lenticular character that is associated with the coal beds present today.

The upper member has been interpreted as having been deposited in a meandering 

river system (Flores, 1988, 1990; Flores and Roberts, 1988; Hendricks, 1977). The 

coarse-grained, trough cross-bedded sandstones of the upper member were likely 

deposited as crevasse splays (Facies E) and some point-bar deposits. The siltstones and 

finer units were deposited on flood basins (Facies F). The coal beds (Facies G) of the 

upper member were deposited in peat-forming swamps similar to the swamps that 

existed during deposition of the middle member.

Palynology indicates that the Sudduth coal bed of the lower part of the middle 

member in eastern North Park is middle Paleocene in age. No exposed coal beds of 

equivalent or older age are known to occur elsewhere in North Park. The Capron coal 

beds of the middle member in eastern North Park are relatively equivalent in age with 

the two thin coal beds of the lower middle member exposed along Grizzly Creek of 

southwestern North Park. The palynomorph assemblages contained in both the Capron 

and Grizzly Creek coal beds indicate an age of late Paleocene. The age of the middle 

member of the Coalmont Formation, therefore, ranges from middle Paleocene in eastern 

North Park to early Eocene in southwestern North Park.

The coal beds contained in the lower part of the upper member in southwestern 

North Park are early Eocene in age, based on palynology. The uppermost and youngest, 

exposed coal bed of the upper member is the Riach bed for which no coal bed of equivalent 

age is known to occur elsewhere. The age of the entire upper member is early Eocene, 

based on palynomorphs.
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The geographic and stratigraphie locations of the major coal beds in North Park 

and the differing ages, as well as differing sand to shale ratios in the middle member, 

indicate a shift of the basin depocenter during deposition of the Coalmont Formation. The 

depocenter of the basin was apparently located in eastern North Park in middle and late 

Paleocene time, during which the major coal beds of the middle member were deposited. 

At the same time, sedimentation in western North Park was dominated by a sand-rich, 

braided fluvial system. During the early Eocene, block faulting or tilting of the basin 

caused the depocenter of the basin to shift from eastern North Park to southwestern 

North Park where the major coal beds of the upper member were deposited.
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APPENDIX

The following stratigraphie sections were measured in parts of the the middle and 

upper members of the Coalmont Formation in North Park. Subunits are numbered 

for reference beginning with the top of the section and working down section. The 

thickness of each subunit is given both in feet and meters. Stratigraphie positions of 

samples are denoted by bold and underlined characters (ie. K-477T At the end of each 

description is a facies interpretation designated by letters which correspond to facies A 

through G. The facies are described in the section on Coalmont Formation stratigraphy 

and are listed below.

middle member facies designations:

Facies A - Active channel-fill of a fluvial system.
Facies B - Vertical accretion or floodplain.
Facies C - Crevasse splay.
Facies D - Swamp.

upper member facies designations:

Facies E - Crevasse splay.
Facies F - Floodplain or vertical accretion.
Facies G - Swamp.



T - 3 8 4 6 60

KERR MINE PARTIAL SECTION OF THE LOWER PART OF THE MIDDLE MEMBER
nwnw sec. 2, T.8 N., R.78 W.

This section was measured in the Kerr mine. At the base of this section is the 
Sudduth coal bed, which is approximately 290 feet (88.4 m) above the Pierre Shale- 
Coalmont contact.

Unit Description Thickness
feet meters

8 5 Carbonaceous Shale-black to dark brown, fissile,
contains thin stringers of coal (D). 3.0 1.0

8 4 Claystone-Gray (B). 5.0 1.5

8 3 Sandstones-gray, very fine to fine grained,
subrounded grains, ripple laminated, mud drapes, 
sands are interbedded with thin layers of gray mud
stone 6-9 inches (15.2-22.9 cm) thick (B), silty. 7.5 2 .3

8 2 Mudstone-brown and very carbonaceous throughout
( B) .  2.0 0.6

81 Carbonaceous Shale-brown, silty (D). 3.0 0 .9

8 0 Coal-black, shiny on fresh surface, cleated.
Sample K-477 was obtained from this unit (D). 1.0 0 .3

7 9 Mudstone-brown to gray, abundant carbonaceous
detritus, massive (B). 8.8 2 .7

7 8 Coal-black, shiny on fresh surface, cleated (B). 1.0 0 .3

7 7 Carbonaceous Shale-black (D) 1.0 0 .3

7 6 Claystone-brown to gray, abundant carbonaceous
detritus, contains ironstone concretions (B). 9.3 2 .8

7 5 Carbonaceous Shale-black to brown, thin streaks of
coal throughout (D). 3.3 1 .0
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7 4 Mudstone-gray, carbonaceous detritus throughout,
ironstone concretions (B). 10.0 3.1

7 3 Carbonaceous Shale-black, coaly (D). 2.0 0 .6

7 2 Sandstone-gray, fine grained, well sorted, micaceous
friable, slightly calcareous, ripple-laminated (C). 1.3 0 .4

7 1 Claystone-gray, abundant carbonaceous detritus
throughout, thin carbonaceous streaks of less then
0.5 in. (1.8 cm) occur (B). 26.0 7 .9

7 0 Carbonaceous Shale-black (D). 1.0 0 .3

6 9 Coal-black, shiny on fresh surface, cleated (D). 2.0 0 .6

6 8 Mudstone-gray, carbonaceous detritus abundant
throughout (B). 13.5 4.1

6 7 Sandstone-tan to gray, medium grained at base but
fines upward into fine to very fine grained at the top 
2 feet (0.6 m), well sorted, subrounded, ripple lamin
ated with some mud draping in troughs of ripples, 
noncalcareous, Carbonaceous detritus common, unit 
has sharp basal contact with, mineralogy is as follows:
60-75% quartz, 25-40% orthoclase feldspar,
1-2% mica (A). 8.0 2 .4

6 6 Carbonaceous Shale-black, coaly (D). 0.7 0 .2

6 5 Mudstone-same as subunit 68 (B). 9.0 2 .7

6 4 Sandstone-tan to orange, medium grained, well sorted,
ripple lamination, gradational base, non-calcareous 
partially ferruginous (C). 1.3 0 .4

6 3 Mudstone-same as subunit 68 (B). 11.0 3 .4

6 2  Sandstone-same as subunit 64 (C). 2.0 0 .6

61 Mudstone-same as subunit 74 (B). 23.5 7 .2
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6 0

5 9

5 8

5 7

5 6

5 5

5 4

5 3

5 2

51

5 0

4 9

4 8

4 7

4 6

Sandstone-tan to gray, medium to coarse grained, 
subround to subangular grains, moderately to poorly 
sorted, trough cross-bedded, friable (C).

