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ABSTRACT

Grand Staircase-Escalante National Monument con-
tains abundant fossil material in most formations within
its borders. These formations range in age from Permian
to Cretaceous. More than 800 individual fossil localities
are known so far, and almost all areas of the monument
that were examined contain at least some fossil material.
Important new findings of this survey include: several par-
tial dinosaur skeletons in the Kaiparowits Formation; a
ceratopsian skull in the Wahweap Formation; the previ-
ously unreported presence of many ammonoid and
bivalve genera in the monument in the Dakota, Tropic, and
Straight Cliffs Formations; the first fossils of any kind from
the Entrada Sandstone within the monument, including a
dinosaur tracksite containing more than 250 tracks of at
least 30 individuals; previously unrecognized sites and
abundances of vertebrate ichnogenera in the Navajo,
Kayenta, Moenave, and Chinle Formations; the first ichno-
fossil material from the Wingate Sandstone in the monu-
ment; and a previously unreported sponge genus from the
Kaibab Limestone. The Cretaceous rocks exposed within
the monument contain one of the best and most continu-
ous records of Late Cretaceous terrestrial life in the world
(Kirkland and others, 1998; Eaton and others, 1999).

Research on these strata is still in its earliest stages.

INTRODUCTION AND DATA SOURCES

The Grand Staircase-Escalante National Monument
was created on September 18, 1996 by Presidential Procla-
mation No. 6920. The U.S. Bureau of Land Management
(BLM) was retained as manager of lands within the new
monument and given three years to prepare a manage-
ment plan. One of the many resources described in the
proclamation is paleontology. Paleontological information
on the monument was scattered through numerous publi-
cations and reports with no one source of information
available to monument managers or planners. The Utah
Geological Survey (UGS) began work on a preliminary
report of paleontological resources within the monument

shortly after it was established. This resulted in publica-
tion of UGS Circular 96, “A Preliminary Inventory of Pale-
ontological Resources Within the Grand Staircase-
Escalante National Monument,” by David D. Gillette and
Martha C. Hayden, in 1997; this report contains a bibliog-
raphy of most known references to paleontology in the
monument, and the reader is referred to this publication
for that information.

In late summer of 1997, the BLM entered into a coop-
erative agreement with the UGS. This agreement provided
funding for a project that would provide land managers
with a comprehensive overview of the paleontological
resources in the monument (this report). The bulk of
known information concerning the fossil resources of the
monument is contained in two databases at the UGS, one
containing comprehensive information on paleontological
sites in Utah, and the other consisting of a bibliography of
Utah paleontology that contains site information. These
two databases were used to assemble locality data on the
monument. Additional information was solicited from
paleontologists who are currently conducting, or have
recently conducted, field investigations in the area.

The UGS locality database is organized by county, and
the record of fossil sites in Kane and Garfield Counties, the
two counties containing the monument, was relatively
extensive. However, the accuracy of these locality records
varied from general statements of the occurrence of a fossil
in southern Utah, or Kane County (for example), to precise
information with detailed map coordinates and photo-
graphs. Most sites were not precisely recorded, however.
The UGS paleontology section improved and expanded
the database by field verification and accurate plotting of
previously reported and new sites in fossiliferous forma-
tions with Global Positioning System (GPS) technology.

GEOGRAPHY

The Grand Staircase-Escalante National Monument
covers more than 1.9 million acres in southern Utah (figure
1). The region consists of relatively flat-lying strata locally



warped along north-south-oriented folds that together
form the three broad landscapes of the Grand Staircase,
Kaiparowits Plateau, and Escalante Canyons. Many of
these folds are asymmetrical anticlines with a steeply dip-
ping (monocline) limb and gently dipping (homocline)
limb. Extension of the Basin and Range to the west caused
vertical offset along the Paunsaugunt and Sevier faults
(Doelling, 1975), although significant development along
these structures has been documented in the Cretaceous
(Peterson, 1969; Eaton and Nations 1991; Eaton and others,
1993). The eastern and western geologic boundaries of the
monument are defined by the Waterpocket Fold (the mon-
oclinal east limb of the Circle Cliffs anticline) and the
Paunsaugunt fault, respectively. Strata along the Paun-
saugunt fault are offset by as much as 242 meters (800 ft),
down to the west.

The generally northward-tilted strata of the monument
are structurally partitioned by the East Kaibab monocline
(The Cockscomb), where strata dip up to 80 degrees. The
Grand Staircase portion of the monument lies west of The
Cockscomb. Between The Cockscomb and the Straight
Cliffs lies the Kaiparowits Plateau, a wedge-shaped topo-
graphic highland which is also a geological basin com-
prised of Cretaceous rocks (Peterson, 1969; Eaton, 1991).
Within the Kaiparowits Plateau, numerous gentle, north-
ward-trending folds are also present (Smoky Mountain,
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Upper Valley, Reese Canyon, and Escalante anticlines) that
were active during the Cretaceous (Peterson, 1969). North-
east of the Straight Cliffs and extending to the Waterpocket
Fold lie the Escalante Canyons, a landscape typified by
“slickrock” benches and many deeply dissected canyons.

GEOLOGIC HISTORY

The Colorado Plateau has a geologic history reaching
back over a billion years. Approximately 270 million years
of this history is revealed in the rocks, paleontology, and
scenery of the monument (Baars, 1972; Hintze, 1988) (fig-
ure 2). The oldest rocks record a time when the equator
angled northeast from what is now southern California
past the southeastern corner of Utah. The area of the mon-
ument was a marginal marine lowland of streams, flood-
plains, and tidal flats. The sea lay to the west, but occa-
sionally spread east across the area, leaving beds of lime-
stone with diverse shells, sponges, and other fossils
between red beds of coastal sandstone and mudstone. The
Hermit Shale, Toroweap Formation, Kaibab Limestone,
and Moenkopi Formation (Baars, 1972; Blakey and others,
1993; Blakey, 1996), which crop out in the Circle Cliffs and
at Buckskin Mountain, record these events covering the
first 45 million years of geologic history in the monument
(middle Permian through Early Triassic time, 280-235 Ma).

National Monument, Utah

Formation name - environment of deposition
Quaternary

Surficial deposits - river, stream, sand dune, landslide
Basalt flow - volcanic
Cretaceous ——" Fault
Kaiparowits Formation - river, floodplain, lake ~— Contact
Wahweap Sandstone - river, floodplain, lake
Straight Cliffs Fm - river,
Sfloodplain, swamp, beach Bryce
Tropic Shale - marine Tropic
Dakota Sandstone - river, Canyon \s\%’ N

swamp, delta, beach
Jurassic O
Morrison, Henrieville,
Romana Mesa, Summerville Q\
Fms - river, lake, sand dune
Entrada and Carmel Fms -
marine, tidal flat, beach
Navajo, Kayenta, Moenave,
Wingate Fms - sand dune,
river, playa, tidal flat
Triassic
Chinle and
Moenkopi
Fms - lake,
river, tidal
flat, marine
Permian
F.775] Kaibab and
Toroweap Fms -
marine, sabkha

I 00 @ 0 QUl ol

Geologic Map of Grand Stair case-Escalante
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Recreation

Location

ARIZONA

Figure 1. Generalized geologic map of the Grand Staircase-Escalante National Monument.
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Figure 2. Generalized stratigraphic column, showing formations and typical fossils found in the
Grand Staircase-Escalante National Monument.




Rocks that record the transition between the Permian and
Triassic are absent due to several million years of erosion
and/or nondeposition between the Kaibab and Moenkopi.
Likewise, a portion of the Middle Triassic is not represent-
ed above the Moenkopi Formation. Reptile and horseshoe
crab tracks are found in terrestrial beds of the Moenkopi
Formation.

The Circle Cliffs (figure 1) reveal remarkable speci-
mens of petrified wood, including logs exceeding 27
meters (90 ft) in length. These logs represent conifer trees
stranded on Late Triassic river floodplains. Cellular tis-
sues have been replaced by silica derived from altered vol-
canic ash found in the Chinle Formation (Dubiel, 1994).
Fossils of other plants, fish, amphibians and reptiles, tracks
of early dinosaurs, and freshwater clam and gastropod
shells also give hints of the 20-million-year Late Triassic
interval of monument history (230-210 Ma). Beds of the
Moenkopi and the ledge formed by the Shinarump Mem-
ber of the Chinle form the Chocolate Cliffs of the Grand
Staircase in the southwestern part of the monument. The
Petrified Forest Member of the Chinle Formation forms the
colorful multi-hued slopes above the Chocolate Cliffs.

During the latest Triassic and extending into Early
Jurassic time (210-187 Ma), this region was covered by
great sand dunes. The depositional environment changed
from windblown sand dunes to stream-deposited sand
beds and back to sand dunes (Lutrell, 1993; Peterson,
1994). Early Jurassic rocks in the monument form the Ver-
milion Cliffs (Wingate/Moenave and Kayenta Formations)
and White Cliffs (Navajo Sandstone) of the Grand Stair-
case (figure 1) and are responsible for most of the scenery
in the Escalante Canyons area. Though generally devoid
of fossils, these rocks occasionally exhibit the fossilized
tracks of reptiles, including small to medium-sized
dinosaurs.

