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ABSTRACT

AN ANALYSIS OF THE HERPETOFAUNA AND PALEOENVIRONMENT
OF THE WASATCH AND BRIDGER FORMATIONS (MIDDLE EOCENE),

AT SOUTH PASS, WYOMING

By

Rachael J. Walker

The middle Eocene Wasatch and Bridger formations of the
Green River Basin of Wyoming have yielded abundant remains of
fossil amphibians, lizards, amphisbaenians, and snakes.

Latest Wasatch (Wa7) and earliest Bridgerian (Br0) basin
margin assemblages have been recovered from near South Pass
on the northeastern margin of the basin and from the
Desertion Point-Little Muddy section on the western margin.
Early Bridgerian (Brl) basin center faunas are represented by
collections from Desertion Point-Little Muddy and Big Island.
The Bridger Basin contains basin center assemblages ranging
in age from Brl through Br3 (middle to late Bridgerian).

Lostcabinian (Wa7) and Gardnerbuttean (Br0) assemblages
were poorly known before recent collections at South Pass.
These levels contain the lizards Glyptosaurus sylvestris,

Machaerosaurus torreijonensis, Saniwa ensidens, Palaeoxantusia

sp., Xestops vagans, Parasauromalus olseni, Restes rugosus,




glyptosaurine "indet A", an amphisbaenid; and the snakes

Dunnophis microechinis, Boawvus occidentalis, Calamagras

primus, Coniophis sp., a rhinophrynid, and a salamander.
"Bridgerian A" (Brl) assemblages containthe lizards

Glyptosaurus sylvestris, Xestops vagans, Parasauromalus

olseni, Saniwa ensidens, an amphisbaenid; and the snakes

Boavus occidentalis, and Coniophis sp., and record the

earliest appearances of the lizards Paraglyptosaurus hillsi,

Palaeoxantusia fera, and Tinosaurus stenodon. Taxa recovered

from the "Bridgerian B" and "Bridgerian C" (Br2 and lower
Br3) include all lizards found in older levels and the

earliest appearances of Palaeoxantusia borealis, Tinosaurus

pristinus, Eodiploglossus borealis, and Apodosauriscus

minutus.

The diversification of this lizard assemblage through
time is a reflection of climatic warming which occurred
during the late Wasatchian through middle Bridgerian but also
may be influenced by the smaller sample size of principally
basin margin assemblages for Wa7 and BroO.

The fossil assemblages and sedimentary stratigraphy at
South Pass indicate the presence of an alluvial fan produced
by reverse movement on the Continental and Wind River faults.
This basin margin environment provided diverse habitats which
in turn supported a wide variety of amphibian, lizard,

amphisbaenid, and snake species.
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INTRODUCTION

The middle Eocene Wasatch and Bridger formations of
Wyoming have yielded abundant remains of fossil amphibians,
turtles, lizards, snakes, crocodilians and mammals for over
one hundred years. The mammals and large reptiles have been
well studied by several workers (Gazin, 1952; 1976; Gunnell
and Bartels, 1994), but the amphibians and smaller reptiles
have been largely overlooked. Over the years, thousands of
s pecimens of the herpetofauna have been obtained by
guarrying, surface collection, and wet and dry screening, but
until now, few were identified or described, and none put in
& precise stratigraphic context. These groups are the only
s ignificant part of the fauna not yet analyzed and are the
Subject of this project.

In 1989 G. F. Gunnell (University of Michigan) began an
©Xtensive field research project in the Green River Basin to
in"estigate the area's early Bridgerian vertebrate faunas. In
1994 3 ocalities at South Pass were first sampled as part of
this Current project (Plate 1). The occurrence of these
depOSits, in an area less well studied than the classic
Bridger sections to the southwest, provided opportunities for
félul"Ell comparison between contemporaneous deposits of the
Pasin center and basin margin areas, and between deposits of

t .
he Qjfferent temporal units.



This study describes the stratigraphy, sedimentology,
and the amphibian and squamate faunas of the South Pass area
from the Wa7 (Lostcabinian), Br0 (Gardnerbuttean), and Brl
(Bridgerian A), in order to compare these with the better
knowmn areas to the southwest. These include the R. M. West
collection from Br2 (Bridgerian B) and the lower Br3
(Bridgerian C) in the Bridger Basin area, and the University
of Michigan collection from Brl and Br2. The stratigraphic
relations between the areas of South Pass, Big Island, and
the Bridger Basin are given in Figure 1. The stratigraphy and
PpPosition of fossil bearing localities in the Bridger Basin
arxre given in Figure 2. The study concludes with an
©examination of the paleoclimate and microhabitats of the
Aarxea, and the evolutionary, zoogeographic, and ecological

dAdi fferences between the faunas, both horizontally within

temporal zones, and vertically through the section.
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LOCATION AND DESCRIPTION

The Green River Basin covers southwestern Wyoming. It
has been defined as a structural basin, first by Engelmann
(1858), and also as an area encompassing the Tertiary rocks
of the area (Sears and Bradley, 1924; Osborn, 1929). Love
(1961) proposed that the former be the accepted definition,
and that is used here.

The principle area of this study is the South Pass
region in the northern Green River Basin, about 16 km south
of Atlantic City which was first extensively studied by Nace
(1939), and by Zeller and Stephens (1969). The area lies at
the boundary between the Green River and Great Divide basins,
and has been referred to by some as the Red Desert Basin,
although Love (1961) proposed that this name be abandoned.

Additional collections have been made in three areas in
the Green River Basin. The Big Island area is in the center
o £ the basin and is represented by the Brl. To the west of
t=Iis is the Desertion Point-Little Muddy area which was
e tensively studied by Zonneveld (1994). This area includes
Waa 7 and Br0 localites from the basin margin and Brl and Br2
le>calities from more central areas. To the south, the Bridger
Bass i n has been collected by R. M. West, and studied recently
by FEwanoff et. al. (1998). Collections from all four areas
hawre been used in the systematic paleontology section of this

Stucdy” - The positions of these areas are shown on Figure 3.
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MATERIALS AND METHODS

The fossils included in this study were collected by the
University of Michigan-Albion College field parties during
the summers of 1989 through 1998. All specimens reside at the
University of Michigan Museum of Paleontology. Most were
recovered by quarrying and surface collection, although dry
and wet screening methods were also used.

The small herpetofaunal taxa were identified by
comparison with existing collections, and from descriptions
in the literature. The majority of the samples collected are
cranial and vertebral elements, many of which are in good
condition and can be identified to the generic or specific
lewvel. Modern skeletons from the Michigan State University

Museum were also used for comparative study where specimens

had Recent analogs.
Next, following the methods of Gingerich (1989), Gunnell

et.al. (1992), and Gunnell (1994), the faunal variation was
e>xamined vertically and horizontally within the Wasatch and
B x i dger formations, from both lacustrine and alluvial
deprosits. Following this, the taphonomic grade of the

ass ssemblages was assessed with respect to breakage, abrasion,

comp>leteness, elements preserved, and general condition of

the s pecimens, in an attempt to reconstruct the

Pal ecocenvironment and depositional characteristics of the

ire&aa - In this excersize, the Wasatch and Bridger deposits of



South Pass were compared laterally, from the basin margin to
those of the classic sections from the basin center. Then the
Br2 deposits from the entire area were compared, vertically,
through the stratigraphic column, with the more poorly
drained, wetter units of the Brl and Br3. Following this, the
paleoenvironmental reconstructions based on the herpetofauna
could be compared with those based on the mammal assemblages
previously published by Gunnell and Bartels (1994). It is
difficult to fine tune the paleoenvironment reconstruction
based on amphibian and reptile species alone, because modern
day analogs of early Tertiary species are not common.
However, some analogues of the Bridger taxa are known to be
verxy restricted today on the basis of climate or habitus, and
may indicate the ecology and environment of that time.

A1l though the taxa present in these deposits are often very
di fferent from their modern relatives, there are

moxphological analogs in modern faunas that occupy the same

niches (Bartels, 1983).
I then compared my data from the South Pass area with

that from the better known localities in the center of the

basin, in an attempt to quantify the faunal and
p<=a 1. eoecological similarities between zones Wa7, Br0 and Brl

irmn the South Pass area, and zones Wa7, Br0, Brl, Br2, and Br3

to> Tt he southwest.




