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ABSTRACT 

Emry, Robert J. Stratigraphy and Preliminary Biostratigraphy of the Flagstaff 
Rim Area, Natrona County, Wyoming. Smithsonian Contributions to Paleo- 
biology, number 18, 43 pages, 19 figures + frontispiece, 1973.•About 750 feet of 
sediments of the early Oligocène (Chadronian) White River Formation are 
exposed along Flagstaff Rim in south-central Natrona County, Wyoming. About 
4,000 specimens of fossil vertebrates have been collected from these outcrops. 
The White River Formation unconformably overlies rocks ranging in age from 
Precambrian to medial or late Eocene. The lithology of the White River For- 
mation is predominantly claystone and conglomerate in the lower part of the 
section, changing to predominantly tuffaceous siltstone and conglomeratic chan- 
nel sandstones in the upper part. Four stratigraphie sections are described. A geo- 
logic map of about 40 square miles illustrates the areal limits of the White 
River Formation and its relationships to underlying and overlying formations. 
Several distinct and easily recognizable volcanic ash beds occur at intervals within 
the White River sequence. These serve as convenient markers for precise strati- 
graphic zonation of fossils and have also provided minerals for potassium-argon 
dating. Dates obtained range from 35.7 to 31.6 million years. 

A boulder conglomerate unit, previously considered to be the basal unit of 
the White River Formation and/or part of the Wind River Formation is shown 
to be a distinct, and probably unnamed, unit, and should not be assigned to 
either of these formations. It unconformably overlies the Wind River Formation 
and is separated from the White River Formation by an erosional disconformity 
with several hundred feet of relief. This information allows new interpretations 
of the structure of the area and adds a previously unrecognized episode of depo- 
sition and erosion to the history of the area. 

The most common fossil in the White River sequence is the artiodactyl genus 
Leptomeryx, which is represented by two morphologically distinct lineages. One 
lineage is provisionally divided into two and the other into three size groups 
that are believed to represent different species. The local stratigraphie ranges of 
the different groups do not overlap. In each lineage, the size increases higher in 
the section. None of the groups are definitely assigned to named species, pending 
studies to determine the validity and limits of the named species. 

Preliminary analysis of other elements of the fauna shows that there is recog- 
nizable change through time within individual lineages and that the faunal 
composition as a whole changes through time, within the local sequence. When 
the entire fauna is analyzed in detail, it should be possible to establish local 
range zones of the fossil species and, by their use, to gain greater temporal 
resolution within Chadronian time than has previously been possible. 
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Doctors W. D. Matthew and R. S. Lull on an American Museum of Natural History expedition 
in 1899, at the head of Bates Hole, Wyoming, near the present study area. (By permission of 
the Department of Vertebrate Paleontology, American Museum of Natural History.) 



Stratigraphy and 
Preliminary Biostratigraphy of the 

Flagstaff Rim Area, 
Natrona County, Wyoming 

Robert J. Emry 

Introduction 

In south-central Natrona County, Wyoming, 
about 750 feet of strata of the early Oligocène 
(Chadronian) White River Formation are exposed 
along a prominent erosion scarp known locally as 
Flagstaff Rim. In the Frick Collection, American 
Museum of Natural History, are nearly 3000 speci- 
mens of fossil vertebrates collected from these out- 
crops. In addition, at least 1000 specimens were 
collected from the area for the National Museum 
of Natural History during the summer of 1971. 
Nearly all of the specimens were carefully related 
stratigraphically to a number of distinct volcanic 
ash beds that occur at intervals within the rock 
sequence. These volcanic ash beds serve not only as 
convenient markers for precise stratigraphie docu- 
mentation of fossils, but have also yielded minerals 
for absolute age determinations, in terms of years 
before present, based on potassium-argon ratios. 

The Flagstaff Rim area is of great potential 
importance to our understanding of the early 
Oligocène (Chadronian) of the entire Rocky Moun- 
tains area. The section here is thicker, and prob- 
ably more nearly represents all of Chadronian time, 
than any other known single section. Much of the 

Robert J. Emry, Department of Paleobiology, National 
Museum of Natural History, Smithsonian Institution, Wash- 
ington, D.C. 20560 

section is richly fossiliferous and all of the speci- 
mens from the area can easily be tied to a single 
reference section. The fauna is more diverse than 
any other known early Oligocène fauna in North 
America. 

