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ABSTRACT

The Corral Bluffs are a potential source of much 
geologic information. They contain vertebrate fossils and 
microfossils, and offer excellent exposures of fluvial 
deposits in three dimensions. Up to now this potential has 
gone largely untapped, and only a few scientists have 
studied these exposures. No comprehensive study of the 
stratigraphy has been published and the microfossils have 
not been studied at all. The vertebrate fossils that have 
been found there have not been used to determine the 
correct relative age of the sediments.

This paper is an attempt to provide a more complete 
picture of the Denver Formation at Corral Bluffs and to 
draw attention to the need for detailed studies of the 
sediments there. To accomplish this a 170 ft (52m) thick 
section of the Denver Formation was measured. Analysis 
of this section and comparison with modern analogs support 
the conclusion of Morse (1979) that the depositional 
environment was a meandering stream system.

Mudstone samples were collected from the section, then 
processed and examined for the presence of microfossils. 
An assemblage of four Momipites form-species was dominant 
among the pollen and spores found. One of the forms is
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informally proposed as a new species, Momipites deltatus. 
The measured section has been correlated with vertebrate 
fossils found by Middleton (1983). This yields a relative 
age for the assemblage of early Puercan. This information 
can now be used to expand the Rocky Mountain palynomorph 
zones established by Newman (1980-1989).

This work also summarizes the history of the studies 
of the southern Denver Basin. There has been confusion in 
previous works due to uncertainty about the location of the 
Denver-Dawson Formation boundaries. By analyzing numerous 
interpretations of the Denver-Dawson contact, it is clear 
that Bolster's (1978) definition should be the standard for 
the southern Denver Basin. The impact of this is that 
the exposures that form the bluffs at Corral Bluffs belong 
to the Denver Formation and not the Dawson.
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INTRODUCTION

There exists no better method for age dating or 
correlation across wide geographic areas than with fossils. 
Vertebrate fossils are frequently used for this purpose and 
much is known about the ages and stratigraphie range zones 
of the ancient fauna; however, vertebrates are not always 
available for correlation. In contrast, microfossils such 
as pollen and spores may be found in many fine-grained
sediments, but significantly less is known about their 
range zones and ages. Newman (1980-1989) has spent several 
years studying Late Cretaceous and Early Paleocene 
palynomorphs at vertebrate fossil localities in order to 
establish definitive range zones for these microfossils by 
correlation with known mammalian localities.

As the Corral Bluffs are a good source of vertebrate 
fossils and their age is slightly younger than the
Baioconodon Denverensis locality used for pollen 
correlation by Newman (1979) they have the potential to
supplement Newman's work. This work is to be a study of 
the microfossils of a Paleocene section of the Denver 
formation at Corral Bluffs to determine what pollen and
spores are associated with the vertebrate fossils found 
there by Middleton (1983) and others. The relative age of
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the pollen found will be determined from this correlation. 
This information will then be useful for expanding the 
regional palynomorph range zones established by Newman 
(1980-1989). This will give workers another tool for 
relative age dating of sediments in the region.

A review of previous studies of Corral Bluffs and the 
southern Denver Basin will also be undertaken. This is 
particularly important because of the confusion that has 
existed regarding the location of the Denver-Dawson 
Formation contact. Understanding what the various 
interpretations are should provide the reader with a better 
opportunity to judge which one is correct.

The stratigraphy at Corral Bluffs will also be 
analyzed. A detailed columnar section has been prepared 
and will be compared with modern analogs. This will permit 
a determination of the depositional environment of the 
sediments and verification of Morse's (1979) 
interpretation.

Geographic Location 
The area of study is located in El Paso County, in 

Central Colorado, in the Corral Bluffs Quadrangle, T. 13-15 
S. and R. 64-65 W. (Figure 1). The section measured begins 
in the SW 1/4 sec. 5, T. 14 S. and R. 64 W. and ends in the
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NW 1/4 sec. 5, T. 14 S. and R. 64 W. The study area is two 
miles (3.2 km) north of Highway 94, and ten miles (16 km) 
east of the city of Colorado Springs, which is the nearest 
major town. The Corral Bluffs area receives only ten to 
fifteen inches (38 cm) of rain each year and as a result 
has only a light cover of dry grasses, scrub oak and 
ponderosa pine. This leaves the strata well exposed, 
particularly on the steep slopes of the bluffs.
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Figure 1 - Location of study area at Corral Bluffs.
Points A and A' define line of cross section shown at 
Figure 9.
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PREVIOUS WORK

Although the Corral Bluffs have a long history of 
geologic study, dating back 120 years, the work has been 
limited in scope and the actual number of studies few. 
Hayden (1869) was the first geologist to study the rocks of 
the Denver Basin. This work was completed as part of a 
broad survey of the New Mexico and Colorado territories 
that took several years to complete. Hayden called the 
rocks along the base of the Front Range of Colorado the 
Monument Creek Group, and initially believed their age to 
be "Modern Tertiary".

Cope (1874) determined the age of the Monument Creek 
Group to be Miocene on the basis of vertebrate fossils. The 
Monument Creek Group was subsequently divided into several 
formations. Cross and Eldridge (1896) identified and named 
the Denver and Arapahoe Formations.

Richardson (1912) divided the southern part of the 
Monument Creek Group into the Dawson Arkose and the Castle 
Rock Conglomerate, and separated the two by an unconformity 
he believed to be the Cretaceous-Tertiary boundary. 
Richardson named the Dawson Arkose for the exposures at 
Dawson Butte and mapped its areal extent as ranging from 
Colorado Springs to a line that ran northwest from Castle
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Rock (Figure 2). He correctly categorized the rock as an 
arkose, and determined the depositional environment to be 
continental. Richardson was also the first worker to 
discover fossil remains at Corral Bluffs, as he identified 
remains of a crocodile, an Eocene creodont, and several 
species of plant leaves.

Richardson also stated that "...the Arapahoe and
Denver formations are equivalent to the lower part of the
Dawson Arkose...." Confusion about the relationship and
naming of these Denver Basin rocks would last until the
present day, and virtually any use of the formation names 
or thicknesses requires an explanation as to which
interpretation of the formation relationships the author 
subscribes. All of the earlier studies of the Corral
Bluffs referred to the formation there as the Dawson. The
Denver-Dawson relationship has since been redefined by 
Soister (1978) and the Tertiary sediments at Corral Bluffs 
were reclassified as part of the Denver Formation.

Dane and Pierce (1936) also studied Corral Bluffs.
They gave general lithologie descriptions of the formation 
but gave no specific conclusions about the depositional 
environment. Their conclusions on the extent and thickness
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of the Dawson Formation were similar to Richardson's 
(1912), but they were the first workers to divide the
Dawson into two members.

Brown (1943) used mammal and dinosaur fossils in an 
attempt to locate the Cretaceous-Tertiary boundary at
Corral Bluffs. Because in different locations both the 
Denver and Dawson as previously defined contained the
boundary. Brown proposed that those two formation names be 
retained only for the sections above the boundary. The
Laramie Formation was to include all Upper Cretaceous 
strata above the Fox Hills Sandstone. Because this
definition left no boundary between the formations that 
could be easily identified in the field, it never gained 
wide acceptance. Brown also determined that the
mammal-bearing portion of the Dawson was Puercan and, 
hence, Paleocene in age.