Mudstone-gray, Sandy (B).

Sandstone-similar to subunit 64, but rooted (C).

Carbonaceous Shale-gradational with overlying 
sandstone, sandy (D).

Sandstone-medium grained, trough cross-bedded with 
low angle foresets, friable (C).

Mudstone-gray, sandy (B).

Sandstone-tan to gray, medium at base, top coarse 
grained, sub-round to subangular, ripple laminated at 
base, mineralogy similar to subunit 67 (B).

Mudstone-gray to green, sandy, micaceous (B).

Sandstone-same as subunit 64 (C).

Sandstone-green to gray, fine grained at base and 
fines upward into micaceous siltstone, ripple lami
nated (C).

Mudstone-same as subunit 68 (B).

Sandstone-similar to subunit 72 with evidence 
of rooting (C).

Mudstone-same as subunit 68 (B).

Sandstone-green to gray, fine to medium grained, 
ripple laminated, flaser bedding, thin layers of 
mudstone near base, gradation lower contact (C).

Mudstone-same as subunit 68 (B).

9.5 

0.5 

1.0

0.5

2.0

2 .5

8.0

8.5

1.4

4.0

3.0

1.5

4.0

6.5

17.5
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4 5 Carbonaceous Shale-brown to black with thin streaks
of coal up to a maximum thickness of 3 in. (7.6 cm), 
sample K-268  (D). 2.5 0 .8

4 4 Mudstone-dark green, carbonaceous detritus
occurs occasionally,sand (B). 8.0 2 .4

4 3 Sandstone-tan to gray, coarse grained, poorly sorted,
subround to subangular grains, trough cross-bedded 
with low angle foresets, scoured basal contact, pods of 
coalified organic matter occurs in pods throughout this 
unit (C). 6.5 2 .0

4 2 Siltstone-gray, interbedded with very fine to
fine grained sand stringers most of which are less then 
1 foot (0.3 m), sandy (B). 8.5 2 .6

4 1 Mudstone-gray with thin sandy intervals
throughout (B). 11.0 3.4

4 0 Sandstone-tan to gray, medium grained, subround to
subangular, moderately well sorted, weakly cemented 
with clay cement, ripple laminated with flaser bedding 
in part with possible convolute bedding, sandstone inter
fingers with mudstone, laterally discontinuous pinching 
off laterally into mudstone within 10 feet (3.1 m) on one 
end (C). 10.0 3.1

3 9 Siltstone-green to gray, mostly silt-sized with
very fine grains of sand, contains 8 in. (20.3 cm)sandy
interval, sandy (B). 5.8 1 .8

3 8 Sandstone-gray to green, fine grained, moderately well
sorted, ripple laminated, weakly cemented with clay 
cement, has sharp contacts with slight scouring at 
base (C). 1.8 0 .6

3 7 Claystone-gray to black, abundant carbonaceous detritus,
( B) .  1.5 0.5

3 6 Siltstone-gray (B). 10.5 3 .2



T

3 5

3 4

33

3 2

31

3 0

2 9

2 8

2 7

2 6

2 5

2 4

2 3

22

21

Sandstone-gray to green, fine grained, ripple laminated, 
interbedded in sandstone is a 6 in. (15.2 cm) bed of 
siltstone, sandstone has evidence of rooting (C).

Mudstone-dark gray (B).

Sandstone-green, medium to coarse grained, moder
ately well sorted, subround to subangular, ripple 
laminated (C).

Mudstone-gray to brown (B).

Sandstone-gray, very fine, silty (C).

Claystone-mostly clay with some silt-sized 
grains, sandy (B).

Sandstone-gray to green, fine grained, moderately 
well sorted (C).

Mudstone-gray (B). 2.8

Sandstone-gray, very fine grained, micaceous 
and silty, silty, moderately well sorted (B).

Sandstone-gray, medium grained, subround to sub
angular, well sorted, convolute bedding, interfingers 
and pinches out laterally into mudstones (C).

Mudstone-gray, contains thin beds of coal up to 0.25 
inches (0.6 cm) thick (B).

Carbonaceous Shale-black, coaly (D).

Carbonaceous Shale-black (D).

Mudstone-brown to gray, abundant carbon
aceous detritus throughout, silty (B).

4.0

11.0

2.0

9.0 

1.2

4.6

2.8

6.5

10.0

1.5 

10.7

1.5

14.0

Sandstone-gray, very fine to fine grained, sub
parallel and ripple lamination, silty (B). 1.0
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2 0 Conglomeratic Sandstone-tan to gray, fines upward
from very coarse at the bottom to medium grained at top, 
conglomeratic clasts of pebble size common, 
poorly sorted, subangular to subround, trough cross
bedded with high angle foresets, discontinuous coaly 
pockets and mud rip-up clasts near base, basal contact 
is scoured, mineralogy is as follows: 35-45% quartz, 
35-45% orthoclase feldspar, 10-15% rock fragments,
1-2% mica (A). 25.5 7 .8

1 9 Mudstone-gray with numerous sandstone beds up 
to 1 foot (0.3 m) thick, sandy, sandstones are 
discontinuous with lateral extent of 8-10 feet 
(2.4-3.1 m) (B). 18.0 5 .5

1 8 Mudstone-gray (B). 4.3 1 .3

1 7 Sandstone-gray, very fine to fine grained, ripple 
laminated with mud drapes in troughs of ripple 
structures, rooted, calcareous, resistant (C). 2.5 0 .8