PREVIOUS INVESTIGATIONS

A large amount of field research has been conducted in
the Green River Basin since fossils were first discovered
there in the 18508 (West, 1976; 1990). Hayden (1869; 1873)
named, defined, and described the Wasatch, Green River and
Bridger formations. Further work on facies and tongues of the
Wasatch Formation was done by Schultz (1920), Nace (1939),
Oriel (1961; 1962), Bradley (1964), Culbertson (1965),
Roehler (1965; 1991; 1992a; and 1992b), Zeller and Stephens
(1969), West (1969), and Sullivan (1980). The iron enrichment
©of the red beds was discussed by Braunagel and Stanley (1977)

aand paleosol formation by Rettalack (1983a; 1983b), Bown and
Xraus (1987), Kraus (1987), Kraus and Bown (1993).

The Green River Formation and paleolimnology of Lake
<Sosiute have been studied extensively by Bradley (1959 and
A 964), Bradley and Eugster (1969) and Boyer (1982) with
I wurther work done on the formation's facies, depositional

<= mnvironments and inter-relationships by Roehler (1965),
EZ wagster and Surdam (1973), Surdam and Wolfbauer (1975),
X.w=andell and Surdam (1975), Desborough (1978), Surdam and
S+ anley (1979; 1980), Sullivan (1980), and Roehler (1992a;
1 ©9 92)b).
The stratigraphic relationships in the Bridger Formation
hawve been discussed by Matthew (1909), Osborn (1929), Koenig
(1960), Oriel (1961), Bradley (1964), West (1969), McGrew and
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sullivan (1970), Gunnell and Bartels (1994), and Evanoff et.
al. (1998). Descriptions of the facies have been given by
Koenig (1960), Bradley (1964), Roehler (1973b), and Sullivan
(1980) -

Most paleontological studies have focused on the fishes
of the Green River Formation and the mammals and large
reptiles of the middle beds of the Bridger Formation. Work
has been done on Eocene lizards by Gilmore (1928), Hecht
(1956; 1959), McGrew and Sullivan (1970), Meszoely (1970),
Sullivan (1979; 1986), Meszoely, Estes and Haubold (1978),
Schatzinger (1980), Estes (1983), Estes and Hutchison (1980),
Gauthier (1982), and West (1990). Eocene snakes have been
sstudied by Gilmore (1938), Holman (1977; 1979), and Rage
€ 1984). The amphibians of the Eocene have been studied by

Auffenberg and Goin (1959), Hecht (1959), Estes (1965; 1969;
X.981), Meszoely (1966; 1967), Naylor (1978; 1981), Henrici
« 1991), and Ssanchiz (1998). The paleocenvironment of the area
I as been discussed by MacGinitie (1969), Roehler (1993),

<< onneveld (1994), and Gunnell and Bartels (1994; in prep).
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LITHOSTRATIGRAPHY

The Eocene sedimentary rocks of the Green River Basin
are of two general origins, alluvial and lacustrine (Bradley,
1964) . The mountainous source areas bounding the basin vary
in lithic composition which is reflected in the nature of the
alluvial Tertiary rocks derived from them. To the west, the
Overthrust Belt is comprised of Paleozoic and Mesozoic marine
sedimentary rocks, the Wind River Mountains to the northeast
are comprised of Precambrian igneous and metamorphic rocks
(West 1969), the Uinta Mountains source consists of primarily

Mississippian limestones (Crews and Ethridge, 1993) and
ssandstones and metaquartzites (Sullivan, 1980).

The Wasatch and Bridger formations were laid down
Xoetween 57.5 Ma and 48 Ma when the Laramide Orogeny caused
x—apid uplift, resulting in the deposition of thick, fluvial
== ediments in intervening basins. These formations

3 nterdigitate, with either a distinct or gradual contact,
>~ ith the Green River Formation which comprises a huge lens of
X dne-grained, generally calcareous sedimentary rock of

1 &acustrine origin (Bradley, 1964). The outcrop pattern of

- Xese formations is shown in Figure 3. The stratigraphic
<= lationship between the members and tongues of the Wasatch,

G xeen River, and Bridger formations is shown in Figure 1.

11
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Wasatch Formation

The Wasatch Formation was named by Hayden (1869) for
exposures in Echo and Weber canyons, Utah. Hayden (1869)
defined the formation as variegated red sandstones and
conglomerates, and distinguished it from the thinly laminated
chalky shales of the Green River Formation that, he noted,
had a distinctive banding. However, the great variety of rock
types comprising the Wasatch make a definition difficult, and
Oriel (1961) pointed out that many rocks in this area do not
fit into either of these categories, being neither red, nor
exhibiting the distinctive banding. He also rejected a system
used by some that defined the two formations based on their
fluvial or lacustrine origins.

The Wasatch Formation in the study area is predominantly
xnade up of mudstones, siltstones, and shales, with some
ssandstones and conglomerates. The most striking feature of
*he outcrops is their red and green variegation (Bradley,

M. 964). The coloration is due to the redistribution and
<3Aifferential concentration and hydration or dehydration of
= erric iron compounds in different parts of the profile, in a
<A xy environment where oxidation could occur (Bown and Kraus,
1 ©87). These red beds occur in couplets with green beds which
4 ©gether represent a single period of deposition during

¥ 1 ooding. The red beds resulted from syndepositional chemical

and hydrological conditions in the alluvial sediments which

were favorable for the formation of hematite in the clay-rich

12




mud rock, and the removal of iron oxides from the silt-rich
mud rock. The mechanism proposed was a combination of
original depositional variation in the iron concentrations
associated with textural differences in the floodplain
deposits, and early post-depositional depletion of iron in
the non-red layers with vertical migration of that iron to
the red beds (Braunagel and Stanley 1977).
Ooriel (1962) and Bradley (1964) applied the term "Main
Body of the Wasatch Formation" to those beds underlying the
Green River Formation. Oriel (1962) divided the Wasatch into
five units, from oldest to youngest; the Chappo Member, the
La Barge Member, which makes up the Main Body of the Wasatch
Formation, the Middle Tongue (New Fork and Cathedral Bluffs
tongues), Upper Tongue (renamed the Desertion Point Tongue;
Sullivan, 1980), and an unnamed conglomerate which
dnterfingers with the Green River Formation. A younger
<tongue, the Niland, was subsequently described by Bradley
€ 1964), Culbertson (1965) and Roehler (1965).

Roehler (1965) recognized three main lithofacies within
®—he Wasatch Formation. The red-bed fluviatile facies is the
rxaost common and makes up most of the Main Body of the
W asatch. It is made up of brightly colored detrital rocks
%7 Gith some interbedded limestones and marls. These deposits
=s 1Now abrupt variations and gradations in lithology and color.
‘T Y¥2e coarser clastic siltstones and sandstones are typically

1 e88 brightly colored and occur in thin, but extensive,

13



sheetlike bodies. Lenticular sandstones and conglomerates are
also present (Sullivan, 1980).

The red-bed facies grades mountainwards into the
"pediment facies" (Sullivan, 1980) which consists of red and
gray-green fanglomerate deposits with interbedded sandstones.
These are conglomerate successions related to tectonic
movement (Tracey et al. 1961) and contain sub-angular to
rounded clasts derived from the Wind River Range (Sullivan,
1980) .

The non-red fluviatile-paludal facies locally replaces
the red-bed facies. It is characterized by gray and green
mudstones and sandstones locally rich in carbonaceous shales
and subbituminous coal deposits. These non-red deposits were
laid down during more humid periods when Lake Gosiute
expanded to fill a greater area within the basin (Sullivan,

1980).

The Main Body of the Wasatch Formation

The areal extent of the Main Body of the Wasatch is
=shown in Figure 4. The formation consists predominantly of
<gyreen, red, and purple banded mudstone interbedded with
< laystone and marlstone, and is early Eocene in age

 Sullivan, 1980). Sandstone and conglomerate beds occur low
i 1 the section and at the basin margins (Oriel, 1962; Oriel
and Tracey, 1970). It was divided by Oriel (1962) into the

Chappo Member, which is Clarkforkian in age, and the

14
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overlying La Barge Member which is Lostcabinian in age
(Zonneveld, 1994). At the basin margins, both consist of
variegated red, purple, orange, tan and gray mudstone, with
interbedded sandstone and conglomerate, and are separated
from one another by an angular unconformity (Oriel, 1962;
Roehler, 1993). In the center of the basin the sediments are
of the same lithology, but are gray and green due to being
more water saturated (Roehler, 1993). The unit has an
irregqular thickness which increases towards the basin
margins. Towards the basin center it thins and grades into
the Niland, Alkali Creek, Cathedral Bluffs, and Desertion

Point tongues of the Wasatch Formation (Roehler, 1992b).