Locally underlain by the Page Sandstone, the Middle
Jurassic (185-165 Ma) is represented by the Carmel Forma-
tion throughout the monument. It is composed of color-
banded layers of sandstone, limestone, calcareous shale,
siltstone, gypsum, and mudstone deposited in and near
the southern edge of a shallow sea that advanced into the
area from the north. Limestones contain some marine fos-
sils of molluscs, brachiopods, crinoids, coral, and algae.
Desert sand dunes of the Entrada Sandstone formed on
top of the Carmel Formation as the sea retreated to the
north (Lutrell, 1993; Peterson, 1994). Another period of
erosion occurred before the Late Jurassic (157-148 Ma)
Morrison Formation (famous for its dinosaur fossils) was
deposited by lakes and east-flowing streams (Peterson,
1994). The Morrison is found on the east side of the mon-
ument at the foot of the Straight Cliffs and southeast of the
Kaiparowits Plateau (figure 1). It is absent from the west
side of the monument where it was removed by erosion
prior to Late Cretaceous time. Early Cretaceous erosion
and nondeposition represent a period of 50 million years.

During Late Cretaceous time, compressive forces
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formed mountains to the west and provided sediments for
streams flowing northeast into a great continental sea.
Even farther west explosive volcanic centers rained ash
over much of North America. The continental sea covered
most of the interior of North America from the Arctic to
the Gulf of Mexico, splitting North America in half. Subsi-
dence along the western mountain front led to the accu-
mulation of a thick sediment wedge that thinned to the
east across southern Utah. The shoreline fluctuated from
east to west creating a series of alternating terrestrial and
marine deposits covering more than 20 million years of
time over the last half of the Cretaceous Period (95-75 Ma)
(Elder and Kirkland, 1993, 1994). The Dakota Formation
was deposited on remnants of either Morrison (east) or
Entrada (west) and is a mix of stream sediments and
nearshore marine deposits. The Dakota was covered by
open marine muds of the Tropic Shale. Deposition contin-
ued, with the sea retreating to the east, resulting in the
stacked coastal deposits of the Straight Cliffs Formation,
and the progressively more inland deposits of the Wah-
weap Formation, with the Kaiparowits Formation marking
the final phase of marine influence in the region. These
formations are seen on and around the Kaiparowits
Plateau and form the Gray Cliffs of the Grand Staircase.

The thickness, continuity, and broad temporal distribu-
tion of the Kaiparowits Plateau’s stratigraphy provide
unrivaled opportunities to study the paleontology of the
Late Cretaceous Period. Significant fossils, including
marine and brackish-water molluscs, turtles, crocodilians,
lizards, dinosaurs, fish, and mammals have been docu-
mented in the Dakota Formation, Tropic Shale, and Wah-
weap Formation, and from the Tibbet Canyon, Smoky Hol-
low, and John Henry members of the Straight Cliffs For-
mation in recent years. Within the monument, these for-
mations have produced the only evidence in our hemi-
sphere of a terrestrial vertebrate fauna, including mam-
mals and dinosaurs, from the 20 million years spanning
the Cenomanian through Santonian ages. This sequence of
rocks, including the overlying Wahweap and Kaiparowits
Formations, contains one of the best and most continuous
records of Late Cretaceous terrestrial life in the world
(Kirkland and others, 1998; Eaton and others, 1999).
Research on these strata is still in its earliest stages.

Following a period of deformation and erosion, the
Canaan Peak Formation was deposited, and it straddles
the boundary between Cretaceous and Tertiary time (about
65 Ma) (Schmitt and others, 1991). The dinosaurs became
extinct at this time and radical changes began to occur in
the geology of the monument region. In the early Tertiary
several large lakes occupied an area from southwestern
Wyoming to southwestern Utah. The Claron Formation,
seen as the Pink Cliffs at Powell Point and Bryce Canyon,
was deposited at this time. The Tertiary Period lasted
about 64 million years, during which time Utah experi-
enced uplifts, folding, faulting, and volcanism. Only the
first 20 million years of the Tertiary is recorded in the
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region, but it was a critical interval in the development of
the mammal-dominated ecosystem existing today. Uplift
of the Colorado Plateau and Utah in general over the past
15 million years activated the erosional cycle that uncov-
ered geologic formations dating back 270 million years
and created the topography and scenery we now see in the
monument. Twenty sedimentary geological formations are
exposed in the monument, and fossils are known from all
but three of these formations. Quaternary sediments
(younger than 1.6 million years) also occur in the monu-
ment and have a potential for producing Pleistocene fos-
sils.

METHODS

We inventoried areas that seemed to have a reasonable
combination of exposure, fossil-producing lithology, and
accessibility. We prospected as many formations and geo-
graphic areas as possible within the time and access con-
straints. Known paleontological sites were identified and
located on topographic maps. Geological formations
known or predicted to contain important paleontological
resources were only spot surveyed for new fossil localities,
because a comprehensive survey of the monument would
take many years and was beyond the scope of this project.
Identified sites were logged in Universal Transverse Mer-
cator (UTM) grid system coordinates using GPS units and
most fossil identifications were made in the field. We col-
lected some of the more important specimens for more
precise identification. These specimens will be or have
been cataloged in the Utah Museum of Natural History in
Salt Lake City. Locality information was transferred to a
Geographic Information System (GIS) database for plot-
ting.

Each locality was given a Sensitivity Level rating to
characterize the significance of its fossil resources. The rat-
ings are based on BLM guidelines and include five classes:

Class | (Critical) --Any locality producing type, very
rare, or reference fossil material.

Class Il (Significant) --Any locality producing rare or
unusually well-preserved material.

Class Il (Important) --Any locality producing common
but abundant fossil material.

Class IV (Insignificant) --Any locality producing poor-
ly preserved or less abundant but common
material.

Class V (Unimportant) --Any locality producing very
poorly preserved and/or less abundant
material.

We investigated more than 800 fossil localities in 17
geological formations within the monument (table 1).
Most of the localities are in the Upper Cretaceous units,
which are generally more fossiliferous and thus more
heavily prospected than the older units. Still, almost all
formations have some fossil material in them and very few
areas were found to be entirely barren. Interestingly, some

of the more fossiliferous formations, such as the Kaiparow-
its and Wahweap Formations, and formations that are gen-
erally fossiliferous in areas outside of the monument, such
as the Morrison Formation, produced largely fragmentary
and unidentifiable material. Clearly, excavations are
required to produce well-preserved identifiable specimens.

Table 1. Number of currently known fossil localities in each formation
within Grand Staircase-Escalante National Monument.

Claron Formation 1*
Kaiparowits Formation 164
Wahweap Formation 73
Straight Cliffs Formation 166
Tropic Shale 191
Dakota Formation 124
Morrison Formation 16
Entrada Sandstone 5
Carmel Formation 14
Page Sandstone 1
Navajo Sandstone

Kayenta Formation 11
Moenave Formation 10
Wingate Sandstone 1
Chinle Formation 44
Moenkopi Formation 25
Kaibab Limestone 13

* Float material derived from outcrops just outside monument.

A number of the fossils identified from different for-
mations represented the first reported occurrence of that
taxon within the monument boundaries. These newly
identified taxa are listed in table 2. A complete listing of
sites known through 1999 can be found in the appendix,

Figure 3. The type section of the Permian Kaibab Formation,
Fossil Mountain Member through the lowest part of the Tim-
poweap Member, Kaibab (Buckskin) Gulch, Kane County, Utah.
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Table 2. List of taxa found within the Grand Staircase-Escalante National Monument during this paleontological survey that were previously
unknown from the monument. Includes taxa that represent more specific identifications than in previous reports.

Kaibab Limestone
Sponge
Actinoceolia

Moenkopi Formation
Ammonoids

Pseudosageoceras multilobatum

Submeekoceras
Nautiloids

Genus indeterminate
Reptiles

Tracks

?Akropus

Chinle Formation
Plants
Sphenopsida
Neocalamites?
Araucarian stem and branch impressions and casts
Reptiles
Tracks
Pseudotetrasauropus
Rhynchosauroides
?Gwyneddichnium
Large reptile track

Wingate Sandstone
Reptiles
Theropod dinosaur trackway

Moenave Formation
Reptiles
Tracks
Grallator
?Anomoepus
Reptile trackway (Batrachopus)

Kayenta Formation

Reptiles
Tracks
Grallator
Eubrontes
Kayentapus
?Anomoepus

Navajo Sandstone
Reptiles

Tracks
Brasilichnium
Eubrontes
?Grallator
Carmel Formation
Bivalves
Pronoella
Gastropods
Cossmannea
Entrada Sandstone
Reptiles
Tracks
Theropoda
?Megalosauripus
?Therangospodus

Morrison Formation
Invertebrate traces
Possible termite nest structures
Other vertical burrows
Reptiles
Goniopholid crocodilian teeth
Tracks
Sauropoda

Dakota Formation
Plants

Angiosperm leaves
Ammonoids

Calycoceras

Tropic Shale
Ammonoids
Euomphaloceras costatum

Straight Cliffs Formation
Reptiles
Dinosaur tracks

Wahweap Formation
Reptiles
Ceratopsian dinosaur skull

Kaiparowits Formation
Arthropods
Crayfish burrows?

which is a listing of all paleontological localities recorded
in the Utah Geological Survey database.