1 6 Mudstone-gray, contains carbonaceous detritus and 
coaly pods up to 2 in. (5.1 cm) in diameter (B). 8.0 2 .4

1 5 Coal-black, shiny, conchoidal fracturing, cleated (D). 13.0 4 .0

1 4 Carbonaceous Shale-black with thin streaks of coal 
up to 2 in. (5.1 cm) thick (D). 1.5 0 .5

1 3 Coal-same as subunit 15 (D). 12.0 3 .7

1 2 Mudstone-gray to brown (B). 1.4 0 .4

1 1 Coal-same as subunit 15 (D). 3.6 1 .1

1 0 Carbonaceous Shale-contain coal streak up to 
4 in. (10.2 cm) thick, coaly (D). 1.0 0 .3

9 Sandstone-gray, very fine to fine grained, non
calcareous, silty (C). 2.0 0 .6

8 Carbonaceous Shale-black (D). 2.4 0 .7
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SUDDUTH MINE PARTIAL SECTION OF THE LOWER PART OF THE MIDDLE MEMBER
nwnwsw sec. 15, T.9 N., R.78 W.

This section was measured in the Sudduth mine. The Sudduth coal bed at this 
location is approximately 160 feet (48.8 m) above the Coalmont-Pierre contact.

UNIT DESCRIPTION THICKNESS
feet meters

1 7 Sandstone-tan to gray, coarse grained near base and
fines up to medium grained at top, subangular to sub
rounded grains, poorly to moderately well sorted, con
glomeratic with granule sized clasts, trough cross
bedded with low angle foresets, ripple laminated near 
top, scoured basal contact, mineralogy similar to sand
stones below (A). 4.0 1 .2

1 6 Siltstone-tan to gray, fine to very fine sand
grains, sandy (B). 0.3 0.1

1 5 Sandstone-tan to gray, coarse grained, conglomeratic
with granule sized clasts, scoured base, similar to
subunit 17 (A). 2.1 0 .6

14  Siltstone-same as subunit 16 (B). 0.3 0.1

1 3 Sandstone-tan to gray, fine grained, sandy, ripple lam
inated (c). 0.8 0 .2

1 2 Siltstone-green to gray, abundant carbonaceous
detritus throughout, sandy (B). 4.3 1 .3

1 1 Sandstone-tan to gray, fine grained, ripple lamination,
abundant carbonaceous detritus throughout (C). 0.3 0.1

1 0 Carbonaceous Shale-brown, abundant carbon
aceous detritus including leaf imprints, almost entirely 
coalified but is still fissile (D). 1.2 0 .4
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9 Sandstone-tan to gray, very coarse at base and fines up
to medium to coarse near top, conglomeratic with granule 
sized clasts near base, subangular to subrounded,trough 
cross-bedded with low angle fore sets, scoured base, 
organic debri and coaly pockets are abundant, clay 
cemented mineralogy: 50-60% quartz, 35-45% ortho-
clase feldspar, 10% rock fragments, 1% mica (A). 6.8 2.1

8 Mudstone-gray to brown, abundant carbonaceous detritus
throughout (B). 1.0 0 .3

7 Carbonaceous Shale-brown to black (D). 0.5 0 .2

6 Coal-black, hard, shiny, conchoidal fracture, cleated (D). 2.0 0 .6

5 Mudstone-gray to brown, abundant carbonaceous det
ritus (B). 1.4 0 .4

4 Coal-same as subunit 6 (D). 23.7 7 .2

3 Carbonaceous Shale-black, coaly (D). 0.3 0.1

2 Coal-same as subunit 6, sample S iô  was take approx.
0. 8 ft. (0.24 m) below top of unit (D). 2.6 0 .8

1 Mudstone-gray (B). 6.0 1 .8
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CAPRON MINE PARTIAL SECTION OF THE MIDDLE MEMBER
swse sec. 19, T.9 N., R.78 W.

Section was measured in the Capron mine. The lower coal bed is approximately
2,000 feet (609.6 m) above the Sudduth coal bed.

UNIT DESCRIPTION THICKNESS
feet meters

2 4 Mudstone-gray (B). 2.0 0 .6

2 3 Sandstone-tan, very coarse to coarse at base, medium
grained to fine at the top, subangular to subrounded, poorly 
to moderately well sorted, trough cross-bedded with indiv
idual trough sets on the order of 1 foot (0.3 m) thick by 
3 feet (0.9 m) wide, ripple laminations superimposed on 
individual foresets, top contact is somewhat gradational 
into mudstone, basal contact is sharp and scoured, locally 
calcareous and resistant (A). 16.0 4 .9

2 2 Shale-dark gray, clayey, abundant carbonaceous detritus
throughout (B). 9.5 2 .9

2 1 Carbonaceous Shale-black to dark brown, thin beds of coal
with thicknesses on order of 3 in. (7.6 cm) maximum occur 
throughout, trough cross-bedded sandstone with lateral 
extent of approximately 80 feet (24.4 m) and a thickness 
of 6 feet (1.8 m) occurs laterally within the carbonaceous 
shale unit (B). 10.5 3 .2

2 0 Shale-same as subunit 22, but contains discontinuous
stringers of ironstone concretions with diameters of 
1 to 2 feet (0.3-0.6 m) (B). 14.5 4 .4

1 9 Carbonaceous Shale-brown with abundant coaly layers
(D) .  0.5 0.2

1 8 Coal-black, soft, cleated, dull weathered, shiny fresh, sample
CA 107 was taken approximately 1.6 feet (0.5 m) above the 
base of this subunit (D). 8.6 2 .6
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1 7 Carbonaceous Shale-black (D). 0.3 0.1

1 6 Coal-same as subunit 19 (D). 3.6 1.1

1 5 Carbonaceous Shale-brown, rooted (D). 0.1 0 .03

1 4 Mudstone-gray, sandy and silty intervals (B). 3.0 0 .9

1 3 Covered Interval-mudstone inferred, numerous lenticular 
sandstones occur throughout this interval. The sandstones 
are typically fine grained, ripple laminated, have a lateral 
extent of approximately 20-30 feet (6.1-9.1 m), and an 
average thickness of approximately 2 feet (0.6 m). The 
sandstones are interbedded with mudstone (B and C). 66.0 20.1