The Cathedral Bluffs Tongue

The Cathedral Bluffs Tongue of the Wasatch Formation was
first described and named the Cathedral Bluffs Bed by Schultz
(1920). sears and Bradley (1924) renamed the deposits the

<athedral Bluffs Tongue of the Wasatch Formation. It is
«=xposed to the north of the Rock Springs Uplift in the Green
FRiver Basin, where it interfingers with the Wilkins Peak
Pdember in the center of the basin (Bradley, 1964), and to the
xa»orth with the Tipton Shale, Laney, and Godiva members

¢ Roehler, 1992b) of the Green River Formation. The Cathedral
B 1uffs Tonque is Lostcabinian in age, and overlies the New

¥ ork Tongue of the Wasatch Formation (Sullivan, 1980). It

consists of a wedge of alluvial sediments predominantly made

16



up of gray mudrocks banded with red, purple, and orange
layers . Near the basin margin sandstones and conglomerates

occur (Bradley, 1964; Roehler, 1992b).

The Desertion Point Tongue

The Desertion Point Tongue was named by Sullivan (1980)
as equivalent to the Upper Tongue of the Wasatch Formation of
Oriel (1961). It is Gardnerbuttean in age (Zonneveld, 1994).
The unit consists of a red-bed fluviatile clastic unit
cropping out along the western margin of the Green River
Basin. The bed thins, and the red coloration diminishes
towards the basin center. Towards the south the bed becomes
thicker and coarser nearer the source in the Uinta Mountains.
This tongue was deposited contemporaneously with the
Cathedral Bluffs Tongue of the north and central basin
(Sullivan 1980). The areal extent of the Cathedral Bluffs and

Desertion Point tongues are shown in Figure 5.

The New Fork Tongue of the Wasatch Formation was first

<ljescribed by Donovan (1950) and then redefined by Oriel

€ 1961). It is Lostcabinian in age, and crops out along the
wsrestern margin of the Green River Basin and is
< ontemporaneous with the Cathedral Bluffs Tongue (Sullivan,
1 980). It consists of a thick wedge of alluvial sediments

c onmprised of gray and light green sandy mudstone banded with

xed and purple. Greenish-gray sandstones occur as irregular

peds and lenses (Bradley, 1964; Lawrence, 1965; Sullivan,

17
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1980). It interfingers with the Tipton Shale and Wilkins Peak

members of the Green River Formation (Lawrence, 1965).

Green River Formation

The Green River Formation was named by Hayden (1869) for
the exposures of early to middle Eocene beds along the Green
River west of Rock Springs, Wyoming. They consist of light-
gray, brown or buff dolomitic marlstones, shales, oolitic
limestones, mudstones and litharenites of lacustrine origin
containing salt-crystal molds, bedded algal deposits, and
volcanic layers. Throughout the basin, units of the Green
River Formation intertongue with both the Wasatch and Bridger
formations representing the continual change in areal extent
of Lake Gosiute throughout the late early and early middle
Eocene (Bradley, 1964).

Surdam and Wolfbauer (1975) and Surdam and Stanley
(1979) recognized three major lithofacies; the carbonate
facies, the laminated carbonate facies or oil shale facies,
and the evaporite or trona facies. The carbonate facies

consists of thinly bedded calcareous and dolomitic mudstone

with stromatolitic and oolitic limestone, marlstone,

si 1tstone, and oil shale. Desiccation features are common but
fossils are rarely found. It commonly grades laterally into
the laminated carbonate or oil shale facies. The oil shale is
macde up of alternating layers of dark, kerogen-rich and

ligghter, kerogen-poor carbonates. The evaporite facies

19
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consists of bedded trona deposits associated with oil shale
and dolomitic mudstone. Thin clastic beds of sandstone and
mudstone may be developed locally (Sullivan, 1980).

The Green River Formation can be divided into members on
the basis of varying lateral extent, lithology and
intertonguing relationships with the Wasatch and Bridger
formations. Those units cropping out in the study areas are
the Wilkins Peak Member and the Laney Shale Member which can,

in some areas, be separated into the lower Craven Creek Bed

and the upper Cow Hollow Bed (Sullivan, 1980).

The Tipton Shale Member

The Tipton Shale Member of the Green River Formation
were first described and named by Schultz (1920). It is of
Lostcabinian age (Sullivan, 1980). The Tipton Tongue crops
out to the north of the Rock Springs Uplift where is
interfingers with the Wasatch Formation. Along the eastern
margin of the Green River Basin, contemporaneous units are
named the Tipton Shale Member because it is not separated
from the main body of the Green River Formation by Wasatch
units (Culbertson, 1965). The Tipton Tongue is made up of tan
to grayish-brown oil shale, limy sandstone, mudstone,
sandstone, and algal limestone (Bradley, 1964). The lower
paxt of the unit is named the Scheggs Bed (Roehler, 1991),
and was deposited during the first major expansion of Lake

Goss iute (Roehler, 1992b; Roehler, 1993). This unit is
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predominantly drab brown in color. The overlying Rife Bed
(Roehler, 1991) is a drab gray color, and its first
appearance marks the closing off of drainages leaving the
Green River Basin, a major climate change, and an abrupt
change in the waters of Lake Gosiute from fresh to saline

(Roehler, 1993).

The Wilkins Peak Member

The Wilkins Peak Member of the Green River Formation
crops out in the Green River Basin and represents a period of
repeated transgressions and regressions of Lake Gosiute
(Roehler, 1992b; Roehler, 1993). It is Gardnerbuttean in age
(Zonneveld, 1994). Its areal extent is shown in Figure 6. The
member consists of sandy, dolomitic marlstone and marly shale
with abundant saline minerals and is contemporaneous with the
Catherdral Bluffs and Desertion Point tongues of the Wasatch
Formation (Bradley, 1964). The relationship between these
units is shown in Figure 7. Marginal mud flats and playas
developed during lowstands (Roehler, 1993). The Wilkins Peak
Member is divided into lower, middle, and upper units that
represent different paleogeographies and salinities of Lake

Gosiute (Sullivan, 1980; Roehler, 1992b).
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The Laney Shale Member

The Laney Shale Member of the Green River Formation was
first named and described by Schultz (1920) and crops out
along the eastern margin of the Green River Basin as
resistant layers of tuffaceous sandstone, marlstone, muddy
sandstone, and oil shale. Its areal extent and facies are
shown in Figure 8 and Figure 9. The unit represents the
maximum areal extent of Lake Gosiute during the Bridger A
(Brl) and B (Br2), and overlies the Cathedral Bluffs and New
Fork tongues of the Wasatch Formation in the north and west
(Sullivan, 1980). Here the unit consists of shale and
mudstone, and has little organic matter. The Laney thins out
to the north, so that in some areas at South Pass the Bridger
lies conformably on the Cathedral Bluffs Tongue of the
Wasatch Formation (Bradley, 1964). The Laney Shale Member is
divided into the LaClede, Sand Butte, and Hartt Cabin beds
(Roehler, 1992a). The LaClede Bed was deposited as Lake
Gosiute expanded and the lake water changed from saline to
fresh as an outlet for the lake developed. The LaClede Bed
marks the longest period of sustained lacustrine deposition
of Lake Gosiute (Roehler, 1992b). The overlying Sand Butte
Bed was layed down during a period of increased volcanic
activity and climatic cooling. As a result, Lake Gosiute
retreated southward, with periodic expansions northward and
eastward. The top of the Laney Shale Member, the Hartt Cabin

Bed was layed down during the final contraction of Lake
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Gosiute during the late middle Eocene (Roehler, 1993).