Soister (1968) completed a detailed geologic map of 
the Corral Bluffs quadrangle. This included lithologie
descriptions of the formations and the locations of 
previous fossil finds such as Brown's (1943). Soister
reported the thickness of the Dawson Formation as 1,350 ft
(410m) and stated that it included the Cretaceous-Tertiary 
boundary. Soister (1978) modified his earlier definition 
regarding the thickness, because he had included beds that
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he then (1978) reclassified as the Denver and Arapahoe 
Formations. In essence, Soister's (1968) definition was 
that the Dawson was a single, undifferentiated formation
that was late Cretaceous and early Tertiary in age. His
(1978) definition differentiated the Denver and Dawson 
Formations at a mappable contact that he discovered through 
lignite studies. This definition altered the lateral extent 
of the Dawson Formation from previously mapped
interpretations, and meant that the Dawson did not extend 
to the Corral Bluffs (Figure 3). Soister also divided the 
Dawson into upper and lower members based on a paleosol 
found in some localities.

Morse (1979) conducted a more detailed stratigraphical 
study of the Corral Bluffs than had been previously
completed. His dissertation was on the stratigraphy and 
depositional environment of the late Cretaceous and early 
Tertiary rocks of the southern Denver Basin, and included a 
study of the bluffs and their depositional environment. 
Morse's interpretation of the relationship between the 
northern and southern formations of the basin was that the 
Denver and Arapahoe formations were laterally contiguous 
with the Dawson Arkose; thus, they did not exist in the 
study area, but only in the northern Denver Basin. 
Clearly, Morse did not subscribe to Soister's definition.
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His greatest contribution to the study of Corral Bluffs was 
the first modern interpretation of the depositional 
environment, which he concluded was a meandering stream 
system.

The next study of the Corral Bluffs was Middleton's 
(1983) doctoral dissertation. This work was a study of 
vertebrate fossil localities in the southern Denver Basin, 
including Corral Bluffs. Middleton discovered several 
species of mammals that were not previously known there. 
Middleton's mammal discoveries provided the framework for 
the correlation of palynomorphs found in this work.

Palynology
No previous studies of the palynology of Corral Bluffs 

have been found by this author. The closest study 
geographically is Kluth and Nelson's (1988) study of the 
palynomorphs of part of the Dawson Arkose at the Air Force 
Academy near Colorado Springs to determine its age there. 
Part of the Dawson at that location is late Cretaceous in 
age, and older than the Paleocene rocks at Corral Bluffs.

Newman (1979, 1988, 1989a) has conducted extensive
studies of early Tertiary palynomorphs in the South Table 
Mountain area near Golden, Colorado. His works are an 
ongoing attempt to determine range zones for palynomorphs
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found throughout the Rocky Mountain region and correlate 
them with land mammal ages. Newman (1989b) provides a 
summary of Sloan (1987) and Archibald et al. (1987) land 
mammal age zones, and suggests palynomorph range zones for 
correlation. That work summarizes Newman's many years of 
work with pollen age zones throughout the area. Newman 
(1980) contains an earlier version of his Paleocene 
palynomorph range zones. This thesis should be an 
important addition to Newman's work, because the section 
measured at Corral Bluffs has yielded mammals considered to 
be slightly younger than those found at South Table 
Mountain.
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GEOLOGIC SETTING 

Structure
The Corral Bluffs study area is in the Denver Basin 

tectonic province. The Denver Basin is a north-south 
oriented basin that is 200 miles (320 km) wide and 300 
miles (480 km) long (Figure 4). It encompasses most of 
eastern Colorado and extends northward into Wyoming. 
Kirkham and Ladwig (197 9) and other workers have subdivided 
the Denver Basin into two basins, the Denver and the 
Cheyenne, which are separated by a former topographic high 
that was located near what is now the town of Greeley, 
Colorado. This study is not concerned with the Cheyenne 
Basin, but only the Denver Basin as defined by Kirkham and 
Ladwig (197 9).

The tectonic history of the basin is inseparable from 
the history of the Front Range and the Colorado Rocky 
Mountains immediately to the west. As the Rocky Mountains 
have been uplifted and subsequently eroded throughout 
geologic time, the basin has subsided and been refilled by 
sediments. Other than drag folding and faulting that was 
associated with the orogenies to the west and limited to 
the edges of the basin, there has been only limited 
tectonic activity within the Denver Basin. According to
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Sonnenberg (1981), the only significant tectonic events 
have been recurring block faulting of basement blocks in 
some areas of the basin. Thus, to understand the
sedimentation and structural history of the Denver Basin, 
one must understand the tectonics of the nearby Rocky 
Mountains.

The formation of the structures of the Colorado Front 
Range and the Denver Basin began approximately 17 90 mya 
when the area became attached to the Wyoming craton (Tweto, 
1980, and Reed, et al. 1988). The rocks from that early, 
Precambrian period are commonly biotite schists inter
layered with gneiss or quartz-feldspathic gneisses. Both 
groups of rocks reached upper amphibolite facies conditions 
and are interlayered in a complex manner. The biotite-rich 
group is believed by Reed et al. (1988) to be of 
sedimentary origin. Thus sedimentation was taking place in 
the Rocky Mountain region as early as the Precambrian. 
After being attached to the craton, the rocks were intruded 
by syntectonic plutons of the Boulder Creek age. Later in 
the Proterozoic, about 1000 mya, rocks of the Pikes Peak 
batholith were emplaced in the area.

At the beginning of the Paleozoic time period, most of 
Colorado, including the Denver Basin, was submerged low 
enough to be covered by marine limestone and shale deposits
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of Cambrian through Mississippian age. Although these 
sediments were deposited throughout Central Colorado, most 
of the rocks have been subsequently eroded in those areas 
by later uplifts (Sonnenberg, 1981, Reed et al., 1988).

During the early Pennsylvanian, the Ancestral Rockies 
were formed near the sites of the present-day Front Range 
and the Sawatch Range (Mallory, 1972). This period marked 
the first time that the Denver Basin acted as a unique 
province. Although the Cambrian to Mississippian beds had 
existed throughout the Denver Basin, they were not 
uniformly eroded, and the study area is one of the few 
areas where they survived to the present day. The 
sediments deposited in the Pennsylvanian and Permian ages 
covered the entire basin. These sediments were shed into 
the basin by erosion of the Ancestral Rockies to the west. 
Erosion of the uplifted area lasted from the late Paleozoic 
through the close of the Jurassic (Reed et al., 1988). At 
the start of Cretaceous time the earlier topographic highs 
were almost completely leveled, and all of Colorado was 
covered by the Western Interior Cretaceous Seaway (McGookey 
et al., 1972). Thick marine sediments were deposited 
throughout the Cretaceous.