1 2 Sandstone-tan and maroon where ferruginized, very fine 
grained, ripple laminated, discontinuous with lateral ex
tent of approximately 20 feet (6.1 m), relatively sharp 
basal contact (C). 1.2 0 .4

1 1 Shale-light brown, clayey , fissile, occasional carbon
aceous plant fragments (B). 2.8 0 .9

1 0 Carbonaceous Shale-brown, 4 in. (10.1 cm) coal bed 
approximately 6 in (15.2 cm) from top of subunit (D). 5.0 1.5

9 Coal-same as subunit 19 (D). 1.2 0 .4

8 Carbonaceous Shale-brown, 3 in. (7.6 cm) coal bed at 
base on subunit (D). 1.6 0 .5

7 Mudstone-gray (B). 1.5 0 .5

6 Carbonaceous Shale-brown, very organic, fissile,
thin coal beds of up to 1 in. (2.5 cm) thick throughout
( D) .  5.0 1 .5

5 Siltstone-gray, sandy, very fine grained sand present in 
subunit (B). 2.2 0 .7

4 Sandstone-gray, fine to very fine grained, may be ripple 
laminated, partially ferruginized (C). 0.5 0 .2



Shale- gray, silty, fissile (B). i.O

Sandstone-tan, very fine to fine grained, well sorted, ripple 
laminated, has a sharp scoured base, very weakly cemented 
with clay cement (C). 4.2

Carbonaceous Shale-same as subunit 6. Contains thin coal 
beds up to 4 in. (10.2 cm) thick (D). 6.1
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CAPRON SE PARTIAL SECTION OF THE MIDDLE MEMBER
sese sec. 29, T.9 N., R.78 W.

This section was measured in a abandoned unnamed mine approximately 1.6 miles 
(2.8 km) southeast of the Capron mine. The lowermost coal at this location is 
approximately 2,000 feet (609.6 m) above the Sudduth coal bed.

UNIT 

1 9 

1 8

1 7

DESCRIPTION THICKNESS 
feet meters

Mudstone-gray (B).

1 6

1 5 

1 4 

1 3 

1 2 

1 1 

1 0 

9 

8

Coal-black, soft, shiny of fresh surface, cleated. 
Sample X-185 obtained approximately 2 feet (0.6 m) 
above base of subunit (D).

Sandstone-tan to light green, coarse at base and fines 
up to medium at top, subangular to subround, poorly 
sorted, coaly pods throughout, no bedding observed, 
mineralogy: 50-60% quartz, 30-40% orthoclase
feldspar, 10% rock fragments, 2% mica (C).

Claystone-gray, very coaly and abundant carbonaceous 
detritus throughout (B).

Covered Interval-shale inferred (B).

Shale-gray, clayey, fissile (B).

Carbonaceous Shale-brown (D).

Coal-same as subunit 18 (D).

Carbonaceous Shale-brown to black (D).

Covered Interval-mudstone inferred (B).

Carbonaceous Shale-brown to black (D).

Covered Interval-mudstone inferred (B).

2.0

6.5

5.5

9.0

56.5

24.5 

0.5

1.5

5.0

14.0

10.5

10.5

0.6

2.0

1 .7

2 .7  

17.2

7.5  

0.2 

0.5  

1 .5 

4.3

3.2

3.2



T - 3 8 4 6 73

7 Sandstone-tan to orange, fine to medium grained, mod
erately well sorted, subangular to subround, ripple 
laminated, calcareous and partially ferruginous, sharp 
contacts both on top and bottom contacts (C). 3.0 0 .9

6 Shale-gray to brown, clayey, abundant carbonaceous detritus
throughout, contains ironstone layers throughout (B). 20.5 6 .2

5 Carbonaceous Shale-black, coaly, fissile (D). 0.5 0 .2

4 Coal-same as subunit 18. Sample X-10 obtained 0.5 feet
(0.2 m) above base of subunit (D). 12.0  3 .7

3 Claystone-gray to brown, abundant carbonaceous detritus
throughout (B). 3.7 1.1

2 Sandstone-same as subunit 7 but is rooted (C). 2.3 1 .4

1 Mudstone-brown, contains abundant carbonaceous
detritus (B). 3.0 0 .9
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DIAMONDS" EXTENDED PARTIAL SECTION OF THE MIDDLE MEMBER 
south section: nwsw sec. 4, T.9 N., R.79 W. 
middle section: nene sec. 5, T.9 N., R.79 W. 

north section: sese sec. 32, T.10 N., R.79 W.

Due to the structural complexity of this area the exact stratigraphie position of 
this measured section is not known. It is likely that this measured section is at the same 
approximate stratigraphie position as the Capron mine and Capron SE partial sections. 
The coal near the base of this extended section was processed for palynology, but proved 
to be barren of palynomorphs.

UNIT DESCRIPTION THICKNESS
feet meters

1 8 Sandstone-tan, medium grained, moderately well sorted,
subangular to subrounded, weakly cemented with clay cement,
almost unconsolidated, no bedding observed (A). 5.0 1.5

1 7 Carbonaceous Shale-brown, very organic, thin beds of
coal (D). 2.3 0 .7

1 6 Claystone-gray (B). 0.4 0.1

1 5 Mudstone-brown to gray, abundant carbonaceous
detritus and coaly pods, sandy (B). 10.9 3 .3

1 4 Carbonaceous Shale-brown, thin beds of coal typically
less then 0.5 in. (1.3 cm) (D). 3.5 1.1

1 3 Mudstone-gray (B). 2.0 0 .6

12  Covered Interval-mudstone inferred (B). 231.0 70.4

1 1 Sandstone-tan to orange, medium grained, well sorted,
subrounded, weakly cemented with FeO cement, non- 
resistant, no bedding observed, sharp basal contact, 
thickness of subunit could not be determined because it 
is covered (C). 2.0 0 .6

1 0 Carbonaceous Shale-brown (D). 0.6 0 .2
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9 Claystone-gray, abundant carbonaceous detritus
throughout (B). 4.4