Kaibab Limestone

The Permian Kaibab Limestone consists of tan, white,
and gray limestone, dolomite, and sandstone with some
nodular chert. It is exposed mainly in the area south of the
Vermilion Cliffs, and in the center of the Circle Cliffs uplift.
Although originally described from the Kaibab Plateau on
the north side of the Grand Canyon, a type section was
designated in Kaibab (Buckskin) Gulch (Noble, 1928) on
the south side of the Grand Staircase (figure 3). As the
type section, the fossil record at this site is of particular
significance in regional geological studies. The Kaibab
Limestone is 0 to 150 meters (0-495 ft) thick (Doelling and
Davis, 1989) and, generally, the thickness increases to the
west. The formation represents a calm, shallow marine

FOSSIL-PRODUCING GEOLOGICAL
FORMATIONS

This section provides some background information
on formations in which fossil localities were recorded dur-
ing this survey, including the inferred paleoenvironments
and approximate ages of the units. Short summaries of the
findings in each formation during this survey are also
included.
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Figure 4. Exposures of the Triassic and Lower Jurassic section
(Moenkopi, Chinle, and Wingate Formations), view looking
northeast from the Paria movie set road, Kane County, Utah.

paleoenvironment (Girdley, 1974) and, in southern Utah,
contains fossils of a wide variety of marine taxa, including
corals, crinoids, sponges, bryozoans, brachiopods,
bivalves, gastropods, ammonoids, nautiloids, conodonts,
and at least six species of trilobites (McKee, 1938; Cisne,
1971; Gillette and Hayden, 1997).

The Kaibab contains abundant, sometimes well-pre-
served fossils within the monument, but the material is
restricted to certain beds and thus does not occur at every
exposure. The best sites are on the flanks of Fivemile
Mountain.

Moenkopi Formation

The Lower Triassic Moenkopi Formation consists
mostly of red to reddish-brown siltstone and sandstone
with some claystone. The sandstones are thin bedded and
have abundant, well-preserved ripple-marked surfaces.
The Moenkopi is exposed mainly south of the Vermilion
Cliffs, west of the Cockscomb (figure 4), and in much of
the central Circle Cliffs uplift. It thickens from about 45 to
360 meters (148-1,188 ft) from east to west, and represents
deposition in shallow marine, intertidal, and supratidal

paleoenvironments (Blakey and others, 1993; Dubiel, 1994).

The Moenkopi contains a mixture of marine and terrestrial
fossil taxa, including plants, crinoids, brachiopods, gas-
tropods, bivalves, ammonoids, nautiloids, arthropods, fish,
reptiles, labyrinthodont amphibians, and reptile tracks
(Gillette and Hayden, 1997).

Compared with the amount of exposure of the
Moenkopi within the monument, few sites were found in
this formation, but several sites produced significant mate-
rial. Among these sites are one with ammonite material
and another that produced particularly abundant horse-
shoe crab tracks (figure 5) (Hamblin and Foster, 2000).

Chinle Formation

In the monument area, the Upper Triassic Chinle For-

Figure 5. Two slabs containing limulid tracks from the lower
Moenkopi Formation, Canyon View locality (Ga464T).
Scale bars = 10 cm.

."n!l'urulln'_u Formation »

Figure 6. Exposures of the Triassic and Lower Jurassic section -
Chinle and Moenave Formations, Park Wash, Utah.

mation consists of two to four members: the Shinarump
Member and Petrified Forest Member are present through-
out; the Monitor Butte and Owl Rock Members are present
mainly in the Circle Cliffs area (figure 6) (Stewart and oth-
ers, 1972). Where all four members are present, the
sequence, from oldest to youngest, is: Shinarump, Moni-
tor Butte, Petrified Forest, and Owl Rock. The Shinarump
Member is mainly tan and yellow-white, fine- to medium-
grained sandstone and conglomeratic sandstone up to 30
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Figure 7. Three tracks assigned to ?Gwyneddichnium (left)
and two assigned to Rhynchosauroides (right), all from
Brinkerhof Spring locality (Ga324T), Chinle Formation,
Garfield County, Utah. Scale bar =5 cm.

meters (99 ft) thick. The Monitor Butte and Petrified For-
est members are difficult to distinguish in some areas and
consist of gray, gray-green, and maroon bentonitic clay-
stones, and gray, soft-weathering sandstones; the Petrified
Forest Member is often exposed in badlands areas and can
be up to 180 meters (594 ft) thick. The Owl Rock Member
consists of gray-green and red, non-bentonitic claystones
and thin-bedded, gray and gray-green siltstones, sand-
stones, and limestones. The thickness of the Owl Rock is
about 30 meters (99 ft). The total thickness of the Chinle
Formation ranges from 120 to 300 meters (396-990 ft)
(Doelling and Davis, 1989). Exposures of the Chinle can
be found along the bases of the Vermilion and Circle Cliffs.
The sediments of the Chinle represent river channels,
floodplain soils and mudflats, and lakes (Stewart and oth-
ers, 1972; Dubiel, 1994). The formation contains numerous
terrestrial and freshwater fossils, including conifers, ferns,
cycads, bivalves, fish, labyrinthodont amphibians, croco-
dile-like phytosaurs, North America’s oldest dinosaurs,
and many other distinctive extinct reptile groups.

The Chinle Formation in the monument did not pro-
duce a great amount of vertebrate or invertebrate material,
though we located some beds with abundant freshwater
clams. The most abundant fossil material in the Chinle is
petrified wood. Some of the more significant finds made
during this survey were vertebrate track localities that pro-
duced the first occurrences of several track types within
the monument (Hamblin and Foster, 2000), and phytosaur
and metoposaur remains found at the King Mine in the
Vermilion Cliffs area (figures 7, 8a, and 8b).

Wingate Sandstone

The Lower Jurassic Wingate Sandstone consists of tan
to golden-tan and reddish, cliff-forming sandstone up to
about 210 meters (693 ft) thick (Harshbarger and others,
1957). The sandstone is very fine to fine grained and con-
tains large-scale, eolian cross-beds. The Wingate is
exposed mainly in the eastern part of the monument and
is the main component of the Circle Cliffs. The forma-
tion’s sediments were deposited in a sand dune paleoenvi-
ronment along the eastern margin of an inland sea (Clem-
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Figure 8a. Track assigned to Pseudotetrasauropus from the

Chinle Formation at the Long Canyon Pass locality (Ga475PT),
Garfield County, Utah.

Figure 8b. Cast of araucarian conifer branch from the Long
Canyon Pass locality (Ga475PT), Chinle Formation.

mensen and others, 1989), and few fossils, other than local-
ly abundant footprints of dinosaurs and other animals, are
known from this unit.

The Wingate Sandstone is difficult to prospect due to
the vertical nature of its main exposure around the Circle
Cliffs, but while working in the Chinle we often checked
sandstone blocks (talus) of Wingate that were on the same
slope. Only one site was found, but it contained a multi-
step trackway of a small theropod dinosaur, the first
known fossil material from the Wingate in the monument
(Hamblin, 1998) (Hamblin and Foster, 2000).
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Moenave Formation

The Lower Jurassic Moenave Formation, named by
Harshbarger and others (1957), consists of orange-red and
tan sandstone, red claystone, and some gray, pebbly con-
glomerate. The sandstone beds can be thin and interbed-
ded with the claystones, but commonly are thick-bedded
and can form ledges up to several meters thick. The for-
mation is typically about 130 meters (429 ft) thick
(Doelling and Davis, 1989). The Moenave occurs mainly in
the western part of the monument, particularly along the
Vermilion Cliffs, and it interfingers with the Wingate
Sandstone to the east, which, like the Moenave, overlies
the Chinle Formation (Lutrell, 1993). Thus, the Moenave
represents braided streams, floodplains, lakes, sabkhas,
and small dunes along the western margin of the large
dune field represented by the Wingate Sandstone (Clem-
mensen and others, 1989). The Moenave contains fossils,
including petrified wood, palynomorphs, fish, rare
dinosaurs, the primitive crocodilian Protosuchus, and
dinosaur and reptile tracks (Wilson, 1958; Spendlove, 1968;
Lockley and Hunt, 1995; Gillette and Hayden, 1997).

Not much skeletal fossil material was found during
our survey of the Moenave, but the lower part of this for-
mation along the Vermilion Cliffs is potentially quite pro-
ductive for vertebrate tracks and fish remains. We identi-
fied at least five sites having dinosaur tracks along these
cliffs, and probably most exposures in that area would
yield tracks if prospected.

Kayenta Formation

The Lower Jurassic Kayenta Formation, within the
monument, consists of mostly reddish-brown sandstone
and minor red claystone, though in parts of northeastern
Arizona and westernmost Utah a silty and clayey facies
persists (Harshbarger and others, 1957). The formation is
exposed along the Vermilion Cliffs, above the Moenave
Formation, and in the Escalante Canyons area, where it
lies between the Wingate Sandstone and the Navajo Sand-
stone. In Garfield County, the Kayenta ranges from 45 to
105 meters (148-346 ft) in thickness (Doelling, 1975). The
paleoenvironment of the formation is mostly sandy fluvial
(Luttrell, 1986, 1993), and the unique fossils known from
the unit regionally include petrified wood; bivalves; gas-
tropods; three types of mammals; North America’s oldest
turtle; legless amphibians; a frog; a sphenodontid; a
pterosaur; several crocodilians; three types of tritylodontid
“reptiles;” the dinosaurs Massospondylus, Scutellosaurus,
Dilophosaurus, and Syntarsus; and dinosaur and reptile
tracks (Stokes and Bruhn, 1960; Clemens, 1986; Gaffney,
1986; Sues, 1986; Weishampel, 1990).