Bridger Formation

The Bridger Formation was named by Hayden (1873) for the
rocks exposed in the central part of the Green River Basin
along the Union Pacific Railroad. It occupies large areas of
the Green River and Washakie basins and has an estimated
total thickness of 650 m in the south central part of the
basin (Sullivan, 1980). Matthew (1909) divided the Bridger
Formation into Bridger A through E, using nine calcareous
tuffs or 'white layers' as stratigraphic markers. A is
separated from B by the Lyman Limestone, B from C by the Sage
Creek White Layer, C from D by the Lonetree White Layer, and
D from E by the "upper limestones" (Evanoff et. al., 1998).
The abundance of carbonates and the presence of fresh water
gastropods indicate that these layers were probably deposited
in extensive, but shallow, lakes (Bradley, 1964).

Wood (1934) grouped the Bridger A and B naming the unit
the Blacks Fork Member, and grouped the Bridger C and D
naming that unit the Twin Buttes Member. The Sage Creek White
Layer separates these members and consists of two beds, a
white, hard, platy marlstone and a light-brown, hard, platy
marlstone. It is extensive in the southern Green River Basin
but loses its white coloration to the east. Evanoff et. al.
(1998) described and measured stratigraphic sections from the

Bridger Basin where the material used in this study was
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collected. They re-examined the marker beds used by Matthew
(1909) and proposed the name Turtle Bluff Member for the
Bridger E.

Since its original definition Koenig (1960) has included
strata from northeastern Utah and northwestern Colorado in
the Bridger, and divided the formation into lower, middle,
and upper based on lithologic variation. The areal extent of
the lower, middle, and upper Bridger are shown in Figure 10
and Figure 11. Roehler (1973) re-established the term
Washakie Formation for those beds in the Washakie Basin which
are of approximately the same age, but differ in color,
detailed lithology and stratigraphic relationships from the
rocks of the Bridger Formation.

The Bridger Formation is predominantly made up of
shallow lake, lake margin and fluvial deposits and represents
a moist, closed forest environment which developed on the
margins of Lake Gosiute and thus generally lacks the red beds
seen in the Wasatch Formation (Roehler, 1992a). It resembles
the Wasatch Formation except in having fewer red beds and
more volcanic ash (Sullivan, 1980). The formation
intertongues with, and overlies, the Green River Formation
but for the most part the position of the base of the Bridger
is uncertain as it grades downwards and laterally into this
lacustrine unit. The Bridger is at its thickest in the
southern Green River Basin, near Twin Buttes, where it
reaches 750 m; at South Pass the formation is only about

155 m. The oldest beds are exposed around the margins of the
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formation's outcrop with successively younger beds exposed in
a series of terraces in the southern part of the basin. In
the north, these younger beds were either never deposited, or
were subsequently removed (Koenig, 1960).

The Bridger consists of sandy tuffaceous mudstone
ranging in color from light gray to dark green to grayish
brown, though local pink and dull red banding occurs.
Interbedded with the mudstones are beds and lenses of
crossbedded gray to brownish-gray medium-grained tuffaceous
muddy sandstone (Bradley, 1964). Koenig (1960) described six
types of sediment: 1) Thin fresh-water tuffaceous limestone,
marl and associated lacustrine sandstone and shale. 2)
Channel sandstone deposits. 3) Flood plain deposits, making
up the bulk of the Bridger Formation. 4) Deltaic and
lacustrine sandstones and siltstones. 5) Lignitic and coaly
deposits and 6) volcanic material. Near uplifts, the Bridger
becomes coarse grained and locally conglomeratic. The
conglomerates to the south contain clasts of Mississippian
limestone (Crews and Ethridge, 1993), quartzites and
metaquartzites (Sullivan, 1980) from the Uinta Mountains. To
the north, clasts of hornblende schist and granite were
derived from the Wind River Mountains (Stiedtmann et. al.,
1983). Volcanic ash beds are common and most beds of the
Bridger are tuffaceous with some clastic content. Thin
limestone and marlstone layers form conspicuous benches while
carbonaceous sandstones, shales, and clays are rare (Bradley

1964). Koenig (1960) proposed a volcanic source for virtually
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all the Bridger Formation sediments, except the calcareous
layers, due to the absence of recognizable detrital material
and the remarkable similarity in mineral composition
exhibited by the Bridger deposits.

The ash layers were most likely derived from the
Absaroka Range to the north, and are made up of andesitic and
rhyolitic tuffs occuring in irregular beds and lenses that
exhibit cross bedding and lenticularity suggesting reworking
by streams. Postdepositional alteration sometimes gives these
rocks a vivid coloration, particularly bluish-gray and deep
green. However, typically they weather to a pale greenish-
gray color. The large areal extent and lack of reworking of
the ash deposits suggests that the ash falls choked the
drainage channels and caused the overloaded streams to
meander widely until former stream gradients were re-
established. Some deposits, however, show more reworking and

a greater admixture of clastic material (Bradley, 1964).

The Whiskey Butte Bed

The Whiskey Butte Bed was named by Sullivan (1980) for
the lower Bridger sediments from the western margin of the
Green River Basin previously termed the Lower Bridger (McGrew
and Sullivan, 1970; Kistner, 1973). It is a fluviatile unit
at the base of the Bridger that merges with the Laney Shale
Member of the Green River Formation to the south. The unit is

comprised of light gray or green siltstone{ mudstone, and
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claystone, with coarser beds becoming increasingly important
higher in the section. Volcanics from the Absaroka Range
provide much of the sediment that has subsequently been
reworked by streams and highly weathered (Sullivan, 1980).
Thin marlstones and limestones occur that originated along
the margins of a playa lake (Wolfbauer and Surdam, 1974).
Fine to coarse grained, poorly sorted, volcanic lithic
sandstones occur as sheetlike bodies interbedded with
conglomerates (Sullivan, 1980). The Whiskey Butte Bed
represents a regression of Lake Gosiute, and corresponds to
the Bridger A of Matthew (1909), and an age of Brl (Gunnell

and Bartels, 1994).

The Main Body of the Bridger Formation

At South Pass, the Main Body of the Bridger Formation
overlies the Laney Shale Member of the Green River Formation,
and consists of gray and green mudstone, sandstones, and
algal limestones. This unit is also Brl in age (Bartels,
pers. com.).

In the Bridger Basin, the limestone and marlstone layers
make up conspicuous and extensive white layers used to
identify faunal boundaries. In an area between Opal and
Hampton, Wyoming, McGrew and Sullivan (1970) lettered the
white layers of the Bridger A as A through G, and the units
they separate were numbered I through VIII. In this area the

Bridger A is underlain in part by the Upper Tongue of the
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Green River Formation, the Craven Creek Bed (Sullivan, 1980),
and by the Upper Tongue of the Wasatch Formation, the
Desertion Point Tongue (Oriel, 1961). It is overlain by the
Bridger B. The unit can be separated into upper and lower
units by a 50-foot-thick lacustrine bed which is probably a
tongue of the Laney Shale Member of the Green River Formation

(McGrew and Sullivan, 1970).
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FOSSIL VERTEBRATE LOCALITIES

Localities at South Pass

SP1 (Brl)

Predominantly red-brown siltstone, sandstone and
conglomerate. The conglomerate is clast supported and
consists of sub-angular, boulder-sized quartz, metamorphic
and igneous rocks from the Wind River Mountains to the north.
The bed exhibits a rapid decrease in grain size upwards at
the boundary with the overlying sandstone. It lacks sorting,
stratification, or channel filling features. It is non-
stratified, has non-erosive bases, and lacks grading. It has
yielded no fossils, and no imbrication, or other fabrics,
were seen. The sandstone is red-brown, coarse grained,
massive, and contains sub-angular quartz, feldspar, mafics,
and rock fragments. Although for the most part
unfossiliferous, many vertebrate remains were found
associated with one very well consolidated mudstone and
sandstone layer near the center of the locality. SPl is on
the northwestern side of Continental Fault across from all
other localities, thus its position in the section is

unclear.

SP2 (Bro)

A sequence of variegated siltstones and mudstones.
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SP3 (Bro0)

A sequence of variegated siltstones and mudstones.

SP4 (Bro0)

Predominantly green siltstones and sandstones with some
red beds towards the base of the section. The upper green
beds were unfossiliferous, while the red beds yielded few

vertebrate remains.

SP5 (Bro0)

A sequence of green, red, and purple siltstones and

sandstones.