8 Carbonaceous Shale-brown, highly organic (D). 10.0

7 Covered Interval-pavement. 13.0

6 Sandstone-tan to orange, very coarse and conglomeratic except
for uppermost 10 feet (3.1 m), granule sized clasts, fines up
ward to fine to very fine grained at uppermost 10 feet, poorly 
sorted, subangular to subround, clasts subangular, weakly 
cemented with FeO and CaO in areas, however the unit is non- 
resistant overall, Trough cross-bedded in resistant intervals, 
no bedding can be observed where non-resistant (A). 38.0

5 Covered Interval. 91.0

4 Mudstone-gray, total thickness cannot be determined due to
cover, bottom contact sharp (B). 1.0

3 Sandstone-tan to gray, medium to coarse grained, subangular
to subrounded, poorly sorted, trough cross-bedding, scoured 
base, pinches out to the south into coal and mudstone. Coal bed 
truncated laterally by sandstone. Coal bed exposed is three feet 
but total thickness cannot be determined because base is covered. 
Sample D J - N - 2 8  was obtained in the lowermost 2 feet (0.6 m) 
of coal bed. Sample was barren of palynomorphs. Top of coal 
bed approximately 4 feet (1.2 m) below top of sandstone 
(A and D). 21.0

2 Mudstone-gray to brown, abundant carbonaceous detritus
( B) .  4.0

1 Sandstone-tan to orange, fine to medium grained, moderately
well sorted, subrounded to subangular, ripple laminated, very 
weakly cemented with CaO and possibly FeO (C). 1.4

1.3

3.1 

4 .0

11.6 

27 . 7

0.3

6.4

1.2

0.4
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DELANEY BUTTE PARTIAL SECTION OF THE MIDDLE MEMBER
swne sec. 33, T.9 N., R.80 W.

The exact stratigraphie position of this section cannot be determined for certain, 
but it is most likely contained in the upper part of the middle member of the Coalmont 
Formation based on Eocene pollen assemblages found nearby (Hail, 1965).

UNIT DESCRIPTION THICKNESS
feet meters

2 1 Conglomeratic Sandstone-tan, matrix very coarse to medium
grained, conglomeratic clasts up to 6 in (15.2 cm) in length 
occur in stringers, poorly sorted, subangular to subrounded 
grains, most likely trough cross-bedded with gravel sized lag 
deposits, but not certain because of poor exposure (A). 15.0 4 .6

2 0 Covered Interval-Conglomeratic Sandstone inferred, coarse
grained, granule to cobble-sized clasts, poorly sorted, poorly 
cement, non-resistant throughout, lithology determined by 
excavation (A). 116.0 35 . 4

1 9 Covered Interval-sandstone inferred, tan to brown,
sand is coarse to fine grained, poorly sorted, subangular to 
subround, high amounts of silt-sized and smaller particles, 
micaceous, poorly cemented and nonresistant, lithology deter
mined by excavation (A). 35.0 10.7

1 8 Covered Interval-sandstone inferred, medium to fine near
base, fine grained at top, subangular to subround, poor to 
moderately well sorted, noncalcareous, non-resistant, lith
ology determined by excavation (A). 8.5 2 .6

1 7 Covered Interval-sandstone inferred, greenish gray,
fine grained, micaceous, silty, high percentage of silt and 
smaller sized particles, contain pods of carbonaceous matter 
nonresistant lithology determined from excavation (A). 4.0 1 .2

1 6 Covered Interval-sandstone inferred, tan to yellow, fine to
medium grained, subrounded, micaceous, non-resistant, 
contains carbonaceous detritus throughout, lithology deter
mined from excavation (A). 9.5 2 .9



T - 3 8 4 6 77

1 5 Covered interval-shale inferred, dark gray, micaceous,
high percentage of sand-sized grains, fissile, lithology deter
mined from excavation (B). 10.5

1 4 Covered Interval-sandstone inferred, tan, medium grained, non-
resistant, no bedding features observed, lithology determined 
from excavation (C). 2.5

1 3 Covered Interval-shale inferred, brown, slightly mica
ceous and silty, fissile (B). 1.0

1 2 Sandstone-gray to tan, fine grained, ripple to subparallel lam
inated (C). 1.0

1 1 Shale-brown, sandy, fine-grained sand present, abundant
carbonceous detritus (B). 2.8

1 0 Sandstone-gray to tan, coarse grained near top, fine grained near
base, subangular to subrounded, moderately well sorted, parallel, 
sub-parallel, and ripple lamination with preserved ripples on top
surface of this subunit, ripple lamination superimposed on low
angle fore sets of trough cross-bedding near base, sharp base, sub
unit pinches out laterally into shale, lateral extent of 85 feet 
(25.9 m) (C). 6.2

9 Shale-sandy, same as subunit 11 (B). 8.8

8 Sandstone-gray, fine to medium grained, partially ferruginized,
no bedding features observed (C). 0 .7

7 Shale-brown, silty, abundant carbonaceous detritus throughout,
petrified wood near top (B). 15.0

6 Sandstone-ferruginized, fine to medium grained (C). 0.8

5 Shale-silty, same as subunit 7 (B). 12.0

3 .2

0.8

0 .3

0 .3

0 .9

1.9  

2 .7

0.2

4 .6  

0.2

3 .7
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Sandstone-gray to white and orange, very coarse near base to 
medium grained near top, conglomeratic with granule sized 
clasts, subround to subangular, moderately well to poorly 
sorted, subparallel laminated near top and trough cross
bedded at base, highly erosional base, calcareous and 
resistant (A). 5.2 1 .6

Sandstone-gray to brown, silty, very fine sand with high percent
age of silt and finer sized sediment, micaceous, non-resistant and 
friable, relatively sharp base (C). 2.8 0 .9

Shale-green, sandy, micaceous, increasing sand toward top, abund
ant carbonaceous detritus throughout (B). 15.5 4 .7

1 Shale-brown to gray, silty, occasional carbonaceous detritus
present, fissile (B). 55.5 16.9
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DELANEY BUTTE WEST PARTIAL SECTION OF THE MIDDLE MEMBER
nenw sec. 6, T.8 N., R.80 W.