The Kayenta is another formation that does not seem
to contain much fossil material within the monument.
Most of the taxa known from the formation regionally
come from a restricted, silty facies that apparently does not

Figure 9b. Rock art panel near the Flag Point dinosaur track-
way (Ka002T), depicting dinosaur tracks.

occur in south-central Utah, but the potential is high for
good vertebrate material in the flat pebble conglomerate
facies within the monument. Vertebrate bone fragments
recovered during this survey were undiagnostic, but the
Kayenta does have a number of vertebrate tracksites (fig-
ures 9a-b) and has the potential for many more. The for-
mation also has several large petrified logs preserved in
the monument near the White Cliffs.

Navajo Sandstone

The Lower Jurassic Navajo Sandstone consists of white
to gray, very fine- to fine-grained, cross-bedded sandstone
(figure 10), with a few 1- to 2-meter-thick (3.3-6.6 ft) units
of thin-bedded, gray limestone (figure 11). The sandstone
cross-bed sets can be up to 15 meters (50 ft) thick (Peterson
and Pipiringos, 1979) and the formation as a whole ranges
from 120 to 420 meters (396-1,386 ft) thick, although in
Zion Canyon it is up to 670 meters (2,211 ft) thick
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Figure 10. Navajo Sandstone exposures near the White Cliffs,
Kane County, Utah.
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Figure 11. Theropod dinosaur track (Eubrontes) from lime-

stone bed at the West Swag site (Ka570T), Navajo Sandstone,
Kane County, Utah.

(Doelling, 1975). The Navajo usually weathers into high
cliffs and steep, narrow canyons and thus is best exposed
along the White Cliffs and in the Escalante Canyons area.
The formation most likely represents eolian sand dune
environments containing some lacustrine interdune areas
(Doelling and Davis, 1989). The Navajo contains a limited
number of fossils regionally, including tritylodontid rep-
tiles and the dinosaurs Segisaurus and Ammosaurus, and
dinosaur and other vertebrate footprints (Weishampel,
1990). The animals are similar to those of the underlying
and intertonguing Kayenta Formation.

The Navajo is well exposed within the monument,
though prospecting a vast area of the formation turned up
only a few tracksites (figure 11). Still, the localities have
produced several ichnogenera that were previously
unknown within the monument (figure 12), and continued
exploration of the interdune limestones and duneface sand
facies should reveal more localities.

Utah Geological Survey

Figure 12. Stokes Navajo tracksite (Ga001T), in a road cut
along Highway 12, Navajo Sandstone, Garfield County, Utah.

Page Sandstone

The Middle Jurassic Page Sandstone consists of red or
light-gray, cross-bedded sandstone (Peterson and Pipirin-
gos, 1979). It is separated from the underlying Navajo
Sandstone by an unconformity, though it is similar in
lithology to the Navajo and for a long time was included
with it. The paleoenvironment may have been similar to
that of the Navajo Sandstone. Two tongues of the Page
extend northwestward from the type locality near Lake
Powell and intertongue with the Carmel Formation. These
tongues are the lower Harris Wash Tongue and the upper
Thousand Pockets Tongue. The Page as a whole is about
56 meters (185 ft) thick at the type locality, but can be up to
88 meters (290 ft) thick (Peterson and Pipiringos, 1979).
There have been no reports of fossil material from the
Page.

The Page was not heavily prospected during this sur-
vey, but one possible vertebrate track was located. As
Middle Jurassic terrestrial vertebrate skeletons are nearly
unknown in North America, further prospecting of these
rocks is clearly warranted.
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Figure 13. Carmel section at The Cockscomb, along U.S. High-
way 89, Kane County, Utah.

Carmel Formation

The Middle Jurassic Carmel Formation consists of red-
dish-brown, tan, golden-yellow, and gray units of sand-
stone, siltstone, and shale, with some limestone. The for-
mation is about 30 to 100 meters (99-330 ft) thick (Peterson
and Pipiringos, 1979) and generally thins eastward. The
Carmel is exposed along the flats east of the Straight Cliffs,
along Highway 89 east of The Cockscomb (figure 13), and
above the White Cliffs between Skutumpah Terrace and
Cannonville. The sediments represent shallow marine
environments at the southwestern extent of an epiconti-
nental sea that, during the Middle Jurassic, extended from
Montana and western Wyoming down into central and
western Utah (Imlay, 1980; Blakey and others, 1983). Fos-
sils known from the Carmel include stromatolites,
foraminiferans, radiolarians, corals, crinoids, brachiopods,
bryozoans, starfish traces, bivalves, gastropods,
ammonoids, ostracodes, invertebrate trace fossils, and
dinosaur tracks (Nielson, 1990; Tang and Bottjer, 1997; Wil-
son, 1997; Lockley and others, 1998).

The Carmel is not particularly fossiliferous within the
monument, and prospecting, mostly in the area southwest
of Cannonville, turned up only a few localities. The
Carmel is apparently more fossiliferous to the west of the
monument, and the paucity of fossil material in the
prospected areas may be a result of the original hyper-
salinity of the Carmel sea in this region (Fred Peterson,
U.S. Geological Survey, written communication, 1998).

Entrada Sandstone

The Middle Jurassic Entrada Sandstone consists large-
ly of reddish cross-bedded sandstone, tan and reddish-
brown siltstone, and white to gray, large-scale cross-bed-
ded sandstone. Overall, these lithologies correspond to
the lower, middle, and upper members, respectively, of
Zeller and Stephens (1973) and, more roughly, to the Gun-
sight Butte, Cannonville, and Escalante Members of
Thompson and Stokes (1970). The Entrada is well exposed
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from the Middle Jurassic Entrada Sandstone, Garfield County,
Utah.

Figure 14b. Dinosaur tracks at the Twentymile Wash dinosaur
tracksite (Ga481T), Entrada Sandstone.

Figure 14c. Outline of
theropod dinosaur track from
the Entrada Sandstone,
Twentymile Wash dinosaur
tracksite (Ga481T).

Scale bar = 10 cm.

along Fiftymile Bench below the Straight Cliffs, as well as
east of Cannonville and south of the Kaiparowits Plateau.
It is less well exposed along The Cockscomb and south-
west of Cannonville toward Kanab. The Entrada ranges
from 0 to 270 meters (0-891 ft) thick and represents mainly
eolian sand dune, interdune, tidal flat, and sabkha pale-
oenvironments. Other than dinosaur tracks and the exter-
nal mold of the primitive crocodilian Entradasuchus from
near Moab, Utah, few fossils are known from the Entrada.



Figure 15. Exposures of the Upper Jurassic Morrison Forma-
tion, Straight Cliffs area, Garfield County, Utah.

The Entrada Sandstone had not produced any known
fossil material in the monument prior to this survey
(Gillette and Hayden, 1997), but a dinosaur tracksite was
found near the top of the formation along the Straight
Cliffs area (figures 14a-c), and we thus prospected other
Entrada outcrops between Escalante and Fiftymile Moun-
tain. We did find several tracksites within a few kilome-
ters of the original and largest site, but unfortunately did
not find any others along the Straight Cliffs (Foster and
others, 2000). These track localities are significant in that
they are some of the first to be found in the Entrada out-
side of the area around Moab, Utah.

Morrison Formation

The Upper Jurassic Morrison Formation consists of
varying amounts of tan to white sandstone and conglom-
erate, red, maroon, gray, and green mudstone, and thin
gray limestone. It is exposed within the monument main-
ly along Fiftymile Bench and just southwest of Fiftymile
Mountain, north of Lake Powell (figure 15); it is not pres-
ent west of the Kaiparowits Plateau where the overlying
Dakota Formation lies directly on the Entrada Sandstone.
The Morrison is up to 220 meters (726 ft) thick along
Fiftymile Bench, and the members include the Tidwell, Salt
Wash, Fiftymile, and Brushy Basin Members (Peterson and
Turner-Peterson, 1987). The Tidwell is the basal member
between the Entrada Sandstone and the Salt Wash; near
the town of Escalante, the member overlying the Salt Wash
is, as in other regions, the mudstone-rich Brushy Basin, but
this upper member intertongues with the more sandy
Fiftymile Member farther to the southeast. The paleoenvi-
ronment of the Morrison is a relatively low floodplain,
with a system of rivers, ponds, lakes, and some playas and
dune fields, extending from northern Arizona and New
Mexico up into northern Montana (Dodson and others,
1980). Abundant fossils are known from the formation
regionally, including plants, gastropods, bivalves, insect
traces, conchostracans, crayfish, fish, lizards, sphenodon-
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Figure 16. Dakota-Tropic-Straight Cliffs section, looking north
across Chimney Rock Canyon towards Jack Riggs Bench, Coyote
Bench, northwest of Big Water, Kane County, Utah.

tids, frogs, diverse small mammals, salamanders, crocodil-
ians, pterosaurs, turtles, and more than 20 genera of
dinosaurs (Chure and others, 1998).

The Morrison Formation within the monument proved
to be generally less fossiliferous than in many other areas
of the Colorado Plateau. Still, some significant sites were
found. In particular, some of the best petrified logs known
from the Morrison are within the monument.