During the late Cretaceous, the cycle of uplift and 
erosion began again, and the Laramide Orogeny occurred
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Figure 5. Colorado during the time of the Laramide 
orogeny. Sediments shed from the Laramide Rockies formed 
the Denver Formation of this study. (Robinson, 1972)
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(Figure 5). This lasted through the middle to late Eocene. 
The Laramide features were not merely superimposed on the 
Ancestral Rocky Mountain features, but had their own unique 
tectonic style. Laramide deformation was responsible for 
forming the Sawatch and Mosquito Ranges, the Front Range, 
and the Denver Basin (Reed et al., 1988).

Erosion of these Laramide features began as they were 
uplifted and was completed by the close of the Eocene. 
Extensive uplift and subsequent faulting began in the 
Miocene and continues at the present time. This uplift and 
horst-type faulting is associated with the Rio Grande Rift, 
and is partially responsible for the topography of the 
Front Range as seen today.

In association with many of these tectonic events to 
the west, the Denver Basin experienced local block faulting 
(Sonnenberg, 1981). Deposition of the Paleozoic and 
Mesozoic strata in the basin was influenced by recurrent 
basement faulting. The faulting affected thickness and 
facies changes of the sediments by onlap, offlap, and 
convergence. The basement block faulting occurred on 
northwest and northeast trending faults during 
Pennsylvanian, Permian, Triassic, and Cretaceous times.
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Figure 6. Block faulting and drape folding of overlying 
sedimentary strata (Sonnenberg, 1981).
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This style of faulting is typical of rigid basement rocks 
behaving in a brittle manner (Figure 6). Faulting occurred 
in three directions and resultant fault planes are steep.

Evidence for this style of faulting was found by 
Sonnenberg (1981) in numerous locations in the northern 
Denver Basin through the use of subsurface data. In this 
study, the surface of Corral Bluffs and the Paleocene rocks 
exposed there show no evidence of being faulted. The 
question of whether older, subsurface rocks exhibit such 
faulting has not yet been answered. Given the uniform 
behavior of the Denver Basin as a tectonic province, it is 
predicted that a similar pattern exists in the subsurface 
in the southern Denver Basin as well.

Stratigraphy
As explained in the previous section, large volumes of 

sediment were deposited in the Denver Basin in the 
Cretaceous and early Tertiary, during the Laramide Orogeny. 
The sediments deposited during that time dominate the 
stratigraphy of the basin in terms of relative thickness, 
but sediments from earlier orogenies are present as well. 
The southern Denver Basin also contains Mississippian and 
Ordovician sediments that are absent throughout most of the 
rest of the basin.
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Kirkham and Ladwig, (197 9) provide a good summary of 
the Paleozoic rocks that are present in the Colorado 
Springs area and the following descriptions and thicknesses 
are summarized from them. Generalized stratigraphy of the 
southern Denver Basin is at Figure 7. The Upper Cambrian 
Sawatch Sandstone lies on the Precambrian basement, 
overlying an unconformity that represents a relatively 
short hiatus compared to that of other areas in Colorado. 
The Sawatch is followed stratigraphically by the Upper 
Cambrian Peerless Dolomite, the Lower Ordovician Manitou 
Limestone, the Middle Ordovician Harding Sandstone, the 
Mississippian Williams Canyon Limestone, ■ and the 
Mississippian Leadville Limestone. This section ranges 
from 200 to 450 ft (60 to 124 m) thick. Above the 
Leadville Limestone is the Pennsylvanian Fountain 
Formation, the first Phanerozoic formation that is 
laterally continuous throughout the Denver Basin.

Throughout most of the basin, the Fountain rests 
directly on Precambrian basement rocks. This unconformity 
corresponds to the uplift and subsequent erosion of the 
Ancestral Rocky Mountains. The rocks of the Fountain 
formation are reddish brown conglomerates that were 
deposited after erosion of the rapidly rising highlands to 
the west. They are best exposed in the Red Rocks Park area
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near Golden, Colorado, and in the Garden of the Gods park 
near Colorado Springs.

It is evident from the absence of most of the 
Paleozoic section in the Central and Northern Denver Basin 
that the region has not had a uniform tectonic and 
depositional history in the Phanerozoic eon. The rocks 
were either not deposited through the entire basin, or they 
were deposited and then eroded prior to deposition of the 
Pennsylvanian Fountain Formation. According to Reed, et 
al. (1988), the Paleozoic sediments were originally 
deposited throughout all of Colorado. Sonnenberg (1981), 
attributes the absence of strata to differential erosion 
caused by uplift of the transcontinental arch, which was an 
ENE-WSW oriented tectonic feature located north of the 
Denver area. Throughout the Central and Southern Denver 
Basin, the formations deposited after the Permian are 
laterally continuous throughout the basin, and the basin 
has acted uniformly as part of a single tectonic province 
since that time.

The Permian Lyons Formation lies conformably above the 
Fountain Formation. The Lyons is a medium grained 
sandstone that is fluvial to eolian in origin. Its 
greatest thickness, 800 ft (240m), is near Colorado Springs 
(Kirkham and Ladwig, 197 9). The Lykins Formation, a marine
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shale and limestone deposit that varies in thickness 
between 180-560 ft (54 to 168m), conformably overlies the 
Lyons. The Upper Jurassic Ralston Creek Formation lies 
unconformably on the Lykins. It is also a marine 
formation, and includes sandstones, shales, and limestones.

The Upper Jurassic Morrison Formation sets atop the 
Ralston Creek. The Morrison beds are red to green marine 
shales, and their greatest combined thickness is 400 ft 
(120m). Near the study area the Morrison is approximately 
200 ft (60m) thick. The first of the Lower Cretaceous 
rocks of the Denver Basin are the formations of the Dakota 
Group. The Dakota Group consists of marginal marine 
sediments, primarily beaches and deltas, that range from 
230-450 ft (69 to 135m) thick. These rocks rest 
unconformably on the Morrison, and are separated into the 
Lytle and South Platte Formation.

The Upper Cretaceous rocks that lie above the Dakota 
Group represent the lion's share of the rocks in the Denver 
Basin. These vast thicknesses of sediment were deposited 
in the Western Interior Cretaceous Seaway (McGookey et al., 
1972). The first of these formations is the Benton Shale, 
which lies conformably above the Dakota Group. The Benton 
Shale is a dark grey marine shale which is frequently 
divided into three members. These are the Graneros Shale,
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the Greenhorn Limestone, and the Carlile Shale, and their 
combined thickness is 300-500 ft (90-150m) thick within the 
basin.

The Niobrara Formation, another marine formation, lies 
above the Benton Shale. It is usually divided into the 
Fort Hays Limestone member and the Smoky Hill Shale. Its 
overall thickness runs from 333-570 ft (100-171m) thick in 
the basin (Kirkham and Ladwig, 1979). Above the Niobrara, 
the marine Pierre shale rests conformably. The Pierre
fluctuates between 3,750 to 7,833 ft (1,125 to 2,350m)
thick within the basin. It can be subdivided locally, but 
the members do not correlate well across the entire basin.

The Fox Hills sandstone lies conformably on the Pierre 
Shale. It is from 25-400 ft (8 to 120m) in thickness. The 
Fox Hills consists of interbedded sands and shales, and is 
the youngest marine unit in Colorado. The transition from 
the marine Pierre Shale to the continental Fox Hills
sandstone is evidence of the onset of the Laramide Orogeny.