The base of this section is approximately 640 feet (195.1 m) above the Pierre 
Shale-Coalmont Formation contact and 1,220 feet (371.9 m) below the base of the 
Delaney Butte partial section.

UNIT DESCRIPTION THICKNESS
feet meters

9 Conglomeratic Sandstone-tan, very coarse to medium grained
matrix, conglomeratic clasts of cobble size is common, sub
angular to subround, poorly sorted, scour and fill trough cross
bedded throughout, individual trough sets have fining upward 
trend from gravel sized channel lag to coarse grained near top, 
highly scoured base, mud rip-up clasts at the base, coaly pods 
throughout, calcareous, resistant, subunit pinches out laterally 
with a lateral extent of approximately 340 feet (103.6 m) to
the west (A). 18.0 5 .5

8 Claystone-brown to gray, small amount of sand (B). 1.2 0 .4

7 Carbonaceous Shale-brown (D). 0.3 0.1

6 Mudstone-gray to green, high percentage of fine-grained
sand, micaceous, contains several sandy intervals less than 1
foot (0.3 m) in thickness, abundant carbonaceous detritus
throughout, rooted (B). 9.8 3 .0

5 Sandstone-gray to tan, very coarse at base and fines up to fine
grained at top, subangular to subround, poorly to moderately 
well sorted, trough cross-bedded with low angle foresets, 
scoured base (A). 5.5 1 .7

4 Mudstone-same as subunit 6, but also contains ironstone
concretions of up to 15 in. (30.1 cm) in diameter and 
petrified wood fragments up to 3 in. (7.6 cm) in length 
( B ) .  8.5 2.6



Conglomeratic Sandstone-gray to green, very coarse with gran
ule sized clasts, subangular to angular, poorly sorted, trough 
cross-bedded with individual trough sets on order of 2-3 feet 
(0.6-0.9 m) wide and 1 foot (0.3 m) thick, scoured base and 
sharp upper contact, lenticular morphology (A). 2.0

Mudstone-same as subunit 6 and 4 (B). 8.0

Conglomeratic Sandstone-gray to tan and orange, coarse to very 
coarse matrix with granule sized clasts, subangular to angular, 
poorly sorted, trough cross-bedded with trough sets on the order
of 2-3 feet (0.6-0.9 m) wide and 1 foot (0.3 m) deep, low angle
foresets, fining upward trend in individual trough sets, weakly 
cemented with calcite and iron oxide cement, friable, pinches out 
laterally into mudstones, lateral extent of 36 feet, sharp bottom 
and top contacts (A). 7.0
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SHEEP MOUNTAIN PARTIAL SECTION OF THE LOWER PART OF THE MIDDLE MEMBER
swne sec. 8. T.9 N., R.81 W.

The base of this section is approximately 25 feet (7.6 m) above the Pierre Shale- 
Coalmont Formation contact.

U N E  DESCRIPTION THICKNESS
feet meters

3 Conglomerate-gray to tan, clasts of pebble to cobble sized,
matrix of fine to very coarse grained and subangular to sub
rounded grains, clasts angular to rounded, trough cross-bedd
ed with trough sets on order of 2-5 feet (0.6-1.5 m) thick 
and 10-15 feet (3.1-4.6 m) wide, individual foresets fine 
upward from conglomerate at the base to medium at the top, 
clay cemented with local areas of calcite cement, resistant, 
clasts of crystalline rock fragments, quartz, and feldspar, 
matrix mineralogy similar to clasts, scoured basal contact, 
top grades upward into conglomeratic sandstones (A). 26.0+ 7 .9  +

2 Mudstone-brown, abundant carbonaceous detritus through
out, micaceous (B). 4 .5  1.4

1 Sandstone-fine to very fine grained with a high percentage
of silt-sized and finer grained particles, ripple and parallel- 
laminated, micaceous, abundant carbonaceous detritus, inter- 
bedded with thin mud beds up to 2 in. (5.1 cm) (B and C). 21.0 6 .4
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GRIZZLY CREEK EXTENDED SECTION OF THE LOWER PART OF THE MIDDLE MEMBER
south: sene sec. 5, T.5 N., R.81 W. 

middle: nene sec. 5, T.5 N., R.81 W. 
north: sesw sec. 33, T.6 N., R.81 W.

The base of this extended section is approximately 454 feet (138.4 m) above the 
Pierre Shale-Coalmont Formation contact in the lower part of the lower member.

UNIT DESCRIPTION THICKNESS
feet meters

2 0 Sandstone-tan, very fine to fine grained, moderately well
sorted, subrounded, contains carbonaceous detritus and thin 
carbonaceous layers, weakly cemented with clay, non-resist
ant, slightly scoured basal contact, upper extent cannot be 
determined because of cover (A). 3.0 0 .9

1 9 Carbonaceous Shale-brown to black (D). 0.8 0 .2

1 8 Partially Covered Interval-conglomeratic sandstone, tan,
medium to very coarse grained with granule sized clasts, 
poorly sorted, weakly cemented with clay cement, non- 
resistant, lithology determined from excavation (A). 103.0 31 . 4

1 7 Sandstone-gray to tan, very fine grained, subrounded,
moderately well sorted, silty, ripple laminated,
non-resistant (A ). 0.8 0 .2

1 6 Conglomerate-gray to tan, pebble sized clasts, subangular to
subrounded clasts, matrix fine to very coarse grained, poorly 
sorted, trough cross-bedded with scoured base, grades upward 
into overlying silty sandstone (A). 1.5 0 .5

1 5 Sandstone-tan, fine grained, subrounded grains, moderately
well sorted, micaceous, slightly conglomeratic in top half, 
appears to be trough cross-stratified (A). 6.5 2 .0

1 4 Partially Covered Interval-sandstone, tan, very fine to fine
grained, contains thin layers of coarse sand up to 1 foot (0.3 m)
thick, micaceous, no bedding observed (A). 5.2 1 .6
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1 3 Sandstone-gray to tan, coarse grained, moderately well sorted,
non-resistant, no bedding observed (A). 1.2 0 .4