SP6 (Br0)

Situated in the area known as Honeycomb Buttes to the
southeast of the local badlands. The locality consists of
spectacularly colored siltstones and sandstones. The well
developed paleosols are green, red, and purple and very
fossiliferous. Towards the top of the section, turtle and
crocodile remains were found, while lower down more
terrestrial vertebrates were found associated with the red
and purple layers. For the most part the green layers were
unfossiliferous, while the darker layers yielded some

associated specimens in good condition.
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SP7 (Bro0)

Alternating green and red beds with occasional orange
horizons. These were predominantly siltstones between 10 cm
and 2 m thick, dipping very slightly to the east. The most

productive layers were the dark red beds near the top of the

section.

SP8 (Br0)

Red and green siltstone and sandstone layers, again
dipping slightly to the east. The most productive layers were
again the dark red beds, but at SP8 the layers were those low
in the section. This locality was very productive, perhaps
due to the large number of flat areas of washout from the

badlands where most fossils were found.

SP9 (Bro0)
Adjacent to SP8 to the west, and exhibiting much the
same lithology. Again, the lower red beds were the most

productive while the higher beds yielded crocodile and turtle

remains.

SP10 (Bro0)

A sequence of roughly horizontal green, red, and purple
weathering layers. The beds ranged from poorly sorted green,
red, and brown sandstones to moderately sorted dark green

siltstones. All layers were unfossiliferous except the lowest
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fine grained, red siltstone at the north end of the locality,

which yielded some bone fragments and one marsupial tooth.

SP11 (Bro0)
A series of green and red, unfossiliferous siltstones

and sandstones.

SP12 (Br0)

A sequence of variegated siltstones and mudstones.

SP13 (Bro)

A sequence of variegated siltstones and mudstones.

SP14 (Br0)

A sequence of variegated siltstones and mudstones.

SP15 (Bro0)

A sequence of variegated siltstones and mudstones.

SP16 (Bro0)

Green, red, and brown siltstones and sandstones
containing isolated pockets of fossiliferous rock. The most
productive layers were the red beds, while some layers
produced only turtle and crocodile remains. One such bed
contained a 1.5 m thick layer of nothing but crocodile

fragments, while others produced turtle and crocodile
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remains. These taxa also appeared in abundance in the layers

where more terrestrial remains were found.

SP17 (Bro0)

Adjacent to SP16 to the north, and also consists of
green, red, and brown siltstones and sandstones. The
crocodile and turtle rich layers are also present here, while
the red beds produce the most specimens of terrestrial

reptiles and mammals.

SP18 (Bro0)

To the west of both SP16 and SP17, this locality
exhibits the same lithologies. Again, the turtle and
crocodile rich layers are found as well as the layers rich

with more terrestrial vertebrate remains.

SP19 (Bro0)

Predominantly red beds with some green and brown layers.
The lithologies range from siltstone to sandstone and are
largely unfossiliferous. Those fossils found were poorly

preserved.

SP20 (Br0)
Just to the north of SP19, and seperated from it by red
sand flats. SP20 had the same lithologies present as at SP19

and was similarly lacking in vertebrate remains.
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SP21 (Bro0)
Adjacent to SP20, along the western edge of the North
Fork of Bear Creek drainage. SP21 yielded few fossils. The

area consisted of green and red siltstones and sandstones.

SP22 (Br0)

Green, red, and brown mudstones, siltstones, and
sandstones. The brown, fine siltstone and mudstone layers
were the most fossiliferous, yielding some teeth. Other
layers mostly contained crocodile and turtle remains, some of

which were very complete.

SP23 (Br0)

A sequence of green, red, and brown mudstones,
siltstones, and sandstones. Again, the most productive layers
were the brown, fine grained siltstones and mudstones. These
were very productive, yielding 26 catalogued specimens in one

afternoon.

SP24 (Br0)

To the north of SP6 and consists of the same brightly
colored green, red, and purple siltstones and sandstones.
However, it was not as rich in vertebrate material, which

again was found predominantly in the red and purple layers.
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SP25 (Bro0)
Predominantly red siltstones and sandstones with some
green layers. Fossils mainly came out of the red beds, high

in the section.

SP26 (Br0)

The locality is a large drainage flanked by green and
red siltstones and sandstones. This locality was very
fossiliferous, with most remains being found in pockets in
siltstone layers or on green siltstone flats. Further north
into the valley, fossils finds diminished as we reached the

top of the section.

SP27 (Bro)
To the north of locality SP18. It consists of green and
red siltstone and sandstone. Vertebrate remains were mainly

found in isolated pockets within the red beds.

SP28 (Bro0)

North of Continental Peak, the locality consists mainly
of green siltstonés and sandstones, with few thin red beds.
Occasional, thin conglomerates with subrounded pebbles of
quatrz, metamorphic and igneous rocks from the Wind River
Mountains occur. Some mammal remains were found in the finer
grained beds, but the most common fossils were lizards
weathering out of the green "popcorn" layers of siltstone,

and accumulating at the base of the cliffs. Much of the area
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was covered with well rounded cobbles of metamorphic and
igneous rocks, presumably washed in from the Wind River

Mountains by glacial rivers during the Pleistocene.

SP29 (Bro0)
A sequence of green and red siltstones and sandstones.
Largely unfossiliferous, though with some small

concentrations of fragmentary vertebrate remains.

SP30 (Bro0)

A sequence of variegated siltstones and mudstones.

SP31 (Bro0)
Forming part of the eastern side of the North Fork of
Bear Creek, the sediments at SP31 are green and red siltstone

and sandstone. Few fossils were found.

SP32 (Bro0)

A sequence of variegated siltstones and mudstones.

SP33 (Br0)

A sequence of variegated siltstones and mudstones.

SP34 (Bro0)

A sequence of variegated siltstones and mudstones.

42



SP35 (Br0)

A sequence of variegated siltstones and mudstones.

SP36 (Bro0)

This locality occurs towards the head of the North Fork
of Bear Creek, and consists of green and red-orange siltstone
and sandstone. Here, the fossiliferous zones were small green
pockets within the red-orange layers. These appeared to be
produced by diagenetic alteration of the red-orange layers,
perhaps associated with the fossil material's presence as the
pockets were sporadic and generally occurred near the top of

beds.

SP37 (Bro0)
To the northwest of SP36, also consisting of green and
red-orange siltstones and sandstone. Again, fossils were

found in green pockets in the red-orange layers.

SP38 (Bro0)

To the west of SP36, this is a large locality of green
and red-orange siltstones and sandstones. Small vertebrate
remains were again associated with the small green pockets,
while larger remains came out of the red-orange layers. There
are three distinct horizons containing massive amounts of
crocodile and turtle remains. These occur near the base of
the section, approximately at the middle of the section, and

also near the top. Only turtle and crocodile fragments are
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found here, some of which are complete. The layers are
laterally continuous and cover an area of about a mile in an
east-west direction, and extend northward up the drainages at

the edge of the locality.

SP39 (Bro0)
This locality is higher in the section and north of
SP38. The locality consists of green and orange-red siltstone

and sandstone.

SP40 (Bro0)

A sequence of variegated siltstones and mudstones.

SP41 (Bro)
South of SP38 and consisting of a series of green and

red siltstones and sandstones.

SP42 (Bro0)

A sequence of variegated siltstones and mudstones.

SP43 (Bro0)

A sequence of variegated siltstones and mudstones.

SP44 (Bro)

A sequence of variegated siltstones and mudstones.
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SP45 (Bro)

A sequence of variegated siltstones and mudstones.

SP46 (Bro0)
This locality is described in detail in the stratigraphy

section.

SP47 (Bro0)
The locality consists of red beds at the base of a
northeast trending bluff. Some fossils were found at the base

of the bluffs.

SP48 (Br0)
This locality is above SP47 and consists of gray beds
above the red sequence of SP47. Fossils were recovered from

the lowest resistant ledge.

SP49 (Br0)

Consists of a series of red beds at the base of a
southeast facing bluff. There are more orange and purple
layers than were seen at SP47. Fossils were found in the gray

beds near the base of the section.

SP50 (Bro)

A series of gray beds above SP47.
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SP51 (Bro)

A series of low, north facing exposures of siltstones

and mudstones.

SP52 (Bro0)
Consists of a group of east facing exposures consisting

of siltstones and mudstones.

SP53 (Bro0)
The locality comprises a ridge of siltstones and

mudstones.

SP54 (Bro0)
Consists of siltstones and mudstones forming a group of

low hills along the drainage of Bear Creek.