Dakota Formation

The Dakota Formation in southern Utah is mostly Late
Cretaceous (Cenomanian) in age (am Ende, 1991) and con-
sists of sandstone, shale, and some coal. The lower mem-
ber, which may be Early Cretaceous in age, is mostly con-
glomeratic sandstone; the middle member consists of
interbedded sandstone and shale with some coal; and the
upper member is mainly sandstone (Doelling and Davis,
1989). The Dakota is exposed along the Straight Cliffs,
south of the Kaiparowits Plateau (figures 16 and 17), and
up The Cockscomb to the area near Cannonville and Trop-
ic. Itis also present east of Bryce Canyon where many
important microvertebrate localities have been recognized.
The Dakota can be up to about 80 meters (264 ft) thick, and
the middle member is the thickest, with the upper and
lower members each typically just 10 to 15 meters (33-50
ft) thick. The Dakota represents, upward through its sec-
tion, a general transition from fluvial to lagoonal and
swamp to shallow, brackish, marine paleoenvironments
(Doelling and Davis, 1989; Gustason, 1989). The upper
member of the Dakota contains abundant marine molluscs,
including ammonites and oysters, while the middle mem-
ber contains plants, fish, freshwater rays and sharks, sala-
manders, lizards, crocodiles, turtles, dinosaurs, mammals,
and freshwater bivalves and gastropods (figures 18-21)
(Eaton, 1991; Eaton and others, 1997, 1999; Kirkland, 1987,
Kirkland and others, 1998). Dinosaur eggshell has also
been found (J.I. Kirkland, Utah Geological Survey, 1999,
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Figure 17. Overview of the Dakota Formation, Tropic Shale, and
Straight Cliffs Formation, from the Smoky Mountain Road,
Kane County, Utah.
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Figure 19. Pycnodonte newberryi and Costagyra, bivalves
that are common at the top of the Dakota Formation.
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Figure 18. Oyster coquina (Exogyra [Costagyra] olisiponen-
sis) in the top 1 meter of the Dakota Formation at Blue Trail.

verbal communication).

The Dakota Formation is reasonably fossiliferous and
by prospecting and reinvestigating known sites during this
survey, we identified several ammonoid and bivalve gen-
era that had previously not been reported from within the
monument. The earlier work of Jeff Eaton and Rich Cifelli
(Eaton and Cifelli, 1988; Eaton, 1991) has revealed that the
Dakota also contains significant earliest Late Cretaceous
mammal localities, mostly within the monument. Addi-
tionally, the formation has been recognized as preserving
the last remnant of an archaic freshwater fish fauna of
largely Jurassic aspect (Kirkland, 1987). Some of these
unique late Cenomanian fossil localities are as rich as any
known in the Cretaceous, with all known species collected
unique to this time and region.

Figure 20. ?Calycoceras sp., an ammonite from the top of the
Dakota Formation.

Tropic Shale

The Upper Cretaceous Tropic Shale is late Cenomanian .
to middle Turonian (93-89 Ma) in age (Eaton, 1991) and i I
consists almost entirely of dark gray mudstone. It is

Figure 21. Fossil leaf from the Dakota Formation.
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Figure 22. Placenticeras cumminsi, a typical ammonite from
the Tropic Shale.

exposed south of the Kaiparowits Plateau (figures 16 and
17), along The Cockscomb, and in the area north of the
town of Tropic, and is present but not particularly well
exposed along the base of the Straight Cliffs south of
Escalante. The Tropic Shale is generally about 150 to 300
meters (495-990 ft) thick (Doelling, 1975; Eaton and others,
1987), and represents a marine environment. Fossils found
in the Tropic include corals, bivalves, gastropods,
scaphopods, ammonoids (figure 22), crabs, invertebrate
trace fossils, sharks, fish, and marine reptiles (Gillette and
Hayden, 1997). The basal Tropic Shale is exceptionally fos-
siliferous and contains a particularly well-studied
sequence of fossils spanning the Cenomanian-Turonian
extinction event (Elder, 1987, 1989, 1991). Many of the
molluscan taxa from this interval are unique to the south-
ern Colorado Plateau (Stanton, 1893; Koch, 1977; Kirkland,
1996).

The Tropic Shale produced a number of fossils during
the survey, including shark teeth and several bivalves and
ammonoids not previously recognized from the monu-
ment. It should be noted that, because of the continuity of
marine sediments, most of the fossil-bearing horizons
within the Tropic Shale are continuous throughout the
monument.

Straight Cliffs Formation

The Upper Cretaceous Straight Cliffs Formation is
middle Turonian to earliest Campanian (89-84 Ma) in age
(Eaton, 1991) and consists of four members containing dif-
fering amounts of tan sandstone, gray shale and mud-
stone, and coal. The members are, in ascending order, the
Tibbet Canyon, Smoky Hollow, John Henry, and Drip Tank
(figure 23). Most of the coal occurs in the Smoky Hollow
and John Henry Members, and this is the most productive
formation for coal in the monument area. The formation is
well exposed along the Straight Cliffs south of Escalante,
in much of the southern and eastern Kaiparowits Plateau
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Figure 23. The Straight Cliffs section (Tibbet Canyon, Smoky
Hollow, John Henry, and Drip Tank Members) looking north to
the confluence of Tibbet Canyon and Smoky Hollow, Kane
County, Utah.

seam in the lower John Henry Member of the Straight Cliffs
Formation (Ka301T), Kane County, Utah.

(figure 23), and up The Cockscomb to the vicinity of Hen-
rieville and Tropic. The whole formation is about 420
meters (1,386 ft) thick on average (Doelling and Davis,
1989), and represents a mixture of fluvial, swamp, coastal
floodplain, and shallow marine environments. A diverse
assemblage of fossils is known from the Straight Cliffs For-
mation, including plants, gastropods, bivalves,
ammonoids, crabs, invertebrate traces, marine and fresh-
water sharks, rays, bony fish, salamanders, frogs, turtles,
lizards, crocodiles, pterosaurs, many types of dinosaurs,
numerous mammals, and dinosaur tracks (figures 24 and
25) (Eaton and Cifelli, 1988; Cifelli, 1990a; Eaton, 1991,
1995; Eaton and others, 1997, 1999; Gillette and Hayden,
1997; Hamblin, 1998; Kirkland and others, 1998; Hamblin
and Foster, 2000).

The Straight Cliffs Formation has in the past produced
a number of important mammalian taxa (Eaton and Cifelli,
1988; Cifelli, 1990a), and most (if not all) of these verte-
brate fossil sites have produced new taxa unique to North
America and the world. These studies are in their very
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T
Figure 25. Mold of a fossn log from the Drip Tank Member of

the Straight Cliffs Formation in Tibbet Canyon, Kane County,
Utah.

|

Figure 26b. Close-up of ceratopsian skull Iocallty (Ka536V),
Wahweap Formation.

Flgure 26a. Wahweap Formatlon exposures at the ceratop5|an
skull locality (Ka536V); view looking southeast to Nipple Butte,
Kane County, Utah.

preliminary stages, since most of the outcrop area has not
been surveyed, and the identified fossil groups have not
been studied. During this survey, several ammonoid and E-

bivalve genera were identified in the Straight Cliffs that Figure 27. Fossil tree with root ball intact, Wahweap Formation,

had not been reported from the monument before. Over-  soytheast of The Gut (Ka611P), western Kaiparowits Plateau,
all, the formation is reasonably fossiliferous, and most out-  Kane County, Utah.

crops contain at least some material.

Wahweap Formation

The Upper Cretaceous Wahweap Formation is early
Campanian (84-80 Ma) in age and consists of gray mud-
stones and brownish sandstones, having a total formation
thickness of about 330 to 450 meters (1,089-1,485 ft). Itis
well exposed on the Kaiparowits Plateau and represents
fluvial channel and floodplain environments (Eaton, 1991).
A diverse collection of fossils is known from the Wahweap,
including plants, bivalves, gastropods, sharks, fish, turtles,
lizards, crocodilians, dinosaurs, dinosaur tracks, and many
types of mammals (figures 26-28) (Cifelli, 1990b, 1990c;
Gillette and Hayden, 1997; Kirkland and others, 1998;

Figure 28. Fossil leaf from the Wahweap Formation near Tibbet
Spring (Ka680VP), Kane County, Utah.
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Figure 29. Kaiparowits Formation exposures, view looking
southwest at a dinosaur locality from a low spur on Horse

Mountain, Kane County, Utah.

Eaton and others, 1999; Hamblin and Foster, 2000).

The Wahweap Formation is generally fossiliferous, but
in many cases the material is quite fragmentary. Some of
the more significant finds in the formation in the past were
several mammal sites reported by Cifelli (1990b, 1990c).
Dinosaur skeletal remains are known from a number of
areas, but are all unexcavated. Due to the limited skeletal
material of early Campanian age (mainly Milk River For-
mation of Alberta, Canada), excavation of dinosaur
remains from this formation should prove significant. The
discovery of a ceratopsian dinosaur during this survey is
the first definitive discovery of a horned dinosaur in the
Wahweap Formation, and represents an undescribed
species as no early Campanian horned dinosaur has ever
been named in North America (figure 26). Additional
dinosaur skeletal remains have now been recognized and
await excavation and study.