1 2 Sandstone-fine grained, non-resistant, no bedding
observed (A). 1.1 0 .3

1 1 Sandstone-similar to subunit 12 (A). 0.5 0 .2

10  Sandstone-similar to subunit 11 (A). 1.2 0 .4

9 Sandstone-gray to tan, coarse grained, subround to subangular,
moderately well sorted, partially cement by calcite cement, 
slightly scoured base, no bedding features observed, 
resistant (A). 2.5 0.8

8 Carbonaceous Shale-gray to black, caoly, contains 5 in. (12.7
cm) thick coal bed one foot above base of subunit, coal is lent
icular and pinches off into carbonaceous shale laterally, sub
unit has sharp contacts above and below (D). 2.3 0 .7

7 Conglomeratic Sandstone-gray to tan, coarse to very coarse with
conglomeratic intervals of pebble and granule sized clasts, sub
angular to subrounded grains, poorly sorted, planar tabular and 
trough cross-bedded with low angle foresets, individual trough 
sets have fining upward trend, trough sets on order of 2-4 feet 
(0.6-1.2 m), highly scoured subunit, iron staining can be ob
served along individual laminae of trough sets, clasts consist pre
dominantly of crystalline rock fragments, quartz, and orthoclase 
feldspar, partially cemented with clay and calcite cement, resist
ant where calcite cement is present, otherwise friable and non- 
resistant, upper contact is relatively sharp, lower contact un
known due to cover (A). 13.3 4.1

6 Covered Interval-conglomeratic sandstone inferred, tan to orange,
fine to very coarse with granule and pebble sized clasts, subround 
to subangular grains and clasts, poorly sorted, non-calcareous and 
nonresistant in general with exception of local calcite cemented inter
vals that are resistant, trough cross bedding and ripple and sub
parallel lamination can be seen in resistant interval (A). 44.5 13.6

5 Siltstone-gray to brown, micaceous, abundant carbonaceous
detritus throughout (B). 28.0 8 .5
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Carbonaceous Shale-black, abundant organic matter,
fissile (D). 1.3 0 .4

Claystone-gray, abundant carbonaceous detritus
throughout (B). 1.5 0 .5

Coal-black, shiny of fresh surfaces, conchoidal fracture,
cleated, weakly fissile. Sample GC-A-1.2 obtained at base of
coal (D). 3.0 0 .9

Mudstone-gray, slightly micaceous, abundant carbonaceous
detritus throughout (B). 2.5 0 .8
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COALMONT PARTIAL SECTION OF THE LOWER PART OF THE UPPER MEMBER
swsw sec. 24, T.7 N., R.81 W.

The base of this section is approximately 1,463 feet (445 9 m) above the middle 
and upper member contact in lower part of the upper member.

UNIT DESCRIPTION THICKNESS
feet meters

4 5 Mudstone-gray to brown (F). 1.0 0 .3

4 4 Carbonaceous Shale-brown to gray, contains petrified
wood fragments, thin coal beds of less than 0.5 in.
(1.3 cm) (G). 6.0 1 .8

4 3 Coal-black, hard, shiny of fresh surfaces, cleated (G). 6.0 1.8

4 2 Carbonaceous Shale-brown to black, coaly near top, fissile,
abundant carbonaceous matter throughout (G). 22.5 6 .9

4 1 Siltstone-gray to green, micaceous, abundant carbonaceous
detritus throughout (F). 11.5 3 .5

4 0 Shale-green, silty, micaceous, fissile (F). 3.6 1.1

3 9 Claystone-brown, sandy, contains sand of up to coarse grain
size, micaceous (F). 23.0 7 .0

3 8 Mudstone-brown, moderate amounts of carbonaceous detritus
and coaly pods throughout (F). 9.0 2 .7

3 7 Claystone-gray to green, ironstone concretions of up to 1.5
feet (0.5 m) in diameter (F). 8.0 2 .4

3 6 Carbonaceous Shale-brown to black, caoly, numerous coal beds
of up to 1 in. (2.5 cm) throughout (G). 4.3 1 .3

3 5 Mudstone-gray to green, slightly micaceous, carbonized plant
fragments up to 1 in. (2.5 cm) in diameter (F). 4.9 1.5
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3 4 Siltstone-brown, micaceous, abundant carbonaceous
detritus (F). 0.8 0 .6

3 3 Mudstone-same as subunit 35 (F). 0.8 0 .6

3 2 Carbonaceous Shale-brown to black (G). 3.5 1.1

31 Siltstone-green, micaceous, abundant carbonaceous
detritus (F). 3.2 1 .0

3 0 Sandstone-gray to tan, coarse to medium at base and fines up
to medium to fine grained at top, subround to subangular, mod
erately well sorted, trough cross-stratified with superimposed 
ripple lamination, highly calcareous, calcite cemented, also has 
ferruginous interval, lenticular morphology, pinches out later
ally with a lateral extent of approximately 70 feet
(21.3 m) (E). 3.2 1 .0

2 9 Mudstone-brown to gray, abundant carbonaceous detritus, con
tains petrified wood fragments up to 4 in. (10.2 cm) in dia
meter (F). 9.0 2 .7

2 8 Sandstone-tan to maroon, fine to medium grained, subangular
to subrounded, well sorted, micaceous, partially
ferruginous (E). 3.0 0 .9

2 7 Claystone-brown to green, moderate amounts of carbonaceous
detritus (G). 4.0 1 .2

2 6 Carbonaceous Shale-brown to black, coaly, very carbonaceous,
coalified wood fragments of up to 4 in. (10.2 cm) in
diameter (G). 4.8 1 .5

2 5 Mudstone-gray to green, micaceous, abundant carbonaceous
detritus with pods of coal (F). 1.5 0 .5

2 4 Sandstone-gray, medium to coarse grained, subangular, moder
ately well sorted, calcareous, no bedding observed (E). 1.8 0 .6