Above the Fox Hills is the Laramie Formation, which is 
between 350-900 ft (105 to 270m) thick. The contact
between these units is conformable and gradational. The 
Laramie consists of fluvial sandstones and mudstones 
interspersed with several coal beds. The Laramie is 
overlain unconformably by the Arapahoe Formation. This
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formation is a product of erosion of the mountains to the 
west, and consists of interbedded sandstones and shales, 
with a thickness from 200-1000 ft (60 to 300m).

The Denver Formation lies conformably on the Arapahoe 
Formation. It too is a product of deposition of eroded 
sediment during the uplift of the Laramide Rockies adjacent 
to the Denver Basin. It consists of conglomerates and 
sandstones, ranges from 600-1580 ft (180 to 474m) thick, 
and was deposited in a fluvial environment. The Denver 
Formation contains the Cretaceous-Tertiary boundary, but 
the boundary is not easy to identify in outcrop. The 
actual topographic bluffs and the measured section of this 
study are entirely within the Denver Formation as defined 
by Soister (1978).

Above the Denver Formation lies the Dawson Arkose. 
The contact between the two formations is an erosional 
unconformity. The relationship between these two 
formations was very difficult to establish and was the 
subject of much controversy among workers in the Denver 
Basin (Figure 8). Lateral and vertical boundaries between 
the two formations are poorly exposed and have been 
assigned differently by each worker. This has resulted in 
a great deal of confusion in the literature and when a
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Figure 8. History of the interpretation of the
relationship between the Denver Formation and the Dawson 
Arkose in the Denver Basin (Soister, 1978).
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reference is made to the Dawson formation it is not always 
clear whose interpretation of the relationships the worker 
is using. For example Soister (1978), who has studied the 
Dawson extensively, no longer subscribes to the formation 
definitions for the Dawson that he used to complete the 
USGS quadrangle map. A corrected map of the quadrangle has 
not yet been published but Tweto's (1979) geologic map of 
Colorado reflects the new definition.

Because Soister's (1978) definition has been used for 
mapping and because of its growing acceptance as shown by 
Kirkham and Ladwig (197 9), and others; it is the one used 
in this work. Soister states that the Dawson does not 
laterally intertongue with the Denver, but rather lies 
unconformably above it (Figure 9). He divided the Dawson 
into a lower and an upper member, which are sometimes 
separated by a paleosol. The lower member consists of 
andesitic and arkosic minerals that are clay to 
conglomerate-sized and ranges from 200-400 ft (60 to 120m) 
thick. The upper member is predominantly arkosic 
sandstones and conglomerates with some siltstones, and is 
800-1400 (240 to 420m) thick.

In some areas of the Denver Basin, the Dawson Arkose 
is overlain by the Oligocene Wall Mountain Tuff and the 
Castle Rock Conglomerate, but these are not present in the
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Corral Bluffs quadrangle. The Wall Mountain Tuff was 
deposited after erosion had leveled the Laramide features 
and the "late Eocene Surface", as named by Epis and Chapin 
(1975), was formed.
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Figure 9. Generalized north-south cross section through 
the Denver Basin. See Figure 1 for location of the cross 
section (Kirkham and Ladwig, 1979).
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METHODS OF INVESTIGATION 

Stratigraphy
A stratigraphie section was measured using a Jacob 

staff and metallic tape and beginning in the streambed 725 
ft (220m) east and 200 ft (60m) north of the hilltop in 
section 6, T 14 S., R 64 W., Corral Bluffs quadrangle
(Figure 10, Plate 1, Appendix A ) . This hilltop is marked on 
Soister's (1968) map as the site of Brown's (1943) fossil 
discovery. This site has some of the best exposures
available and because of its proximity to Brown's location 
can be correlated with vertebrate finds. The section was 
measured in the stream for 165 ft (50m) then up the
hillside due west of the stream, and ended at the large
sandstone outcrop on the hill, 330 ft (100m) north of where 
it began. Total thickness of the section measured is 173 
ft (52m).

Palynology
Samples of the mudstones were taken at eleven

locations within the section (Plate 1). These mudstones 
were then crushed and treated with concentrated
hydrofluoric acid for 48-72 hours to remove inorganic
crystals from the samples. The samples were then rinsed.
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Figure 10- These pictures of part of the measured section 
were taken from inside the dry creek bed 750 ft (230m) east 
and 200 ft (60m) north of the hilltop in section 6, T 14 
S ., R 64 W., Corral Bluffs quadrangle. The top photograph 
was taken looking north and the bottom one looking west. 
All beds shown are in the Tertiary Denver Formation.
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and separation of the coarsest and finest particles was 
accomplished by treatment with a detergent solution and 
décantation. Selected samples were also treated with HCL 
and clorox to further remove crystals and excess organic 
debris as necessary.

Organic residue mounts were then prepared with the 
remaining particles. This was done by attaching the 
residue to a cover glass using Cleared, a commercially 
available mounting medium. After drying, the cover glass 
was then attached to a microscope slide using Permount, 
another mounting medium. The slides were then examined for 
the presence of pollen, using a biologic microscope.
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STRATIGRAPHY

Description
A small-scale diagram of the section that was measured 

at Corral Bluffs is shown in Figure 11. The rocks that 
were studied there can be divided into three categories, 
the first of which are channel sandstones. The basal 
contact of these sandstones is almost always an irregular, 
U-shaped scour. They are medium to coarse-grained, white 
to light brown in color, and weather a medium brown. 
Bedding thickness varies from 2-22 ft (.6 to 7m). The upper 
contact between these sandstones and other beds is 
conformable and horizontal. Structures present include 
trough cross bedding with bedsets from six to eighteen 
inches (15-45cm) thick and one to three feet (.3 to 1m) in 
length. Ripple marks are visible on the weathered surfaces 
of some beds. Grain size ranges from fine to coarse
grained sand with some pebble sized particles. Sorting is 
moderate and individual bedsets exhibit normal grading. 
Overall bedding is not graded. Particles are angular to 
sub-angular and very loosely cemented with quartz. 
Mineralogy is approximately 65% quartz, 20-25% feldspar, 
4-5% micaceous minerals, and 3-4% magnetite. Overall 
lithologie classification is an arkosic arenite. Other
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Figure 11 - Generalized lithology of section in Denver
Formation at Corral Bluffs, El Paso County, Colorado. See 
text for location and Plate 1 for detailed measured 
section.
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features visible include secondary ironstone concretions, 
particularly in coarser grained sediments, and wood 
fragments that are frequently silicified.

The second category of rocks that were examined is 
called a sheet sandstone by Morse (197 9). These rocks are 
thin sandstone beds that are interbedded with thick 
mudstone units. They are light brown in color and weather 
white to gray. Bed thickness is from three to thirteen 
inches (8-33cm). Bedding surfaces are conformable both 
above and below. Some beds are massive, others are 
laminated or have small scale trough cross bedding. Grain 
size varies from silt to fine-grained sand. Sorting is 
good and grading is not visible. Grains are angular and 
loosely quartz-cemented. Mineralogy is approximately 
70-75% quartz, 20-25% feldspar, and 2-3% mafic and 
micaceous minerals. Lithologie classification is an 
arkosic arenite. Some organic fragments and thin dark 
organic laminations are also present.