Kaiparowits Formation

The Upper Cretaceous Kaiparowits Formation is late
Campanian (80-75 Ma) in age and consists mainly of gray
mudstones and soft-weathering sandstones, containing a
few resistant, dark brown sandstone beds. The formation
is well exposed in the upper Kaiparowits Plateau, particu-
larly from Fourmile Bench up to The Blues. The thickness
of the Kaiparowits Formation ranges from 780 to 910
meters (2,574-3,003 ft) (Doelling and Davis, 1989). The
paleoenvironment was fluvial channels and floodplains
that were, like the terrestrial deposits represented in
underlying formations, on the western shore of the West-
ern Interior Seaway (Roberts and Kirschbaum, 1995). The
fossil material known from the Kaiparowits Formation
includes plants, bivalves, gastropods, sharks, fish, amphib-
ians, turtles, lizards, crocodiles, many types of mammals,
and diverse dinosaur tracks and dinosaurs, including cer-
atopsians, hadrosaurs, tyrannosaurids, nodosaurids, and
ornithomimids (Weishampel and Jensen, 1979; DeCourten
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Figure 30. Articulated hadrosaur vertebrae (Ka352VP) from
the Kaiparowits Formation, Kane County, Utah.

and Russell, 1985; Eaton and Cifelli, 1988; Cifelli, 1990d,;
Gillette and Hayden, 1997, Kirkland and others, 1998;
Eaton and others, 1999; Hamblin and Foster, 2000). Addi-
tionally, dinosaur eggshell fragments are abundant
throughout much of the formation.

The Kaiparowits Formation is richly fossiliferous, and
though most material is fragmentary, several potentially
significant specimens were identified during this study,
including partial turtles and partially articulated dinosaurs
(figures 29 and 30). Some of the more important earlier
finds were those of an ornithomimid dinosaur (DeCourten
and Russell, 1985), the hadrosaur Parasaurolophus
(Weishampel and Jensen, 1979), an abundance of well-pre-
served mammals near Wahweap Creek and other sites
(Cifelli, 1990c, 1990d), and the partial skeleton of the large
primitive bird Avisaurus, which was so well preserved that
even the keratin over the wing claws was included
(Hutchison, 1993).

Canaan Peak Formation

The Canaan Peak Formation is considered to be Latest
Cretaceous to Paleocene in age, but is poorly dated. The
12- to 300-meter-thick (40-1,000 ft) cliff former consists of a
coarse cobble conglomerate deposited by eastward-flow-
ing braided rivers and rests unconformably on the
Kaiparowits Formation. It is found only in the northern
part of the monument (Eaton, 1991; Schmitt and others,
1991). Pollen recovered from the lower part of the forma-
tion indicates an early to middle Campanian age (Bowers,
1972), but is thought to be reworked from older rocks
based on the diverse late Campanian vertebrate fauna in
the thick underlying Kaiparowits Formation (Eaton, 1991).

No fossils were observed in the Canaan Peak during
the course of this survey.

Claron Formation

The Claron Formation is believed to be Paleocene to
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Eocene in age and ranges in thickness from 500 to 575
meters (1,650-1,897 ft) (Doelling, 1975). It consists mainly
of pink to white limestone with some sandstone, conglom-
erate, and pyroclastics, and is exposed just outside the
northwestern part of the monument. The Claron sedi-
ments appear to be lacustrine with some fluvial influence,
and the fossils known from the formation are mainly plant
impressions, palynomorphs, gastropods, and bivalves.

The only fossil material identified from the Claron
during this survey were several gastropods contained in a
piece of the formation that had eroded down onto the
Tropic Shale.

IMPORTANT SITES

This section provides details of some of the localities
investigated during our survey that have particularly
interesting paleontological resources. The sites may have
abundant fossils of relatively more common taxa or may
have rare or unusually well-preserved specimens. Not all
previously known important sites are listed, as many of
these have already been published (see formations sec-
tion), but we include previously known sites for which we
found additional material. Locality names are followed by
both the UGS locality number and Sensitivity Level classi-
fication in parentheses. A complete listing of sites known
through 1999 can be found in the appendix, which is a list-
ing of all paleontological localities recorded in the Utah
Geological Survey database.

Kaibab Limestone (Permian)

Fivemile Mountain Il (Ka554l: Class Ill)

This site is in a thick, tan limestone, and is along
approximately 100 meters (330 ft) of outcrop that contains
abundant crinoid stems and both branched and fenestel-
lid-type bryozoans, along with some brachiopods and
rugosid corals. It thus has one of the most diverse and
abundant assemblages of invertebrates found in the
Kaibab during the survey.

Head of Buckskin Gulch (Ka503I: Class I)

This site contains corals, crinoids, bryozoans, bra-
chiopods, and sponges, including the first Actinoceolia
known from the Kaibab within the monument.

Moenkopi Formation (Lower Triassic)
Canyon View (Ga464T: Class Il1)

This site is at a low ledge-forming outcrop of thin
sandstones and thin, platy shales in the lower Moenkopi,
west of Wolverine Loop Road in the Circle Cliffs area.

17

Tracks were found in one level of the outcrop and are pre-
served as natural casts and impressions in slabs of thin-
bedded siltstone (up to ~7 mm [0.28 in] thick). There are
hundreds of limulid (horseshoe crab) tracks on the slabs at
the site and at least five good trackways have been found
so far (figure 5).

Studhorse East (Ga467T: Class Il)

This locality right along the Burr Trail Road in the Cir-
cle Cliffs area consists of a sandstone block with a natural
cast manus/pes set of a small vertebrate, possibly of the
ichnogenus Akropus. The sandstone comes from a section
of interbedded shale, siltstone, and sand with abundant
ripple marks.

Northeast Horse Canyon (Ga468T: Class I1)

This locality is in an interbedded sequence of thin, rip-
ple-marked sandstones and shales and contains several
vertebrate swim tracks preserved as natural casts. The
sandstones weather out as large, flat slabs with abundant
ripple marks on their surfaces.

West Horse Canyon (Ga463P: Class II)

This site contains several relatively large pieces of pet-
rified wood. Plant material in general is relatively rare in
the Moenkopi and this is the only plant locality found in
this formation during the survey.

Quarry Ridge (Ka613VI: Class I)

This locality in the Virgin Limestone Member contains
gastropods, bivalves, ammonites, and fragments of fish.

Chinle Formation (Upper Triassic)
Brinkerhof Spring (Ga324T: Class I)

This locality is in the northeastern Circle Cliffs area
very close to the monument boundary with Capitol Reef.
It is in the uppermost part of the Owl Rock Member of the
Chinle Formation and consists of a bench of thin-bedded
siltstone just below the cliffs of Wingate Sandstone. This
site contains several dozen tracks of small reptiles; the
tracks are 1 to 4 centimeters (0.4-1.6 in) long and are of two
morphologies (Rhynchosauroides and ?Gwyneddichnium; fig-
ure 7). In addition, there is a trackway of a large reptile
with a pes length of 24 centimeters (10 in). The trackway
consists of two successive left manus/pes sets and one
right heel impression, as well as an apparent tail drag.
Impressions of skin are preserved on some parts of some
of the tracks. The front manus/pes set and part of the tail
drag were on a block that had begun to erode out of the
outcrop; these were collected, but much of the tail drag
and the rear manus/pes set are still at the site, as are many
of the small reptile tracks.
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Long Canyon Pass (Ga475PT: Class II)

This site is in a thin-bedded siltstone in the Owl Rock
Member above and mainly north of the Burr Trail Road,
near the Circle Cliffs overlook. The site contains abundant
impressions of araucarian conifer stems as well as verte-
brate tracks, including those of a small theropod and the
ichnogenus Pseudotetrasauropus, thought to represent a
prosauropod dinosaur (figure 8a). One of the best-pre-
served specimens from the site contained, on one side, a
natural cast of an araucarian conifer branch (figure 8b)
and, on the other, the skin impression and partial footprint
of a non-dinosaurian reptile, possibly the same type that
made the big trackway at Brinkerhof Spring.

Paria Town Site (Ka232P: Class 1)

This locality contains coniferous plant stems, petrified
logs, seed bodies, and leaves, including material identified
as Neocalamites (giant horsetail).

King Mine (Ka292VP: Class I)

This is a site near the Vermilion Cliffs that contains
plant stem casts and metoposaur and phytosaur bones and
teeth.

Paria Movie Set 111 (Ka557V: Class Il)

This site is in the Petrified Forest Member southeast of
Paria in a grayish, soft-weathering sandstone in the bad-
lands exposure of Chinle below Gingham Skirt Butte. It
produced two phytosaur teeth and contains numerous
other bone fragments; it was one of the more potentially
productive sites identified in the formation during this
survey.

Petrified Forest Member General (Sites Ga474P, Ga476P,
Ka558P: all Class I11)

These sites are grouped as examples of sites demon-
strating the abundance of petrified wood and logs, partic-
ularly in the Circle Cliffs area, in the Petrified Forest Mem-
ber of the Chinle. Just about any Chinle locality in the Cir-
cle Cliffs can be expected to produce some petrified wood.

Shinarump Member General (Sites Ga469P, Ga470P: both
Class 1)

These sites are also grouped as examples of the abun-
dance of petrified wood in the Shinarump Member,
though it is less common and more fragmentary here than
in the Petrified Forest Member.

Wingate Sandstone (Lower Jurassic)
Long Canyon Wingate (Ka323T: Class I)

This locality is near the base of the Wingate Sandstone
cliffs in Long Canyon. It consists of the natural cast track-
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way of a small theropod dinosaur with pes tracks about 11
centimeters (4 in) long (?Grallator). This is the first record
of fossil material from the Wingate in the monument.