SP55 (Br0)
Consists of a series of low beds at the head of the

valley northeast of SP26.

SP56 (Bro)

Consists of a sequence of siltstones and mudstones.

SP57 (Bro0)
Just east of SP56, in a southeast opening valley. Bright
orange, fossiliferous siltstones occur as series of low

exposures.
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SP58 (Bro0)

Consists of a small, white, sandy exposure which yielded

few fossils

SP59 (Bro)

Made up of two isolated hills which are poorly exposed.

SP60 (Br0)
Consists of a series of variegated siltstones and

mudstones forming a south facing bluff.

SP61 (Bro0)
A series of siltstones and mudstones making up a west

facing exposure.

SP62 (Bro0)
Forms the flanks of the valley where SP61 is found. It

consists of a sequence of siltstones and mudstones.

SP63 (Bro)
Consists of siltstones and mudstones forming isolated

hills in the valley just north of SP26.
SP64 (Bro0)

Consists of a series of siltstones and mudstones making

up a low, south facing exposure north of SP63
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SP65 (Bro0)

Due south of SP63, lying along the southern flank of the
same valley. It consists of siltstones and mudstones forming
a series of low exposures around a prominent north pointing

bluff.

SP66 (Bro0)
Due west of SP46 and consists of predominantly gray-
green siltstones and mudstones making up exposures along the

base of a series of bluffs.

SP67 (BroO)
Southwest of SP46 and consists of predominantly gray-
green siltstones and sandstones making up a group of low

hills and exposures.

SP68 (Bro0)
Consists of siltstones and mudstones making up a series
of north facing exposures along a ridge in the center of a

valley.

SP69 (Bro)

Consists of siltstones and mudstones forming a ridge.
SP70 (Bro)

Makes up a prominent ridge west of SP65. It consists of

siltstones and mudstones forming a north facing exposure.
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SP71 (Bro)
Is made up of a series of exposures above SP5. It
consists of siltstones and mudstones forming a large, east

facing bluff.

SP72 (Bro0)
North of SP61 and consists of siltstones and mudstones
forming a series of low exposures around the base of the

valley.

SP73 (Bro0)
Consists of siltstones and mudstones forming a series of

south facing low exposures.

SP74 (Wa7)
Consists of a series of low exposures of siltstones and
sandstones at the base of a north-south trending ridge. The

fossiliferous horizon is a yellowish channel lag sandstone.

SP75 (wWa7)
Made up of a small exposure at the base of a yellowish

channel lag sandstone.

SP76 (Bro0)
Not very fossiliferous. It consists of siltstones and
mudstones forming a series of low exposures in a narrow

valley.
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SP77 (Bro0)
North of SP76, and consists of siltstones and mudstones
forming an east-west trending ridge running across the same

narrow valley.

SP78 (Bro0)
This locality is described in detail in the stratigraphy

section.

SP79 (Bro)
This locality is described in detail in the stratigraphy

section.

SP80 (Br0)
Situated between SP6 and SP57 in a small south facing
valley. It consists of a sequence of siltstones and

mudstones.

SP81 (Bro)
Consists of a series of siltstones and mudstones making

up a group of high exposures above SP41.

SP82 (Bro0)

Consists of a sequence of siltstones and mudstones.

SP83 (Bro)

Made up of a sequence of siltstones and mudstones.
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SP84 (Bro0)
Consists of a series of siltstones and mudstones forming
the wall of a south facing "amphitheater" east of SP64 and

northwest of SP42.

SP85 (Bro0)
Lies along the east side of the North Fork of Bear Creek
valley. It consists of a series of siltstones and mudstones

forming a group of low exposures.

SP86 (Bro0)
A low, isolated butte made up of gray-green siltstones

and mudstones. Only lizard osteoderms were recovered.

SP87 (Bro0)

Consists of an isolated butte made up of siltstones and

sandstones that were relatively unfossiliferous.

SP88 (Bro0)
Made up of a series of siltstones and mudstones forming
the walls of a long, south facing valley to the east of SP87.

A small number of isolated teeth were recovered.

SP89 (Bro0)
Consists of the upper green beds at SP79 that were
generally unfossiliferous. In discussions of SP79, only the

"Flats" area belong to SP89.
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SP90 (Bro0)

Consists of a series of siltstones and mudstones on the

east side of Continental Peak.

SP91 (Bro0)

Made up of a series of siltstones and mudstones making

up Five Fingers Butte.

SP92 (Bro0)

Consists of a series of gray siltstones and mudstones on

either side of the North Fork of Bear Creek.

SP93 (Bro0)
Consists of a series of variegated siltstones and
mudstones just above the Tipton Tongue of the Green River

Formation, which contains abundant stromatolites.

SP94 (Bro0)
Consists of a sequence of siltstones and mudstones

making up a series of low exposures on the west side of

Continental Peak.

SP95 (Br0)
Made up of a series of siltstones and mudstones forming
a group of low, west facing exposures on the west side of

Continental Peak above SP90.
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SP96 (Br0)
Consists of a series of siltstones and mudstones above

SP95 at Continental Peak.

SP97 (Bro0)
Made up of a series of siltstones and mudstones above

SP96 at Continental Peak.

SP98 (Bro0)
Consists of a series of gray siltstones and mudstones
forming a low exposure southwest of SP78 in a broad valley

along Red Creek.

SP99 (Bro)
Consists of a series of mottled paleosols forming a

southeast facing exposure.

SP100 (Bro0)
Consists of a sequence of siltstones and mudstones
forming an isolated butte and south facing exposure in the

drainage of the North Fork of Bear Creek.

SP101 (Brl)

Made up of a series of deposits on the northwest side of

Continental Peak.
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SP102 (Brl)
Made up of a series of exposures on the northwest side

of Continental Peak below SP101.

SP103 (Bro)
In a deeply incised valley north of SP87, and consisting

of a series of siltstones and mudstones.

SP104 (Brl)
Consists of a series of exposures on the northeast side

of Continental Peak.

SP105 (Bro0)
Consists of a sequence of siltstones and mudstones
forming an east-west trending ridge and isolated north-south

trending ridge south of SP5.

SP106 (Bro0)
Consists of a series of deposits near the base of the

northern side of Continental Peak.

SP107 (Bro)

Made up of a series of deposits west of SP52.

SP108 (Bro)

Consists of a series of deposits west of SP107
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SP109 (Br0)
Consists of a series of gray-green siltstones and

mudstones forming a low exposure in a small drainage.

SP110 (Bro0)
Made up of a red and green mottled bed near the base of
two east facing valleys in the northeast part of the North

Fork of Bear Creek.

SP111 (Br0)
A series of deposits on the west side of Continental

Peak just below the summit.

SP112 (Bro0)
A series of deposits on the west side of Continental

Peak just below the summit.

SP113 (Br0)
Consists of a sequence of siltstones and mudstones
forming a series of south facing exposures and an isolated

butte northwest of SP5.

SP114 (Brl)

Consists of a sequence of deposits on the northeast side

of Continental Peak.
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SP115 (Bro0)

Made up of a sequence of siltstones and mudstones.

SP116 (Bro0)

Consists of a sequence of siltstones and mudstones.

SP117 (Brl)
Consists of a sequence of deposits at the base of the

east side of Continental Peak.

SP118 (Brl)

Consists of a sequence of deposits at Continental Peak.