The third category of rocks are the fine-grained 
mudstones. These mudstones are dark brown to yellowish 
brown, and weather light brown to yellow. The beds range 
from five to thirty feet (1.5 to 9m) in thickness and 
contacts are conformable at the base and unconformable at 
the top. Occasionally, the beds are thinly laminated.
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Rocks from these beds display almost no fissility, and 
break easily into pebble sized fragments. Grain size varies 
from clay to silt and 5-10% sand-sized particles. Some 
muscovite and mafic crystals are visible to the unaided 
eye. Dark, fine-grained organic material is present on 
some layers, as well as roots, wood fragments, and leaf 
imprints. Overall classifications are arenaceous
siltstones and claystones.

These three rock types and their surface contacts are 
combined in a distinct pattern in the Corral Bluffs 
outcrop. The stratigraphie pattern in the measured section 
is a repeating sequence of beds that are bounded above and 
below by irregular contacts. Internally, these sequences 
fine upward. The channel sandstones are at the base of a 
unit, and are often laterally adjacent to a mudstone. 
Further explanation of these fining upward sequences is 
given in the next section.

Interpretation
The key to determining the depositional environment of 

the Denver Formation at the Corral Bluffs is in recognizing 
and identifying the fining upward sequences which are 
repeated throughout the section. Given what is known about 
the geologic history of the region, this is a fairly
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straight forward exercise, as only a few interpretations 
are plausible. Several features stand out through 
examination of the repeating unit. First, each sequence 
begins with a "U" shaped diastem. The "U" shape in 
combination with the erosion surface suggests the base of a 
stream channel. Next, the sequence fines upward, with a 
coarse or medium-grained sandstone at its base, and a
mudstone at the top. Also, the channel-shaped sandstones 
are laterally adjacent to mudstone units. This suggests a 
stream bed which is adjacent to its own overbank deposits. 
Additionally, the channel sands have medium to large scale 
trough cross bedding throughout, and when viewed throughout 
the section, the channel sands appear to wander in and out 
of the vertical section. Also, above the channel sands are 
thinly bedded sandstones interbedded with mudstones, which 
suggest small tributaries to a main trunk stream. Lastly, 
there are numerous leaves, roots, and other bits of organic 
material throughout the section, especially in the mudstone 
beds.

When studied together, these characteristics are 
comparable to the basic fining upward units of a meandering 
stream system as described by other workers (Figure 12). In 
addition to the similarities found in the basic fining 
upward unit. Corral Bluffs has much in common with complete
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Figure 12. Fining upward sequences of a typical meandering 
stream system. A. Extract from Corral Bluffs section 
(this study). B. From Matthews (1974).
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meandering stream systems. Matthews (1974) diagrammed and 
explained a typical modern analog, which is similar to the 
features described in the Corral Bluffs section. Matthews' 
description matches closely the key elements of the Corral 
Bluffs sequences. He states that a fining upward sequence 
is expected in a meandering stream deposit. Also, the
deeper portion of the channel will produce scouring and a 
resulting erosional contact. This contact is overlain by 
the coarsest material present, a channel lag. This lag is 
one feature that is lacking in the study section, but it
may be present in other parts of the outcrop. The primary 
structure that is expected in the channel of a meandering 
stream is medium-scale, high angle, cross stratification, 
transitioning upward to low angle or trough cross bedding. 
This trough cross bedding is certainly present in the
sequences measured in the Denver Formation. Finally, 
the upper portion of a meandering stream system should 
consist of fine-grained, overbank deposits, frequently with 
organic material and root traces. Again, this is exactly 
what occurs in the section at Corral Bluffs. Figures 13
and 14 provide a three dimensional diagram of a point bar 
and a meandering stream system, and it is apparent the 
diagrams have much in common with the section measured at 
the bluffs.
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Figure 13. Point bar model for a modern meandering stream 
(Reading, 1987).
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Thus, the measured section correlates fairly well with 
a typical meandering stream system. To complete the 
analysis; however, other possible interpretations should be 
definitively ruled out. A marine environment can be 
readily eliminated, because of the extensive studies in 
similar aged rocks throughout the Denver Basin and the 
complete lack of marine fossils. With a closer 
examination, a braided stream system can also be ruled out. 
Matthews (1974) explained the differences between the two 
systems. A braided stream leaves virtually no mud sized 
particles, and there is a great deal of variance between 
grain sizes and sorting in the depositional area. Also, a 
braided stream deposit does not systematically repeat 
itself the way a meandering stream does. These factors 
discount the possibility that the Denver Formation at 
Corral Bluffs was deposited in a braided stream 
environment.

The interpretation of the Corral Bluffs as a 
meandering stream system deposit is in agreement with the 
conclusion of Morse (1979). However, the Corral Bluffs 
were only a portion of Morse's study area and he did not 
produce a detailed section of the outcrop there. The 
section shown here (Plate 1) should provide a better 
starting point for further studies.
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PALYNOMORPHS

Samples of the mudstones were taken at eleven 
locations within the measured section. These samples were 
dispersed throughout the section, but no samples were taken 
from the sandstones because pollen and spores are rarely 
present in significant quantities in the coarser grained 
rocks. The sample interval varied from five to ten feet
(1.5 to 3m) (Plate 1).

Of the eleven samples examined, two contained 
virtually no microfossils, seven contained only sparse 
amounts, and two contained significant quantities of the
same. According to Newman (1990, personal communication), 
the percentage of samples yielding sufficient quantities of 
palynomorphs for study is consistent with similar 
outcrop studies in the region.

The first sample which produced a significant number 
of palynomorphs was CB15, which was taken from near the 
middle of the section. The pollen identified from the 
sample included Triporopollenites ruaatus. and
Aauilipollenites tripodiformis. Members of the genera 
Taxodiaceaepollenites, Proteacidites, Trudopollis, and 
Plicapollis. all with species indeterminate, were also 
found. Spores discovered included the genera Lvcospora.
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Cicatricosisporites. and Lycopodiumsporites. Two specimens 
of dinoflagellates, type unknown, were also identified. 
Additionally, numerous trilete and monolete spores of 
indeterminate genera were noted.

Of the pollen discovered in this sample, Triporo
pollenites ruaatus is the only one that is unique to the 
Paleocene. The remaining pollen all date from the 
Cretaceous Period (Tschudy and Scott, 1969). Of the 
spores, the range of Lycopodiumsporites is from Jurassic to 
recent, the range of Lycospora is from the Pennsylvanian to 
the Permian, and that of Cicatricosisporites is Cretaceous. 
The age of the dinoflagellates is undetermined, but they 
originally must have had a marine source and must have been 
Cretaceous or earlier in age.

The age of the pollen and spores, combined with what 
is already known about the age of the Denver Formation at 
Corral Bluffs, indicate that the sediments and most fossils 
of sample CB15 must have been recycled. The 
dinoflagellates are almost certainly recycled from the 
marine Pierre shale. The large number of Cretaceous 
palynomorphs also suggest that the sediments were recycled 
from the Cretaceous. The recycled sediments virtually



T-3940 46

dominated the Paleocene-aged ones in this sample, both in 
variety and quantity. The only Paleocene specimen found 
was a single Triporopollenites ruaatus specimen.