Moenave Formation (Lower Jurassic)
Park Wash (Ka562T: Class I)

This site is near the base of the Moenave Formation in
a series of thin, interbedded, fine to pebbly sandstone and
shale layers below the first thick sandstone. These sandy
interbedded units, which produced tracks, are interpreted
as braided stream channels or bars in a sandy ephemeral
stream system on the margin of the Wingate dunes (Clem-
mensen and others, 1989). This locality contains two small
theropod tracks of the ichnogenus Grallator, one of which
is very well preserved, and a slab with two manus/pes
sets of a crocodylomorph. The same interbedded part of
the lower Moenave contains tracks all along the Vermilion
Cliffs between Fin Little Wash and Paria, a distance of
nearly 20 kilometers (12 mi), and this unit may be expect-
ed to produce tracks almost anywhere it is exposed. Most
commonly, the tracks are found on lighter colored slabs on
talus slopes below the cliffs of thin, interbedded sands
near the base of the Moenave.

Fin Little Overlook (Ka563T: Class IlI)

This is another site in the lower Moenave Formation; it
contains several Grallator tracks and several possible
tetradactyl tracks.

Fin Little 11 (Ka564T: Class IlI)

Another lower Moenave site, this locality contains
many invertebrate traces in addition to a tridacty!l
dinosaur track that has a wide divarication of the digits
and may represent Anomoepus.

Park Wash 111 (Ka565PT: Class I1I)

This locality contains natural casts of footprints includ-
ing four isolated tracks and two short small theropod
trackways, at least one of which is Grallator. The site is
also in the lower Moenave.

Paria Movie Set IV (Ka566T: Class Il1)

This site contains a single natural cast track of a thero-
pod. The track is 15 centimeters (6 in) long and is some-
what larger than most others found along the Vermilion
Cliffs at this low level in the Moenave.

Kayenta Formation (Lower Jurassic)
Flag Point Tracksite (Ka002T: Class I)

This site has been known for some time and is a bit
northeast of Flag Point on the rim of the Vermilion Cliffs.
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The site contains more than 100 tracks and trackways of
several dozen theropod dinosaurs. So far, the known
tracks are all Grallator and Eubrontes. Below the site is a
large panel of native rock art possibly depicting, among
other things, one of the tracks (figure 9a b).

Flag Point 11 (Ka568T: Class 1)

This locality is a little north and stratigraphically
above the main Flag Point tracksite in a limestone just
below the Lamb Point Tongue of the Navajo Sandstone.
The site has two poorly preserved large theropod tracks
(?Eubrontes) and one small dinosaur track with wide digit
divarication, possibly Anomoepus.

Flag Point 111 (Ka567T: Class Il)

This site is also north of the main site and is just
downslope from Flag Point Il. The site consists of numer-
ous small to large, thin, whitish sandstone slabs (10-15 cm
[4-6 in] thick) that contain a total of more than 50 tracks of
small theropods (Grallator), including several short track-
ways. Also, there is at least one track of a moderately
large theropod, possibly assignable to the ichnogenus
Kayentapus.

Cockscomb West (Ka513VP: Class II)

This locality is one of very few in the Kayenta found
during this survey to produce vertebrate bone fragments.
Unfortunately, none of the material is identifiable.

Kayenta Koffeehouse (Ga477T: Class 1)

Just south of Highway 12, across from the Kiva Koffee-
house, the Kayenta Koffeehouse tracksite is near the top of
the Kayenta. The site has a dozen or so large and small
theropod dinosaur tracks preserved in sandstone blocks,
as well as tracks of unidentified small vertebrates.

Lower Long Canyon (Ka569T: Class Il)

This site is east of Johnson Canyon Road in the basal
Tenney Canyon Tongue of the Kayenta Formation. Itisin
a thin-bedded limestone just above an eolian sand of the
Lamb Point Tongue of the Navajo Sandstone. The site con-
tains two tracks of small theropod dinosaurs, each about
10 centimeters (4 in) long and on isolated slabs of lime-
stone that have fallen out of the outcrop.

Calf Creek Trail (Ga478T: Class V)

This site has three short, poorly preserved trackways
of medium-sized ?theropods on a sandstone block several
tens of meters off the Lower Calf Creek Falls trail.

Navajo Sandstone (Lower Jurassic)
West Swag (Ka570T: Class II)
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This locality is west of Nipple Lake and just north of
the road in a fairly prominent 1- to 2 meter-thick (3-7 ft)
unit of limestone and minor sandstone between eolian
units of the Navajo. The site has three natural cast tracks
of small dinosaurs (probably the ichnogenus Anomoepus)
as well as four large Eubrontes impression tracks (figure
11), one of which is quite deep and reasonably well pre-
served. There is also one odd vertebrate track that seems
to have been impressed into one of the previously made
?Anomoepus tracks.

Park Wash Il (Ka571T: Class Il)

This site is in a dune-face deposit of the Navajo very
close to the road along Park Wash and contains 10 or so
tracks of the small non-dinosaurian ichnogenus Brasilichni-
um. These are believed to have been made by synapsid
(mammal-like) “reptiles.”

Stokes Navajo Tracksite (Ga001T/Ga322T: Class I)

This site was originally found by W. L. Stokes (Stokes,
1978) and relocated during this study. The site is on an
exposed dune-face deposit in a road cut of Highway 12
several miles south of the Escalante River (figure 12). The
tracks include two small theropod trackways and four
trackways of Brasilichnium. The theropod trackways may
be Grallator, but are too poorly preserved to be certain.
This site should be protected and interpreted.

Stokes Area North (Ga479T: Class 1)

This site is several hundred meters from Ga322T and
consists of numerous invertebrate trails on a dune-face
deposit. Few other eolian outcrops in the Navajo have
invertebrate trails preserved.

Page Sandstone (Middle Jurassic)
Powerlines (Ka579T: Class 1V)

This site is in a canyon north of West Clark Bench and
is in the Thousand Pockets Tongue of the Page Sandstone,
between tongues of the Carmel Formation. A white, cross-
bedded sandstone here preserves a possible small thero-
pod track that may represent one of the first fossil occur-
rences in the Page.

Carmel Formation (Middle Jurassic)
Paria Valley (Ka075I: Class 1V)

This locality contains the bivalve Pronoella and the gas-
tropod Cossmannea, neither of which had previously been
reported from within the monument in the Carmel.

North Hackberry I and 11 (Sites Ka578T and Ka576T: both
Class II)
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These sites are in the lower Carmel Formation at the
extreme north end of Hackberry Canyon, and have abun-
dant, large invertebrate trails in a formation that is com-
monly quite barren of fossils within the monument.

No Name Canyon (Ka577T: Class I11)

This locality is also in the lower Carmel. It is several
kilometers east of Hackberry Canyon, but has similar
invertebrate traces.

Lone Pine Point (Ka572l: Class I1I)

This site is just above the Navajo in the lower Carmel
and is a bed with abundant oysters; it is one of very few
in-place examples of abundant fossil material in the
Carmel identified in this survey.

Entrada Sandstone (Middle Jurassic)
Twentymile Wash Tracksite (Ga481T: Class 1)

This locality is on a large sandstone bench just north of
Collet Top Road along the Straight Cliffs. Some 250 tracks
in more than 30 trackways of reasonably large theropod
dinosaurs were identified here (figure 14); some trackways
are 30 meters (100 ft) in length. A trackway of a large
quadrupedal dinosaur with possible tail drag marks is also
present at this site. The tracks occur in three levels in the
upper part of the Entrada and were probably made on a
wet tidal flat or interdune area, as much of the underlying
sandstone (and some above) is eolian in origin. These are
the first fossils of any type identified in the Entrada Sand-
stone within the monument.

Twentymile Wash Surrounding Sites (Ga480T, Ga482T,
Ga483T: all Class 1)

These sites are all within several kilometers of the
main Twentymile Wash tracksite and are at the same strati-
graphic level in the Entrada. The sites all contain tracks
and trackways of large theropods, with similar preserva-
tion to the main site. The Cattle Tank locality (Ga483T)
has about five tracks, Twentymile Wash West (Ga480T)
more than 25, and the Right Hand Bowl locality (Ga482T)
more than 50 tracks.

Morrison Formation (Upper Jurassic)
Cedar Wash (Ga488V: Class II)

This site is on the top of a small, round butte just north
of Cedar Wash Road. A single goniopholid-type crocodil-
ian tooth was found in a pebbly sandstone in the Salt
Wash Member. This is the only vertebrate material found
in the Morrison during the survey that could be identified
to any reasonable level; all other material was fragmentary.
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Croton Bench (Ka580T: Class IlI)

This locality north of Lake Powell in a very sandy part
of the upper Morrison (Fiftymile Member) contains three
possible sauropod track natural casts. The casts are com-
posed of sandstone and extend down into mudstone, and
if these are indeed tracks, the site would be one of the
southwestern-most localities for sauropod tracks in the
Morrison.

Sand Ridge (Ga487T: Class IlI)

This is a locality in the lower Morrison north of Twen-
tymile Wash, along the Straight Cliffs. A single structure
in a sandstone block here may be a rhizolith with evidence
of a termite nest. These structures are not uncommon in
the Morrison in other areas (Hasiotis and Demko, 1998),
and their occurrence here would not be surprising.

Little Desert (Ga489P: Class II)

This site is just west of Escalante and south of High-
way 12, and preserves about two dozen sections of petri-
fied logs as well as smaller fragments of petrified wood.

Green Bowl (Ga443P: Class I1)

This locality is a bit west of Ga489P and has similar
petrified logs. Although petrified wood is not uncommon
in the Morrison in other regions, these sites are interesting
because large petrified logs do not commonly occur in the
Morrison.