Chadronian vertebrates are quite widespread 
throughout the Western United States, but many 
of the sites from which they are derived are quite 
localized. In Canada, the Cypress Hills area of 
Saskatchewan is the most important locality. Mon- 
tana has Pipestone Springs, McCartys Mountain, 
Canyon Ferry Reservoir area, and Sage Creek 
among its more important localities, but also has 
many smaller or less well-known localities. Wyo- 
ming has many isolated localities in addition to 
the larger areas of outcrop of Chadronian sediments 
in the eastern part of the state and along Beaver 
Rim in the central part of the state. In the northern 
end of the Bighorn Range, western part of the 
Black Hills, eastern side of the Medicine Bow 
Range, southeast end of the Wind River Range, 
and immediately south of Yellowstone Park are 
isolated localities that, because of their relatively 
high altitudes, have important structural connota- 
tions. Chadronian mammals have been found in 
Jackson Hole. The Pumpkin Buttes in the Powder 
River Basin are capped by Oligocène sediments of 
yet uncertain age. Farther south, there are isolated 
localities  in the parks  of central  Colorado,  and 
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much farther south, the Vieja Group of the Basin 
and Range Province along the Rio Grande River 
in Texas contains important Chadronian faunas. 
But most of these localities have been difficult to 
place temporally, any closer than Chadronian, for 
several reasons, among these being scarcity of speci- 
mens at many localities, local occurrences of species 
unknown elsewhere, and the difficulty of establish- 
ing local stratigraphie sequences. 

The Flagstaff Rim area of central Wyoming then 
becomes important in relating all of these localities. 
It has many assets that are lacking in other areas: 
relatively thick sequence, most of which is fossilif- 
erous; extremely varied fauna; easily established 
local stratigraphie sequence with good marker 
beds for precise stratigraphie documentation of 
specimens; and, a central geographic location rel- 
ative to most of the other localities. A study of the 
distribution of all the fossils within the Flagstaff 
Rim sequence should provide a section that could 
be subdivided on the basis of the fauna and which 
would allow more resolution in correlation of many 
of the other isolated localities. 

The primary purpose of the present report is 
to make available the stratigraphie framework 
necessary for the faunal studies. This will not only 
facilitate the publication of my own work on 
various taxonomic groups but should also aid other 
workers who are studying other taxa from the area. 
The geologic map that was made during the course 
of my field work (Figure 19) covers about 40 square 
miles. This map illustrates the areal limits of the 
White River Formation and its relationships to 
both younger and older rock units, as well as a great 
deal of other information that would otherwise 
have required many pages of text. 

My dissertation also included the results of stud- 
ies of several mammalian taxa from the Flagstaff 
Rim area. These are briefly discussed in a follow- 
ing section of this report but publication of the 
details of these studies is deferred for reasons also 
outlined in the same following section. Detailed 
studies of the artiodactyl genus Leptomeryx and the 
rodent genus Cylindrodon, and preliminary studies 
of other genera, are sufficiently advanced to demon- 
strate that in members of these taxa, as well as in 
the fauna as a whole, there is recognizable change 
through time within this single stratigraphie se- 
quence. When the stratigraphie ranges of all the 

species in the fauna are determined, it should be 
possible to recognize temporal units of much less 
magnitude within Chadronian time than has previ- 
ously been possible. 
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other facilities, including a place to work. This 
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Museum of Natural History, is gratefully acknowl- 
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Part of the research for this report was carried 
out during my tenure as a Fellow of the Faculty of 
Pure Science of Columbia University, partially sup- 
ported by a National Science Foundation Graduate 
Fellowship. 

Location and Extent of Area 

The Flagstaff Rim area of this report includes 
about 40 square miles near the geographic center 
of Wyoming in south-central Natrona County 
(Figure 1). It is near the southeast end of the Wind 
River structural basin on the southwest flank of the 
basin and at the extreme southeast end of the Rat- 
tlesnake Range. The city of Casper is about 25 

miles to the northeast and the village of Alcova 
is about 5 miles to the southeast. 

The area is approximately between latitudes 
42°35' and 42°40'3O" north and between longitudes 
106°10' and 106°48' west and centers on the mutual 
corners of the following four United States Geologi- 
cal Survey 7i/£-minute quadrangle sheets: Benton 
Basin, Benton Basin N.E., Clarkson Hill, and Al- 
cova, Wyoming. 