Fortunately, this was not the case with the other
sample which produced pollen, sample 9M4. In this sample, 
which was collected approximately sixty feet above the base 
of the section, Paleocene aged pollen are dominant,
although recycled material is also present. Spores found 
include those of the genera Cicatricosisporites. 
Stereisporites. and unidentified trilete and monolete 
spores. Pollen included indeterminate species from the 
Taxodiaceaepollenites and Classopollis genera, Triporo
pollenites ruaatus, and several specimens from the genus 
Momipites. The last two pollen genera are uniquely 
Paleocene, and because of the abundance of specimens found, 
the Momipites pollen were examined and used for correlation 
with the mammals of Corral Bluffs.

More than 30 separate specimens are from the genus
Momipites. The morphological differences of the specimens 
warrant categorization into four different form-species. 
Three of these species appear to be identical to previously 
named taxa. If the morphological characteristics used in
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distinguishing the fourth group remain consistent during 
future investigations, it could be classified as a new 
species.

The first species identified was easily classified by 
its unique shape. The typical specimen is a triporate 
pollen with a triangular outline and straight to slightly 
convex sides. An atrium 2-3um deep is present at each 
pore, and the exine is smooth in polar view. The most
distinguishing characteristic of this species is that one 
side is slightly shorter than the other two sides, which 
are of equal length. This species is identical to a 
photograph from Anderson (1960) which he classified as 
Momipites inaequalis and is accordingly classified as such.

The second species of Momipites examined in sample 
9M4 is not so easily distinguished by its shape. It is 
also triporate and triangular in shape; however, its sides 
are all of equal length, and are consistently more convex 
than those of Momipites inaequalis. It is paler in color 
than those specimens but also has a smooth exine with no 
polar structures. After comparison with Wodehouse's (1933) 
description and sketches, this is classified as Momipites 
coryloides.

The third species is almost identical to Momipites 
coryloides. except that although the exine is also smooth.
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it contains a faint, irregular ring of thin exine in the 
center of the pollen grain, similar to a "bull's eye"
pattern. All indications are that it is identical to
Momipites tenuipolus. Anderson attributes the circular 
pattern to thinning of the exine and that is consistent
with the findings of this author.

The fourth species is similar to Momipites tenuipolus 
with one notable exception. A triangular thinning of the 
exine is visible in the center of the grain in polar view. 
Sometimes the circular thinning is visible beyond the edges 
of the triangle and other times is not. This interior 
triangle was paler in color and presumably thickness than 
the surrounding exine. See Figure 15 for sketches of all 
four specimens. Anderson, (1960) contains a photograph of a 
specimen that is apparently identical to specimens examined 
by this author (Figure 16); however, he classified it as 
Momipites tenuipolus, and not as a separate species. From 
the specimens examined in this study, the differences in 
shape of the thinned exine appear to be consistent and may 
warrant classification as a separate species. The informal 
name Momipites deltatus is proposed for this species if 
these differences are verified in further studies. In any 
case, because Momipites is uniquely Paleocene and 
significant members of this species were present, the genus
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is useful for correlation with the vertebrate fossils found 
at Corral Bluffs by Middleton (197 9) and others.
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Figure 15 - Four forms of Momipites.



Figure 16 - Both of these specimens are classified by
Anderson (1960) as Momipites tenuipolus. The one on the 
right is identical to specimens of Momipites deltatus of 
this study.
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CORRELATION OF POLLEN WITH LMA ZONES

Before attempting to correlate the palynomorphs with 
land mammal age zones, a review of what is known about the 
mammals of the Corral Bluffs is necessary. Richardson
(1912) discovered dermal plates from a crocodile and part 
of the tibia of a creodont. The creodont was said to
"...not be older than Wasatch". Richardson's
interpretation of the top of Dawson as the Eocene/Oligocene 
boundary meant that the creodont had to be Eocene in age. 
Since the Paleocene was not yet defined as an epoch at that 
time, this could have correlated with either period in 
terms of the modern time scale. The creodont bone was 
found approximately 100 ft (30m) above the dry creek bed 
that runs through the Bluffs, and about 600 ft (180m) above 
the base of the formation. The base of the formation was 
described by Richardson as the top of the Laramie.
Richardson's find was not in place, but he believed its
original location was very close to the site of its
discovery.

Lee (1913) found dinosaur and turtle remains
reportedly 500 feet above the base of the Dawson at Corral 
Bluffs. If this stratigraphie location were correct, it 
would place it directly in the Paleocene aged section as
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measured by later workers such as Morse (1979) and Soister 
(1978). It is more likely that Lee's interpretation of the 
Dawson/Laramie boundary location is different than the 
current interpretation, or his distance was only a gross 
estimate.

The dinosaur fossils Lee described were from the order 
Ceratops, which had been found in abundance in the Denver 
Formation in the northern part of the basin. One bone was 
believed to be from the dinosaur Trachodon. Lee was 
convinced from these fossils that the dinosaurs had lived 
on into the Tertiary. Not surprisingly, most of these 
early workers expected a noticeable unconformity at the 
Cretaceous-Tertiary boundary as found in Europe. Because 
this feature is often lacking in the Denver Basin and a 
sufficient number of fossils for locating the boundary
precisely have still not been found, its exact location is 
still not known in many areas. Lee and Richardson's actual 
fossils were later lost, further complicating the issue of 
the boundary location at Corral Bluffs.

In the 1930's and 1940's. Brown and Gazin examined the
Corral Bluffs area in search of fossils. By then it was
understood that the Cretaceous-Tertiary boundary lies
within the Dawson (now Denver) Formation at the bluffs. 
Gazin (1941) published the results of those studies. The
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two had located the jaw of a Puercan-aged Conacodon 
entoconus. The location of the find is shown on Soister's
(1968) geologic map of the quadrangle. Gazin concluded
that this jaw, as well as the Creodont tibia found by
Richardson (1912), were found at a level 100 feet above
Lee's (1913) dinosaur find, and the same height above 
dinosaur-bearing beds to the west near Jimmy Camp Creek. 
This interpretation cannot be determined without more 
detailed knowledge of the location of these two finds.

The Conacodon entoconus found by Gazin is a member of 
a primitive ungulate order, Condylarthra, which is now 
extinct. Gazin also found remains that he believed to be 
from the genus Carsioptychus. Additionally, he found 
remains that he classified as belonging to the reptile 
Champsosaurus, as well as two indeterminate creodonts. He 
was certain that one of the latter was Paleocene in age.

Brown (1943) further expounded on the findings from 
Corral Bluffs. His goal was to use the mammalian fossils 
in conjunction with earlier dinosaur finds to pinpoint the 
Cretaceous-Tertiary boundary in the Denver Basin. Corral 
Bluffs was studied in conjunction with South Table Mountain 
near Golden, Colorado. This approach was reasonable and 
has been repeated by several workers due to the two 
formations' proximity in age and lithology, and because
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both outcrops contain the Cretaceous-Tertiary boundary. 
Although Brown's technique for locating the boundary was 
accurate given the information available, it was still not 
precise. He did however, include a photograph of the 
location of the Conacodon entoconus find which is an aid to 
stratigraphie correlation of this study.