2 3 Covered Interval. 7.0 2.1
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Sandstone-tan, coarse to medium grained and fines upward to 
medium grained, subangular, moderately well sorted, ripple 
laminated, erosional base, overall lenticular shape, pinches
out with lateral extent of 12.0 feet (3.7 m) (E). 5.5 1 .7

Siltstone-green, micaceous, abundant carbonaceous wood frag
ments (F). 1.4 0 .4

Siltstone-ferruginized, maroon to orange, abundant mica, 
bedding observed, lateral extent of 17 feet (5.2 m) (F).

no
0.6 0 .2

Mudstone-same as subunit 25 (F). 1.8 0 .5

Sandstone-silty, micaceous, no bedding observed (G). 0.6 0 .2

Claystone-gray to green, fissile (F). 1.5 0 .5

Carbonaceous Shale-brown, abundant carbonaceous matter,
numerous thin coaly laminations of up to 0.5 in
(1.3 cm) (G). 3.5 1.1

Covered Interval. 26.0 7 .9

Sandstone-tan, fine to medium grained, subround, moderately 
well sorted, micaceous, no bedding observed (E). 3.6 1.1

Sandstone-ferruginized, same as subunit 14, but 
ferruginous (E). 1.4 0 .4

Siltstone-brown to gray, micaceous, abundant carbonaceous 
detritus (F). 2.0 0 .6

Mudstone-gray to green, abundant carbonaceous detritus, 
carbonized plant fragments of up to 1 in. (2.5 cm) in 
diameter, contains ironstone concretions of up to 1.5 feet 
(0.5 m) in diameter (F). 10.0 3 .0

Sandstone-tan to gray, fine to medium grained, moderately 
well sorted, subrounded, no bedding features observed, 
very weakly cemented, friable and non-resistant (E). 8.5 2 .6

Siltstone-green, micaceous, fissile (F). 3.0 0 .9
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8 Claystone-green, occasional carbonaceous detritus (F). 3,0 0 .9

7 Carbonaceous Shale-brown to black, fissile (G). 6.5 2 .0

6 Sandstone-tan to gray, very coarse at base and fines up to 
medium grained near top, angular to subrounded, poor to 
moderately well sorted, trough cross-stratified, individual 
trough sets on order of 3-4 feet (0.9-1.2 m) wide and 1 foot 
(0.3 m) thick, low angle foresets, erosional base, somewhat 
gradational upper contact, lenticular shape overall, pinches 
out with lateral extent of 60 feet (18.3 m) (E). 5.5 1 .7

5 Carbonaceous Shale-brown to black (G). 3.0 0 .9

4 Claystone-gray to green (F). 9.0 2 .7

3 Carbonaceous Shale-brown to black, fissile (G). 2.7 0 .8

2 Coal-black, cleated (G). 3.0 0 .9

1 Carbonaceous Shale-brown to black, fissile (G). 15.0 4 .6
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COALMONT ROAD CUT PARTIAL SECTION OF THE LOWER PART OF THE UPPER MEMBER
sene sec. 14, T.7 N., R.81 W.

The base of this section is approximately 1,465 feet (446.5 m) above the middle 
and upper member contact.

UNIT DESCRIPTION THICKNESS
feet meters

1 7  Mudstone (F) 1.0 0 .3

1 6 Sandstone-very fine to fine grained, moderately well sorted,
micaceous, ripple laminated, weakly cemented and friable 
(E) .  2.3 0 .7

1 5 Mudstone-gray to brown, micaceous, abundant carbonaceous
detritus, fissile (F). 5.4 1 .6

1 4 Sandstone-tan to gray, fine to medium grained, micaceous,
ripple to parallel laminated, non-resistant (E). 2.1 0 .6

1 3 Mudstone-same as subunit 15 (F). 5.0 1.5

1 2 Silty Sandstone-very fine to fine grained, micaceous, poor
to moderately well sorted, ripple to parallel laminated
(E) .  1.5 0.5

1 1 Shale-brown, abundant carbonaceous detritus, fissile
( F ) .  4.1 1.2

1 0 Siltstone-gray, micaceous, abundant carbonaceous
detritus (F). 0.3 0.1

9 Shale-same as subunit 11 (F). 4.0 1 .2

8 Mudstone-brown, abundant carbonaceous detritus (F). 13.0 4 .0

7 Carbonaceous Shale-brown to black, abundant carbonized
plant fragments, fissile (G). 11.0 3 .4

6 Mudstone-same as subunit 8 (F). 15.0 4 .6
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5 Carbonaceous Shale-brown to black, numerous coal layers
of up to 2 in. (5.1 cm) in thickness (G). 6.6 2 .0

4 Coal-black (G). 1.2 0 .4

3 Carbonaceous Shale (G). 5.5 1.7

2 Covered Interval-pavement. 2.5 0 .8

1 Carbonaceous Shale-brown to black, contains coalified
wood fragments (G). 10.0 3.1
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MEXICAN RIDGE COAL PARTIAL SECTION OF THE LOWER PART OF THE UPPER MEMBER
nesw sec. 9, T.6 N., R.81 W.

The base of this section is approximately 325 feet (99.1 m) above the middle and 
upper member contact.

UNIT DESCRIPTION THICKNESS
feet meters

5 Shale-gray, abundant carbonaceous detritus,
micaceous (F). 2.0 0 .6

4 Carbonaceous Shale-brown to black, thin beds of coal
up to 1 foot (0.3 m) thick occur throughout this sub
unit, also contains petrified wood fragments (G). 16.2 4 .9

3 Coal-black, shiny of fresh surface, soft, cleated,
thin interbedded carbonaceous shale from 1-4 in.
(2.5-10.2 cm) thick occur in coal bed, petrified 
log with diameter of 2.5 feet (0.8 m) in diameter 
and 30 feet (9.1 m) in length occurs at the basal 
contact with underlying carbonaceous shale. Sample 
M E X - 9  obtained approximately 9 in. (22.9 cm)
above base of this coal bed (G). 6 .0  1.86.0

2 Carbonaceous Shale-brown to black (G). 3.0 0 .9

1 Shale-gray, fissile (F). 6.0 1 .8
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