Previous Investigations 

The geology of the area of this report has been 
included in published reports and geologic maps of 
much larger areas and at much smaller scale with 
less detail,  but  no  comprehensive report of the 
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FIGURE 1 Map of Wyoming with stipples indicating the approximate location and extent of 
the Flagstaff Rim area of this report  (see geologic map, Figure 19) . 
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Tertiary stratigraphy and biostratigraphy has been 
published. 

The Oregon Trail traversed Willow Creek and 
Ryan Hill across the northwest corner of the 
mapped area, so it is certain that many thousands 
of people had passed through this area prior to 
the first geologic report by Dr. F. V. Hayden in 
1869. He was the surgeon and naturalist attached 
to Captain W- F. Raynold's expedition of 1859 and 
1860, and his reconnaissance study led to a report 
(1969) that briefly described the geography and in- 
cluded general statements about the tectonic history 
of the central Wyoming region. His geologic map, 
included in his report (1869), shows the Granite 
Mountains and the Rattlesnake Hills. 

Knight (1895), in a summary of the coal deposits 
of Wyoming, described the upper Cretaceous and 
Paleocene coal-bearing rocks of the northeast flank 
of the Rattlesnake Hills anticline. The same author, 
in a later report (1900), was apparently the first to 
recognize the major fault system within the area, 
parts of which affect the area of the present report. 

W. D. Matthew of The American Museum of 
Natural History made a reconnaissance of this area 
in 1899. After looking unsuccessfully for fossils in 
Oligocène outcrops in the Bates Creek drainage 
15 miles to the southeast, Matthew's expedition 
then went northwest, crossed the North Platte 
River and continued westward up Poison Spider 
Creek, turned southward, crossed the Rattlesnake 
Hills and continued southeastward back to Alcova 
on the North Platte River. This route completely 
encircled the present area of study, a richly fossil- 
iferous area, but Matthew's expedition was unsuc- 
cessful in finding fossil mammal remains. The ac- 
count of this reconnaissance is unpublished but can 
be found in Matthew's field book of 1899, on file 
in the Department of Vertebrate Paleontology, 
American Museum of Natural History. 

Hares (1916) briefly described the anticlines of 
central Wyoming and later (1946) published a re- 
connaissance geologic map of the southeast part of 
the Wind River Basin. A geologic map of Natrona 
County, Wyoming (Weitz et al., 1954), and the 
geologic map of Wyoming (Love et al., 1955) both 
include the area of the present study, but the small 
scale and consequent lack of detail make them both 
unsuitable as bases for this report. 

A report and geologic map by Rich (1962) have 

been valuable in the present study. The map in- 
cluded in Rich's report and another map by Den- 
son and Harshman (1969) both cover only part of 
the area of present concern, and both illustrate in- 
terpretations of the Tertiary stratigraphy and struc- 
tural relationships that differ from mine in some 
details. 

The interpretation of the stratigraphy and struc- 
tural relationships of the Tertiary rocks of the area 
of this report are in part dependent upon numerous 
other reports of surrounding areas. Contributing 
in this capacity are the reports of Hayden (1871), 
Endlich (1879), Darton (1908), Granger (1910), 
Sinclair and Granger (1911), Woodruff and Win- 
chester (1912), Bauer (1934), Van Houten (1964), 
Keefer (1965), Keefer and Van Lieu (1966), and 
Love  (1970). 

Unpublished reports that have had some influ- 
ence on the present report are University of Wy- 
oming graduate theses by Berry (1950), Bogrett 
(1951), Rachou  (1951), and Roehler  (1957). 

So far as I can determine, no fossils of Eocene 
age have been reported from the area of present 
study. Fossils of early Oligocène (Chadronian) age 
were reported by Rich (1962). The merycoidodonts 
of the area have been described by Schultz and 
Falkenbach (1954, 1956, and 1968). A manid was 
described by Emry (1970). Shorter papers on new 
rodents include the description of a new beaver 
(Emry, 1972a), a new heteromyid (Emry, 1972b), 
and a new cricetid   (Emry and Dawson, 1972). 

Present Investigation 

The present report is based on field work done 
at various times since 1957. The late Charles Fal- 
kenbach of the Frick Laboratory, American Mu- 
seum of Natural History, collected mammalian 
fossils of Chadronian age from the area in 1941 
and 1954, but these fossils have insufficient strati- 
graphic data to be used in this study. 