Brown examined the sites of Richardson and Lee's 
discoveries and determined that Lee's dinosaur remains were 
from strata 100 feet lower in the section than Richardson's 
mammals. Thus there was no longer a reason to believe the 
two had been contemporaneous in the Tertiary at the bluffs. 
Brown also made an ambitious attempt at regional 
correlation of the Denver Basin formations using the 
mammalian faunal zones, much like Sloan (1987) has 
attempted to do recently. Brown proposed correlations for 
the Laramie, Lance, and Hell Creek formations as well as 
the Dawson.

Middleton (1983) did an exhaustive study of the 
mammals of Corral Bluffs using techniques that were unknown 
at the time of previous studies. As a result, he identified 
several new genera and species and dated the fauna more 
accurately than had ever been done before. Unfortunately, 
Middleton did not correlate his section with the Conacodon 
entoconus find of Gazin (1941).
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Middleton's Corral Bluffs finds fall into two 
different orders: the Condylarthra and the Multi-
tuberculata. He found two specimens from the 
Multituberculata subclass, one of which belonged to the 
family Neoplagiaulacidae, and whose species and genus were 
indeterminate. The multituberculates were a specialized 
group of mammals that were very long-lived (Romer, 1966). 
They are believed to have been the first herbivorous 
mammals; were about the size of a woodchuck, and existed 
from the late Jurassic until the Eocene. The 
multituberculates were similar to the woodchucks in not 
only size, but appearance as well, and preferred an 
arboreal environment.

With the exception of the multituberculates, the order 
Condylarthra dominates the Paleocene fossils found at 
Corral Bluffs by Middleton. He found a total of 10 
different specimens of this class, belonging to three
different families and eight separate species (Table 1). 
The condylarths were another early class of ungulates. 
Romer (1966) states that they were transitional between the 
insectivores and the true ungulates. As an early class, 
they included forms that were similar to insectivores.
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Table 1. Vertebrate species found at Corral Bluffs 
(Middleton, 1983).

FOSSIL SPECIES MIDDLETON SITE
SLOAN
LMA
ZONE

Desmatoclaenus cf 
D. protogonioides

Oxyclaenus cf.
0. cuspidatus

77275

77281

Loxolophus hyattianus 77281
Loxolophus aff hyattianus 77274

Gazin-unknownLoxolophus? cf 
L. kimbetovius

Ectoconus ditrigonus

Periptychus coarctatus

Conacodon entoconus

Conacodon delphae

Mioclaenidae indet
Neoplagiaulacidae indet

77287, 83098
throughout section
Gaz in-unknown
77275
77275
77275

PI

P1-P2

P1-P2
P1-P2
PI

P1-P2
PI
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carnivores, and primates. Thenius (1975) stated that the 
condylarths are believed to be the ancestors of the modern 
day even toed ungulates, the tillodonts, and possibly the 
whales.

Three families of condylarths were identified at 
Corral Bluffs by Middleton: Arctocyonoidae, Phena-
codontidae, and Periptychidae. The Arctocyonoids resembled 
modern day bears, but their teeth were similar to the 
creodonts, and they were frequently classified as such by 
early workers. This may have been the case with 
Richardson's (1912) and Brown's (1943) finds at the bluffs. 
Middleton discovered two different genera and three 
different species of this family at the study area.

The Phenacodontids are the type genus of the class 
Condylarthra. They were large animals, some the size of a 
tapir (Romer, 1966). They had five toes and resembled the 
carnivores, but distinct hooves were present at the end of 
the phalanges. One genus of Phenacodontidae was discovered 
at Corral Bluffs by Middleton.

The last family of condylarths represented in the 
study area were the Periptychidae. The periptychids 
differed from other ungulates in brain and limb structure 
(Thenius, 1975). They resembled aardvarks, but were 
herbivores and consequently their tooth structure was



T-3940 59

different from that animal's. Three different genera from 
this family were discovered by Middleton in the quadrangle.

The type of mammals found there, coupled with the 
large number of plant fossils, particularly leaves, suggest 
a forested area and a moderate to temperate climate during 
the deposition of the Paleocene sediments. Nonetheless, it 
is unusual that one order is so dominant among the fossil 
remains. A greater diversity of fauna would be expected in 
such a climate.

The geologic age of the mammals at Corral Bluffs 
is better known than the climate they lived in. Sloan 
(1987) and Archibald et al. (1987) have both proposed
detailed land mammal age zones for the Rocky Mountain 
region that further subdivide previous zones (Figure 17). 
All of Middleton's fossils correspond to only two different 
range zones within Sloan's age zones, which will be used 
for this study. Three of these fossil species have a range 
zone within Sloan's PI & P2 zones, early and late Puercan. 
The remaining three for which ages can be determined are 
all uniquely PI in age. Given the location of these fossils 
as found in the vertical section of this study (Figure 18) 
and the information about the range zones, the section is 
clearly PI in age. Desmatoclaenus protogonioides, which is 
PI in age, was found at the top of the section, near the
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top of the bluffs. Thus the entire section must fall in 
Sloan's PI land mammal age zone. None of the fossils found 
within the studied section at Corral Bluffs conflict with 
this interpretation.



T-3940 61

Standard Sloan Archibald
Period/Epoch LMA Zones LMA Zones LMA Zones

Eocene
Phenacodus
ectocion

Cf3

Clarkforkian Plesiadapis
cookei

Cf2 Plesiadapis
cookei

Cf2

Plesiadapis
gingerichi

Cfl Rodentia Cfl

Plesiadapis Ti5 P. gingerichi Ti6
simonsi f. simonsi lib

Tiffanian

Plesiadapis
churchilli

Ti4 Plesiadapis
churchilli

Ti4

Plesiadapis
rex

Ti3 Plesiadapis
rex

Ti3

P. anceps 
Caenolambda

Ti2 Plesiadapis
anceps

Ti2

T
e

Paleocene

Plesiadapis
praecursor

Til Plesiadapis
praecursor

Til

r
t
i

Pantolambda To3 Pantolambda To3

a
r

Torrejonian Deltatherium To2 
Deuterogonodon

Tetraclaenodon To2

y Anisonchus
dracus

Toi Periptychus Toi

Puercan

Taeniolabis P2 Taeniolabis
taoensis

Pu3

Hemithlaeus PI Ectoconus Pu2

Mantuan Catopsalis M Peradectes Pul
alexanderi

Cretaceous Bugcreekian Protungidatum BC

Lancian

Figure 17- Land Mammal Age Zones. After Sloan (1987), 
Archibald et al. (1987) and Newman (1989b).
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77275

0810 ,77277

0812

77274,77278,77281  

77279, 83095

CB15

CB9M4
77276, 83098

YELLOW SHALE 
MARKERBED -

20 ft5m

77287?
77280

THIS STUDY
MIDDLETON

Figure 18 - Approximate correlation of Middleton (1983)
section and vertebrate localities with palynomorph 
locations and measured section of this study.
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CORRELATION OF MAMMALS AND PALYNOMORPHS.