Localities at Big Island

BI15 (Brl)
BI20 (Brl)
BI26 (Brl)
BI38 (Brl)
BI40 (Brl)
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Localities at Desertion Point-Little Muddy

BB7 (Brl)

BB56 (Br2)
BB83 (Br2)
BB91 (Br2)

Localities at Bridger Basin

1419 (Br2)

1098 (Br3)

1125 (Br3)

1126 (Br3)

1127 (Br2)

1129 (Br2)

1139 (Br2)

2145 (Br2)

2234

2239 (Br3)

2406 (Br3)

2413

2827 (Br3)
Accumulation 24329 (Br2)
Trap 72, 2522 (Br2)

Twin Buttes White Layer
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FAUNAL LIST

Kingdom Animalia
Phylum Chordata
Class Amphibia
Infraclass Lissamphibia
Order Caudata
Suborder Cryptobranchoidea
Family Cryptobranchidae

Cryptobranchus saskatchewanensis

Suborder Proteoidea
Family Proteidae

Necturus krausei

Suborder Ambystomatoidea
Family Scapherpetontidae

Scapherpeton tectum

Piceoerpeton willwoodense

Superorder Salentia
Order Anura
Suborder Mesobatrachia
Superfamily Pipoidea
Family Rhinophrynidae

Rhinophrynidae indeterminate
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Class Reptilia
Order Squamata
Suborder Lacertilia
Infraorder Iguania
Family Iguanidae

Parasauromalus olseni

Family Agamidae

Tinosaurus stenodon

Tinosaurus pristinus

Infraorder Scincomorpha
Superfamily Cordyloidea
Family Xantusiidae

Palaeoxantusia fera

Palaeoxantusia borealis

Infraorder Anguimorpha
Superfamily Anguioidea
Family Xenosauridae
Subfamily Xenosaurinae

Restes rugosus

Family Anguidae
Subfamily Anguinae

Machaerosaurus torrejonensis

Subfamily Anniellinae

Apodosauriscus minutus

Subfamily Glyptosaurinae
Tribe Melanosaurini

Xestops vagans
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Tribe Glyptosaurini

Glyptosaurus sylvestris

Paraglyptosaurus hillsi

Glyptosaurine "indet A"
Subfamily Diploglossinae

Eodiploglossus borealis

Superfamily Varanoidea
Family Varanidae

Saniwa ensidens

Order Amphisbaenia

Amphisbaenia indeterminate

Order Serpentes
Suborder Alethinophidia
Superfamily Anilioidea
Family Aniliidae
Coniophis indeterminate
Superfamily Booidea
Family Boidae
Subfamily Boinae

Boavus occidentalis

Subfamily Erycinae

Calamagras primus

Ogmophis indeterminate
Subfamily Tropidopheinae

Dunnophis microechinis
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SYSTEMATIC PALEONTOLOGY

The following is a description and discussion of the
fossils found within the South Pass thesis area (1994-1998),
the Big Island-Blue Rim area (University of Michigan
expeditions prior to 1994), and the southern Green River
Basin (Bridger Basin collections made by R. M. West prior to
1990 and University of Michigan from 1989 to 1993). All taxa
are described using examples, and genera and species are
given diagnoses from the literature, where noted, and from my
own observations. Described specimens are all catalogued
University of Michigan (UM) specimens. Localities are given
where the information was available. Measurements were made
using dial calipers calibrated to 0.1 mm. The intention is to
give a detailed description of taxa described elsewhere in
less detail, to amend previous diagnoses where necessary, and
to document the changing composition of the vertebrate
community found in the Green River Basin, and specifically
the South Pass area, during the middle Eocene.

The classification of the Caudata follows Estes (1981),
the classification of the Anura follows Sanchiz (1998). The
classification of the Lacertilia follows Estes (1983) and
Sullivan (1986 and 1989). The classification of the Serpentes
follows Rage (1984). The classification of the Lacertilia,
particularly the Glyptosaurini, has undergone extensive

revisions which are shown in Table 5 and Table 6 (page 232
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and page 233). Other sources are referenced in the diagnosis,

description, or discussion of individual taxa.
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Class Amphibia Linnaeus, 1758
Infraclass Lissamphibia sensu Gadow, 1901
Order Caudata Oppel, 1811.

Suborder Cryptobranchoidea Dunn, 1926.

The cryptobranchoids include the small, Asian Hynobiidae
and the large, North American Cryptobranchidae. Both groups
differ from other salamanders in the retention of primitive
states; the angular bone is separate, the nasals are in
contact medially, an egg sac surrounds the ovum, they have
external fertilization, and microchromosomes are present
(Estes 1981). Dunn (1926) identified two shared derived
characters; the first ceratobranchial and first epibranchial
are fused, and the puboischiotibialis and pubotibialis

muscles are fused.

Family Cryptobranchidae Cope, 1889.

This is a group of large salamanders and hellbenders,
differing from the Hynobiidae in their incomplete
metamorphosis. They lack eyelids, have a row of larval teeth
paralleling the maxillary row, and lack a lacrimal and

septomaxilla. There are two genera, Cryptobranchus and

Andrias (Estes 1981).
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Cryptobranchus Leuckart, 1821.

Type species -- Cryptobranchus alleganiensis Daudin,

1802.

Referred species -- Cryptobranchus quildayi Holman,

1977; Cryptobranchus saskatchewanensis Naylor, 1981.

Diagnosis -- This group consists of North American
cryptobranchids differing from Andrias in being much smaller,
in having an open gill slit, an ossified hyoid arch, second
visceral arch and third visceral arch, frontals that form
part of the margin of the naris, the nasals excluded from the
pars facialis, a long narrow prefrontal, a greater separation
between the maxilla and pterygoid, and an angle of 15 to 20
degrees between the neural spine and the centrum (Meszoely,

1966).

Age and Distribution -- Paleocene; Canada, early Eocene;

Wyoming, USA, Pleistocene; Maryland, to Recent; North

America.

Cryptobranchus saskatchewanensis Naylor, 1981.

Figures 12 and 13

Type specimen -- UA 14858
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Type locality -- Late Paleocene, Ravenscrag Formation,

southern Saskatchewan, Canada.

Previously referred specimens -- UA 14852, UA 14853 and

UA 14856 (same specimen), UA 14854, UA 14855, UA 14857,
UA 14859, UA 14860, UA 14861, UA 14862, UA 14863, UA 14864,
UA 14866, UA 14867, UA 14869, UA 14870, UA 14871, UA 14873,
UA 14874, UA 14875, UA 14897, UA 14898, and UA 14914; late
Paleocene, Ravenscrag Formation, southern Saskatchewan,

Canada . UM 71316; early Eocene, Willwood Formation, Wyoming.

Diagnosis -- The dental shelf below the tooth row is

wide, and the dental gutter is shallow. The symphysis is
approximately tripartate, with slight labial wrinkling

(Naylor, 1981). C. saskatchewanensis differs from C.

alleganiensis in having a deeper flange on the dentary

ventral to the dental gutter, and in being of larger size;
from Andrias in having a narrower flange in the dentary
(Estes, 1981), in having a shallow medial groove in the
dentary that leads to, or near, the symphysis, and the height
of the pars dentalis being equal to that of the non-toothed

ramus (Naylor, 1981).

Age and Distribution -- Late Paleocene; Saskatchewan,

Canada, early Eocene; Wyoming, USA.
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Referred specimens -- UM 105219, UM 105220, UM 105221,

UM 105144, UM 105222, UM 105145, UM 105223, UM 105224,
UM 105225, UM 105226, UM 105227, UM 105228, and UM 105229.

These specimens are referred to Cryptobranchus

saskatchewanensis on the basis of the possession of one or

more of the above diagnostic characteristics.

Description --

Left maxilla. UM 105144 (Figure 12). Locality; 1129

This specimen consists of the anterior portion (2.4 mm)
of a left maxilla bearing eight broken teeth. The teeth are
small, closely spaced, slightly anteroposteriorly compressed,
have missing tips, and pits at the center of their bases.

In lingual view, the pars palatina is at right angles to
the pars dentalis, and is missing dorsally. The dental gutter
is wide and shallow. Dorsal to the pars palatina, the pars
facialis is vertical. A small longitudinal groove lies along
the lingual side of the pars palatina. In labial view the
external surface of the pars palatina is slightly pitted and
bears two oval foramina. The anterior-most foramen lies mid-
way down the external surface, the posterior one is dorsal to
this. The anterior edge of the maxilla is irregular where the
suture with the premaxilla occurs. In anterior view, this

suture surface is pitted and grooved.
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Figure 12. Cryptobranchus saskatchewanensis. UM 105144. Left

maxilla, lingual and labial views. Scale bar is 2mm.
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Left dentary. UM 105145 (Figure 13). Locality; 2239

This specimen is a portion (3.7 mm) of an anterior
dentary with the symphysis missing. There are seven teeth,
all of which are small, closely spaced, anteroposteriorly
compressed, and broken below the crown. In lingual view, the
subdental shelf is wide and deep, and tapers anteriorly. The
dental gutter is wide and deep. A ventral flange lies ventral
to the shallow, open Meckelian groove. In labial view, the
external surface is slightly pitted. Mid-way down this

surface is an area of small, oval foramina.