In 1957 detailed stratigraphie collection of verte- 
brate fossils was begun in the area by a Frick 
Laboratory party under the leadership of Mr. Mor- 
ris F. Skinner and Mr. Ted Galusha, who collected 
again in the area in 1958 and 1959. Skinner's field 
party spent a few days collecting in the area in 
1963 and again in 1965. My particular interest in 
the area dates from 1958.  During that field season, 
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and the subsequent seasons noted above, I was a 
field assistant for Morris Skinner. 

For a cumulative time of about seven months 
during the summers of 1967, 1968, 1969, and 1971 
I studied the stratigraphy, mapped, and collected 
additional fossils. The part of this report dealing 
with geology is based on field work done during 
these four summers. Paleontology is based on fos- 
sils collected since 1957. 

The mapping (Figure 19) was done both on 
aerial stereophotographs and U.S. Geological Sur- 
vey 7i/£-minute topographic maps. Stratigraphie 
sections were measured with a hand level, correc- 
tions for dip being made where necessary. 

Geography 

CLIMATE.•The Flagstaff Rim area, like most of 
central Wyoming, has a semi-arid middle-latitude 
steppe climate. It has an annual precipitation of 
from 10 to 20 inches, of which more than half nor- 
mally falls during the months of April through 
July as heavy scattered thunderstorms, not infre- 
quently accompanied by hail. With the exception 
of these scattered rains, the days of the summer 
months are usually hot, dry, and clear. Because of 
the dry climate, all of the streams of the mapped 
area are intermittent. 

DRAINAGE AND TOPOGRAPHY.•The mapped area 
(Figure 19) is within the North Platte River drain- 
age system, the river itself flowing northeastward 
only a few miles to the southeast of the area. The 
area above Flagstaff Rim is drained southwestward 
by small tributaries of Eagle Creek, an intermittent 
stream that flows southeastward to empty into the 
North Platte River at Alcova, Wyoming. The face 
of the Flagstaff Rim escarpment and the area be- 
low the rim are drained by Blue Gulch, Lone Tree 
Gulch, and Little Lone Tree Gulch, the first two 
flowing generally eastward to the North Platte 
River, and the last a tributary of the second. The 
north-central part of the area is drained by the 
heads of Willow Creek, which flows northeastward 
to the North Platte River. 

Maximum relief of the mapped area is about 
1300 feet. The altitude above mean sea level 
ranges from a minimum of 5480 feet at the east- 
central side of the mapped area to a maximum of 
6781 feet at the northeast end of Flagstaff Rim. 

The main positive features of the area are Flag- 

staff Rim, Flat Top, and Clarkson Hill. The first 
is a conspicuous topographic rim, the crest of which 
rises northeastward from about 6400 feet in the 
southwest part of the area to 6781 feet above sea 
level at its highest point. The plateau above the 
rim is a slightly dissected plain sloping gently 
southwestward. The escarpment below the rim is 
steep with the Oligocène rocks of the lower part 
dissected into well-developed badland topography. 
Flat Top is a large hill to the east of the rim. The 
flat top of this hill slopes gently southwestward 
from a maximum elevation of 6536 feet at the 
northeast end. Along the southeast and north sides 
of this hill are small areas of hummocky landslide 
topography below concave scars, some of which are 
now completely covered with vegetation, and oth- 
ers, of more recent origin, showing only bare rock 
(see Figure 2). Clarkson Hill, at the northeast 
corner of the mapped area, also has a rather flat top 
with a maximum altitude of about 6180 feet. The 
northwest side of this hill slopes gently into the 
surrounding terrain but the southeast side is steep 
with badland topography developed in Cretaceous, 
Paleocene, and Eocene rocks. 

Stratigraphy 

GENERAL FEATURES 

The rocks of primary consideration in this study 
are of early Oligocène (Chadronian) age. However, 
within the mapped area, rocks range in age from 
Permian to Quaternary, and within a short distance 
outside the mapped area rocks as old as Precam- 
brian are exposed. Chadronian rocks unconform- 
ably overlie all of the rock units ranging in age 
from Precambrian to Eocene and are unconform- 
ably overlain by post-Chadronian rocks. The pre- 
Oligocene rocks, particularly the Precambrian, 
were sources of the locally derived clastic portion 
of the Chadronian rocks. Aside from this relation- 
ship and the physical relationships between the 
pre-Oligocene and Oligocène rocks, the older rocks 
are not directly relative to this study and will 
therefore be only briefly treated. 