Given this information on the relative age of the 
vertebrate fossils, correlation with the palynomorphs is 
now possible. Newman's current version of Rocky Mountain 
palynomorph zones is shown in Figure 19, and Table 2 shows 
the type assemblages associated with each zone. The age of 
the rocks the Momipites were collected from is known to be 
early Puercan, Sloan's PI land mammal zone. Thus the four 
Momipites ranges all include at least that portion of the
Puercan. Although the entire range zones of these species 
cannot be determined with this study alone, it is believed 
that the assemblage will be useful for correlation. 
Lewis (1978) established the first appearance of
Momipites coryloides at South Table Mountain to be just 
above the Cretaceous-Tertiary boundary. The beginning of 
the range zone for that particular species is already well 
established. It is unlikely that the range zones of all
four species will overlap throughout their entire range. 
Thus if an assemblage of the four species, Momipites 
tenuipolus, Momipites coryloides, Momipites inaequalis, and 
Momipites deltatus is found, the age of the sediments is
most likely early Puercan.
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Newman
Palynomorph

Period/Epoch__________ Standard LMA Zones Zones

Eocene El
Clarkforkian

PIV

T Tiffanian
—  ----- —

erti Paleocene pmar
y Torrejonian

Puercan pn

Mantuan —  —  —

piBugcreekian
Cretaceous Lancian KL

Figure 19. Tentative correlation of Rocky Mountain 
palynomorph zones with Land Mammal Age Zones. After Newman 
(1980, 1988, 1989a, 1989b).
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Table 2. Palynomorph assemblages associated with Rocky 
Mountain palynomorph zones. After Newman (1980, 1988,
1989a, 1989b).

NEWMAN POLLEN ASSEMBLAGES
PALYNOMORPH
ZONE_____________________________________________________
PIV Caryapollenites, Pistillipollenites

P H I  Maceopolipollenites amplus,
Tiliaepollenites sp.

P H  Momipites tenuipolus, Insulapollenites,
Pterocaryapollenites, Momipites dilatus, 
Maceopolipollenites, Aquilapollenites 
spinulosus

PI Triporopollenites rugatus, Syncolporites,
ArecipiteSf Inaperturopollenites, 
Polyporopollenites, Aquilapollenitesl

KL Proteacidites, Aquilapollenites, 
Cranwellia, Gunnera, Polycolpites, 
Liliacidites
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CONCLUSIONS

This study has reviewed existing research of the 
Denver Formation at Corral Bluffs, Colorado. The major 
previous sedimentary work was by Morse (197 9). His 
dissertation described the stratigraphy and depositional 
environment of the Denver Basin, and concluded that the 
Dawson (Denver) Formation was deposited by a meandering 
stream system. Middleton (1983) conducted an exhaustive 
study of the vertebrate fossils at Corral Bluffs, and 
concluded that they were Puercan in age. Newman (197 9) 
conducted studies of the palynomorphs in the Denver 
Formation at South Table Mountain, strata which contain 
vertebrate fossils that are slightly older than the section 
measured at Corral Bluffs.

The primary goal of this work was to study palynomorph 
samples from a section of Paleocene sediments at Corral 
Bluffs in order to correlate the microfossils with land 
mammal age zones of Sloan (1987). Additionally, the 
depositional environment was examined to confirm or deny 
Morse's (1979) hypothesis that the depositional environment 
was a meandering stream system. The measured section was 
compared to Middleton's for stratigraphie correlation. 
Middleton's vertebrate fossils were then correlated with
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the palynomorphs found there to establish range zones for 
Paleocene pollen.

The one pollen genus found in quantities suitable for 
correlation with vertebrate fossils was Momipites. Sample 
9M4 in the section produced some 30 specimens of the pollen 
which were grouped into four form-species. The first 
species is classified as Momipites inaequalis (Anderson). 
Its most distinguishing characteristic is its shape, which 
has two sides of equal lengths, and a third, shorter side. 
The second species identified is Momipites corvloides 
(Wodehouse), which has three oblate sides of equal length 
and a smooth exine.

The third species of Momipites used in correlation is 
Momipites tenuipolus. Specimens of this species are
similar to those of Momipites corvloides. but have a 
distinct, noticeable thinning of the exine in a circular 
pattern at the poles. The fourth group identified is 
informally proposed as a new species, Momipites deltatus. 
These specimens are similar to Momipites tenuipolus. but 
contain a triangular thinning of the exine instead of the 
circular pattern observed in that species. If this
distinction is consistent with later studies, it may merit 
classification as a new species.
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After comparing Middleton's (1983) vertebrate fossils 
with the land mammal age zones of Sloan (1987) and 
Archibald et al. (1987), the fossils found at Corral Bluffs 
were determined to be early Puercan in age. The range zone 
for the species of Momipites found must thereby include the 
early Puercan land mammal age. Determination of the first 
and last appearance of these species will require further 
study.
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A P P E N D IX  A 

Corral Bluffs Measured Section

Section begins at a bend in a dry creek bed, 100 ft 
(30m) south of a point 1/2 mile (800m) north of the SW 1/4 
Section 5, T. 14 S. and R. 64 W, lying directly on the
section line. The section continues in the creek bed in a
northerly direction for 100 ft (30m) and then follows the 
hillside to the west and up the slope to the north, ending 
at a large sandstone body forming a small cliff.

Denver Formation ft.

1. Interbedded sandstone and siltstones. 23
Sandstones are light brown, medium-grained, 
with fair to good sorting and angular to
sub-angular shaped grains. Mineralogy is
approximately 70% quartz, 25% feldspar, and 
5% mafic minerals. Trough cross bedding, 
dewatering structures, organic fragments, 
and some ironstone concretions are present. 
Siltstone layers are orange and brown, but 
weather light brown. They are weakly



Denver Formation

fissile and some sand-sized muscovite 
crystals are visible.

2. Covered interval of unknown thickness. It 
is probably siltstone, 4-5' thick.

3. Siltstone, light to dark brown in color, 
weather light brown. Up to 10% sand-sized 
particles. Weakly fissile, sometimes 
finely laminated. Recrystallized calcite 
on some fissile planes. Sandstones are 
also present, always in a "U" shaped scour 
at the base. Sands are grey to light brown 
and weather light brown. Fine to coarse
grained, with medium grains dominant. 
Trough cross bedding and organic debris 
present.

4. Sandstone, yellowish brown, weathers light 
brown. Fine to coarse-grained. May be
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massive, trough cross bedded, or laminated. 
Two thinly bedded yellow siltstone marker 
beds are present.

Denver Formation

5. Siltstone, dark brown to yellowish 
brown, 32 weathers light brown. Weakly 
fissile. Some thin organic layers present. 
Also, some thinly bedded, massive 
sandstones are interbedded. They are fine 
to mediumgrained, with fair sorting and 
angular to sub-angular grains.

6. Sandstone, dark brown, weathers light
brown. Fine to very coarse-grained, poorly 
sorted, angular to sub-angular. Large 
scale trough cross bedding with individual 
bedsets normally graded. Organic
fragments, leaves, and roots present as 
well as ironstone concretions.

41

TOTAL MEASURED 173