Discussion -- The type represents the earliest known

cryptobranchid (Naylor, 1981). The specimens referred here to

C. saskatchewanensis all have a combination of the following

characters; many numerous teeth with anteroposteriorly
compressed bases, teeth positioned so that their lingual
edges lie posterior to their labial edges, a dentary with a
distinct, wide, shallow gutter which bears irregqgularly spaced
foramina, a deep pars dentalis, foramina in the external
surface of the pars facialis, the pars palatina is at right
angles to the pars dentalis, and the premaxilla-maxilla
articulation is irreqgularly ridged, grooved, and pitted
(Naylor, 1981). While none of these characteristics are
considered diagnostic, specimens referred here closely

resemble the specimens described by Naylor (1981).
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Figure 13. Cryptobranchus saskatchewanensis. Left dentary,

lingual and labial views. Scale bar is 2 mm. UM 105145.
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Suborder Proteoidea (Noble, 1931) emended Edwards, 1976.

This group includes the Proteida (Noble, 1931) and the
Batrachosauroididae (Estes, 1969; Edwards, 1976). Estes
(1981) included both groups on the basis of two characters.
The first is the common presence of a columellar process of
the squamosal, but Hecht and Edwards (1976) noted the

presence of a columellar process in Ambystoma mexicanum, thus

bringing this character into doubt. The second is heterotopic
ossifications in the ligamentum squamoso-columellare, a
shared derived character (Estes, 1975; Hecht and Edwards,

1976).

Family Proteidae Hogg, 1838.

This is a group of elongate, paedomorphic,
perennibranchiate salamanders with the following shared
derived characters; the parasphenoid nearly reaches the
occipital condyle, the presence of two gill slits, the
absence of ypsiloid cartilage, and a chromosome number, n=19
(Edwards, 1976). They are found in the late Paleocene to
Holocene of North America, the middle Miocene to Holocene of

Europe, and the Miocene of Kazakhstan (Estes, 1981).
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Necturus Rafinesque, 1818.

Type species -- Necturus maculosus Rafinesque, 1818.

Referred species -- Necturus sp. Holman, 1962; Necturus

krausei Naylor, 1978.

Diagnosis -- This is a group of salamanders with four
toes on each foot, moderate elongation, 17 to 19 presacrals,
and no maxilla. The posterior processes of the frontals are
widely separated on the midline, the opisthotic is separate,
and the neural spines unicipital. They have bicipital,

divergent rib-bearers and functional eyes (Estes 1981).

Age and Distribution -- Paleocene; Canada, Pleistocene;

Florida, to Recent; North America.

Necturus krausei Naylor, 1978.

Figure 14

Type specimen -- UA 14310

Type locality -- Late Paleocene, Estevan Coalfield,

Upper Ravenscrag Formation, southern Saskatchewan, Canada.

Previously referred specimens -- UA 14311, UA 14312,

UA 14313, UA 14314, and UA 14315; late Paleocene, Estevan
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Coalfield, Upper Ravenscrag Formation, southern Saskatchewan,

Canada.

Diagnosis -- N. krausei differs from the other species
of Necturus in having more elongate neural spines, well-
developed hollow dorsal rib-bearers, more anteroposteriorly-
elongate posterior zygapophyses (Estes, 1981), and more

elongate hyperpophyses (Naylor, 1978).

Age and Distribution -- Late Paleocene; Saskatchewan,

Canada, Pleistocene; Florida, USA, Holocene; Eastern USA.

Referred specimens -- UM 105230, UM 105231, UM 105232,

UM 105233, UM 105234, UM 105235, UM 105236, and UM 105146.

These specimens are referred to Necturus krausei on the

basis of the possession of one or more of the above

diagnostic characteristics.

Description --

Vertebra. UM 105146 (Fig. 14). Locality; 1129

This specimen is an almost complete trunk vertebra. Its
dimensions are; length between the pre- and postzygapophyses:

4.5 mm, width of the anterior cotyle: 1.5 mm, height of the

anterior cotyle: 1.1 mm. In anterior view, the cotyle is
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Figure 14. Necturus krausei. UM 105146. Trunk vertebra,
anterior, posterior, lateral, dorsal, and ventral views.

Scale bar is 4 mm.
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dorsoventrally compressed with a slightly flattened dorsal
edge. The one remaining prezygapophysis emerges from the
lateral edge of the cotyle and projects dorsolaterally. Its
articulation surface points laterally and slightly dorsally.
In posterior view, the cotyle is also oval with a flattened
dorsal edge. The neural canal is tripartate and high. The
postzygapophysial articulation points slightly dorsally.

In ventral view, the centrum bears a blunt hemal keel
and wide, flat ventral laminae which are broken before the
point where the rib-bearers would have diverged. They are
pierced by two large, subcentral foramina. The cotyles are
slightly laterally expanded with respect to the width of the
centrum. In dorsal view, the prezygapophyses would have been
more divergent than the postzygapophyses. The lateral edges
of the neural arch are concave. The neural spine is distinct
and sharp. The prezygapophysial facet is oval, and projects
anterolaterally at an angle of 30 degrees from the neural
spine. In lateral view, the anterior cotyle points
anteroventrally, the posterior cotyle, posteroventrally. The
neural arch is low. The neural spine is low and increases in

height posteriorly. The rib-bearers are missing.

Discussion -- The type and previously referred specimens
represent the earliest record of the Proteidae (Naylor,
1978). The vertebrae referred here have a combination of the

diagnostic characters, and characters given in the

description of N. krausei by Naylor (1978); a low neural
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spine increasing in height posteriorly, well developed
ventral laminae, and dorsally flattened cotyles; and Estes
(1981); delicate, elongate, and amphicoelous vertebrae,
subcircular cotyles, the presence of basapophyses, and

-,

bicipital rib-bearers.

Suborder Ambystomatoidea Noble, 1931.

This group includes the Dicamptodontidae, Amystomatidae,
and Scapherpetontidae, all of which have caudosacral and
caudal vertebrae with intervertebral exits for the spinal
nerves. They have a fused angular and prearticular, elongated
premaxillary spines, and anterior basapophyseal trunk

musculature (Estes, 1981).

Family Scapherpetontidae Auffenberg and Goin, 1959.

This is a group of large, extinct salamanders. They have
long and slender neural spines, a subcentral keel, nasals, a
blunt dorsal process on the premaxilla, a reduced pars
facialis on the maxilla, and a separate prearticular and
articular. The vomer has an anterior row of teeth parallel
with the maxillary and premaxillary teeth (Estes, 1981).
Edwards (1976) placed this group within the Dicamptodontidae
on the basis of the presence of spinal nerve foramina in the

Caudal vertebrae and their absence in the precaudal series.
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Here, they are retained in their own family on the basis of

the shared derived characters given by Estes (1981).

Scapherpeton Cope, 1876

Type species -- Scapherpeton tectum Cope, 1876

Referred species -- None.

Diagnosis -- This group has amphicoelous vertebrae which
lack basapophyses. The skull is paedomorphic, but the maxilla
is present (Estes, 1981). They have non-pedicellate teeth

(Estes, 1976).

Age and Distribution -- Upper Cretaceous (Campanian) to

Paleocene (Tiffanian) USA and Canada.

Scapherpeton tectum Cope, 1876

Figure 15

(Synonyms -- Scapherpeton laticolle, Scapherpeton excisum,

Scapherpeton favosum, Hemitrypus jordanianus, Hedronchus

sternbergi Cope, 1876)

Type specimen -- AMNH 5682
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Type locality -- Upper Cretaceous, Judith River

Formation, Montana, USA.

Previously referred specimens -- PU 20583 and PU 19500;

late Paleocene, Fort Union Formation, Shaff Quarry, Park
County, Wyoming, USA, MCZ 3673; late Cretaceous, Hell Creek

Formation, McCone County, Montana, USA.

Diagnosis -- S. tectum differs from Lisserpeton in

having cotylar ossification, in having less rounded cotyles,

more robust ossification, small fossae on either side of the

subcentral keel, a poorly-developed zygapophysial ridge, more
numerous, smaller teeth, and a parietal lacking a deep, well-
defined fossa for muscle attachment (Estes, 1965). The

atlantes of L. bairdi and Scapherpeton are very similar, but

a combination of the shorter centrum, lack of a deeply
conical posterior cotyle, and the relatively short and
pointed intercotylar process which is constricted at the base

in S. tectum separate them, although over<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>