PRECAMBRIAN 

Gneiss, schist, granite, and black dike rocks of 
Precambrian age crop out a few miles to the south- 
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west of the mapped area. The area of outcrop of 
these rocks is now relatively small, being mainly 
hills and knobs of crystalline rocks of the former 
Granite Mountains protruding through the blan- 
keting later Tertiary rocks. During Eocene and 
early Oligocène times, much larger areas of Pre- 
cambrian rocks were exposed and these areas were 
apparently at much higher elevations relative to 
the depositional sites of Eocene and early Oligocène 
rocks. Large volumes of Precambrian rock were 
eroded from the Granite Mountains to provide 
elastics for the greater proportion of the early Eo- 
cene rocks of the southeast part of the Wind River 
Basin, which are predominantly coarse arkosic 
sandstones and conglomerates. By early Oligocène 
times the Granite Mountains had been worn down 
to much lower relief but were still contributing a 
significant amount of detritus to the locally derived 
clastic portion of the rocks of early Oligocène age. 

PALEOZOIC SEDIMENTARY ROCKS 

Paleozoic rocks of Cambrian, Mississippian, 
Pennsylvanian, and Permian age are exposed either 
in the mapped area or immediately to the south. 
These rocks dip generally northeastward on the 
southwest flank of the Wind River Basin. Because 
earliest Eocene deposits of the area contain Pre- 
cambrian rocks, it is safe to conclude that the en- 
tire sequence of Paleozoic rocks had already been 
exposed by that time. The coarse early Eocene elas- 
tics also contain cobbles and, in some places, 
boulders of Paleozoic rocks, particularly of the 
more resistant rock types such as the Cambrian 
Flathead Sandstone and the Pennsylvanian Ten- 
sleep Sandstone. There are numerous published 
studies of the Paleozoic rocks of central Wyoming. 
For more detail the comprehensive review of the 
Paleozoic formations of the Wind River Basin by 
Keefer and Van Lieu (1966) is available and in- 
cludes in its list of references many other works 
that may be consulted. 

MESOZOIC SEDIMENTARY ROCKS 

Mesozoic rocks of the mapped area, like those 
of the Paleozoic, dip generally northeastward to- 
ward the axis of the Wind River Basin. Rocks of 
the Triassic, Jurassic, and Cretaceous systems are 
present.  Within the mapped area, each of the for- 

mations of Mesozoic rocks is unconformably over- 
lain by early Oligocène rocks. At the end of the 
Mesozoic the Wind River structural basin began 
to form with a slight downfolding. A small angu- 
lar discordance between strata of the Cretaceous 
Lance Formation and Paleocene Fort Union For- 
mation is a manifestation of this tectonic event. A 
much more spectacular tectonic event occurred at 
the end of the Paleocene or beginning of Eocene 
time; Paleocene and Mesozoic rocks were planed off 
and overlapped by early Eocene rocks, part of 
which were reworked from the Paleocene and Meso- 
zoic rocks themselves. Cobbles of red Triassic 
sandstone and distinctive Cretaceous Cloverly Con- 
glomerate are found in coarser units of the early 
Eocene rocks. Keefer (1965) discussed the later 
Cretaceous rocks of the Wind River Basin, and his 
reference list includes many other papers that 
discuss the Mesozoic rocks of the southeast end of 
the Wind River Basin. 

Tertiary System 

PALEOCENE SERIES 

Paleocene rocks of the Fort Union Formation 
crop out in the mapped area only in a small area 
near the base of the east side of Clarkson Hill, 
near the axis of the Wind River structural basin. 
The Fort Union Formation is separated from the 
underlying Cretaceous Lance Formation by a slight 
angular unconformity of a few degrees and from 
the overlying Eocene rocks by a somewhat greater 
angular unconformity. 

The Fort Union Formation consists of many thin 
and discontinuous beds of dark brown iron-stained 
sandstone, which are resistant relative to the thin 
to thick interbeds of gray to almost white siltstone 
and fine sandstone. Some of the coarser sandstone 
beds are arkosic and occasionally conglomeratic, 
containing fragments of reworked older strata. 
Fragments of siliceous Mowry Shale and chert peb- 
bles like those of the characteristic Cloverly Con- 
glomerate suggest that erosion of the margins of 
the basin had cut at least through the entire se- 
quence of Cretaceous rocks by medial Paleocene 
time. 

EOCENE SERIES 

The Eocene rocks of the area warrant more dis- 