Dakota Formation (Upper Cretaceous)
Paria River Bluff (Ka028l: Class III)

This site contains the bivalve Pycnodonte and the
ammonoid Calycoceras, the latter of which was previously
unreported from the Dakota within the monument.

West Wahweap Creek (Ka3871: Class I11)

A rather large (~25 cm [10 in]) oyster (Ostrea) was
found in a sandstone near the top of the Dakota at this
locality.

Nipple Creek (Kal02IT: Class I1I)

This locality also contains Pycnodonte, as well as the
arthropod trace fossil Ophiomorpha.
Oyster Pavement (Ka5811: Class II)

This site is along a road east of Cottonwood Creek
Road. The road, as well as the slopes on either side, are
covered with oysters and oyster fragments from the upper
Dakota.

Cad'’s Crotch North (Ka402l: Class 1V)
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This site near the top of the Dakota contains the oyster
Flemingostrea.
Grosvenor Arch | (Ka399VIP: Class Il)

This locality, in a sandstone just east of the arch, con-
tains turtle bones, fish teeth, and plant stems, as well as
the bivalves Anodonta, Rhabdotophorus, and Protelliptio.
Grosvenor Arch 11 (Ka288IP: Class I)

This site contains abundant Inoceramus fossils as well
as an external mold of the ammonite Metoicoceras ?mos-
byense. This is one of the more western occurrences of this
ammonite species within the monument.

Cave Point Creek (Ka584l: Class 1V)

This locality is in the extreme southeastern part of the
monument just off Hole-in-the-Rock road. It has a block of
sandstone with abundant oysters, most probably from the
Dakota, on a slope composed of an eroding Quaternary
stream gravel terrace.

Yellow Creek (Ga521l: Class V)

This site contains the oysters Ostrea and Crassostrea.

Henrieville Creek | (Ga406l: Class V)

This locality contains the bivalves Brachiodontes and
Crassostrea.
Henrieville Creek 11 (Ga514IP: Class 111)

This site contains the previously unreported gastropod
Viviparus, as well as well-preserved plant stems and
angiosperm leaves.

Tropic Shale (Upper Cretaceous)
Walt Slope (Ga495V: Class 1)

This site is a few kilometers north of the town of Trop-
ic and is a slope of Tropic Shale below Walt Bench. It pro-
duced a single, large, well-preserved shark tooth.

Nipple Creek Trail (Ka692l: Class I11)

This locality is in the lower Tropic and contains, in
concretions, several types of ammonoids, including Euom-
phaloceras, Worthoceras, and Pseudocalycoceras.

Hattie Green (Ka606l: Class I11)

Several different types of ammonoids are found at this
site low in the Tropic. Inoceramid bivalves and gastropods
occur here also.

Cottonwood Wash (Ka609I: Class II)

This site contains several types of ammonoids and is
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one of several in the Tropic to produce the bivalve Pycn-
odonte.

Straight Cliffs Formation (Upper Cretaceous)
Walt Bench (Ga496VI: Class Il1)

This site is in the basal Smoky Hollow Member of the
Straight Cliffs Formation north of Tropic and contains fos-
sils all along the top of the bench. The most abundant fos-
sils found here are oysters, which occur by the thousands
on the ground and in a 2- to 3-meter-high (7-10 ft) sand-
stone ledge. Abundant clams and a shark tooth were also
identified during the survey, as well as the crustacean
ichnogenus Ophiomorpha.

South Smoky Mountain (Kal71VIP: Class I)

This locality is in the lower Drip Tank Member of the
Straight Cliffs and contains dinosaur ribs, teeth, and verte-
brae, as well as plant stems.

Upper Surprise Valley (Ka586P: Class IlI)

This locality consists of abundant plant material,
including several nearly complete angiosperm leaf impres-
sions, from light-colored siltstone fragments on a talus
slope. The abundance of material here indicates good
potential if the producing level could be located precisely.

Horse Creek Il (Ga503VIP: Class I1I)

This site contains abundant bivalves, gastropods, and
plant fragments, as well as an indeterminate, large
dinosaur bone and a mold of a shark tooth. All the materi-
al originates in a channel sandstone.

Horse Creek 111 (Ga502P: Class 1V)

This site consists of a single, fairly well-preserved
angiosperm leaf impression in a sandstone.
Kelly Grade (Kal43l: Class I)

This locality in the Tibbet Canyon Member contains
gastropods and oysters and other bivalves, including Bra-
chiodontes.

The Scorpion (Ka301T; Ka518T; Ka605T: Class 1)

These sites are in coal seams in the lower John Henry
Member and contain several casts of possible dinosaur
tracks (figure 24).

Wahweap Formation (Upper Cretaceous)

Josh’s Ceratopsian Skull, North Nipple Butte (Ka536V:
Class I)

This locality is just north of Nipple Butte and is in a
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brown, cross-bedded sandstone. A relatively complete cer-
atopsian dinosaur skull with jaw elements is encased in
the sandstone (figure 26), and nearby are fragmentary
remains of a turtle and a microvertebrate site. It is difficult
to tell exactly how much of the ceratopsian skull is still in
the outcrop, but it appears to contain much of the jaws
and frill.

Jorge’s Cliffs (Ga501VIP: Class II)

This site up on the slopes and cliffs north of Highway
12 contains relatively abundant bone material in the sand-
stones and pebbly sandstones. Taxa identified include gar
fish, a crocodile, indeterminate dinosaurs, a theropod
dinosaur, bivalves, and gastropods. Most of the material is
fragmentary, but there appears to be good potential at the
site.

Little Valley View (Ga507VIP: Class IlI)
This locality is near an anthill in the Wahweap and
contains gastropods, turtles, gar fish, and petrified wood.

Southeast Gut (Ka611P: Class II)

This locality is a road cut southeast of The Gut on the
western Kaiparowits Plateau and contains a partial tree
trunk preserved with the root ball intact (figure 27). The
fossil is in a channel sand and consists mostly of impres-
sions of the trunk and has little petrified wood.

Little Valley Amphitheater (Ga508V: Class 111)

This is another locality that contains mostly small
material, including scales, bone fragments, and gar teeth.
The site is in a gray mudstone.

Kaiparowits Formation (Upper Cretaceous)
Gar (Ka239VIP: Class 1)

This locality contains gastropods, bivalves, turtle bone,
and indeterminate dinosaur bone, along with a possible
hadrosaur dinosaur jaw bone.

End of Spur (Ka354V: Class I)

A partially articulated dinosaur and a turtle are found
at this locality in a sandy blue gray-green claystone.

Whole Croc (Ka248V: Class 1)

This site contains a nearly complete crocodilian and an
edentulous mammal jaw.

Spur West (Ka353V: Class |)

A nearly complete soft-shelled turtle is eroding out of
a sandstone at this site.

Whole Turtle (Ka247V: Class I)
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A locality close to Ka248V (Whole Croc), this site con-
tains an articulated turtle skeleton.

North Squaw Bench Il (Ka594VI: Class 1)

This site contains bivalves, gastropods, and a partially
intact turtle shell in a channel sandstone.

Upper Long Flat (Ka352VP: Class 1)

Turtle fragments, petrified wood, and a partially artic-
ulated hadrosaur dinosaur are found at this locality.

West Upper Wahweap (Ka612VIP: Class I)

This site has abundant fragmentary material of
dinosaurs, turtles, crocodilians, bivalves, and plant impres-
sions.

Claron Formation (Paleocene/Eocene)
Butler Valley North (Ka610l: Class 1V)

This locality consists of limestone pieces on a slope of
Tropic Shale. The limestone pieces seem to have eroded
down from the Claron Formation and contain non-marine
gastropods (?Viviparus).

FOSSIL COLLECTIONS

Fossil collections made during the course of this sur-
vey are curated at the Utah Museum of Natural History
(UMNH), University of Utah, Salt Lake City, Utah. A com-
plete list of these specimens will be available at a later
date. In addition to the Utah Museum of Natural History,
the following institutions also have fossil collections from
the Grand Staircase-Escalante National Monument:
Brigham Young University, Earth Science Museum,
Provo, Utah (BYU ESM)

Museum of Northern Arizona, Flagstaff, Arizona
(MNA)

Oklahoma Museum of Natural History, University of
Oklahoma, Norman, Oklahoma (OMNH)

United States National Museum, Smithsonian Institu-

tion, Washington, D.C. (USNM)
United States Geological Survey, Denver, Colorado
(USGS)

University of California, Museum of Paleontology,
Berkeley, California (UCMP)

University of Colorado Museum, Boulder, Colorado
(Ucm)

There are undoubtedly many other museums, geology
departments, and other institutions that also have fossil
collections from the large area that is now the Grand Stair-
case-Escalante National Monument. A summary of all
paleontological collections from the monument is beyond
the scope of this report, although these important data
may be compiled at a later date.
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The goal of the Utah Geological Survey in maintaining
a statewide paleontological database is to integrate locality
data with stratigraphic and taxonomic data, to most effec-
tively manage the state’s paleontological resources. Other
researchers have recently compiled paleontologic data of a
limited scope, including the marine and brackish-water
invertebrate fossil collections made by the U.S. Geological
Survey (Pollock and others, 1997), and the Cretaceous ver-
tebrate faunas from the Kaiparowits Plateau (Eaton and
others, 1999). Museums and other institutions should be
contacted individually for further information about fos-
sils in their collections from the Grand Staircase-Escalante
National Monument.

CONCLUSIONS

Most formations within the Grand Staircase-Escalante
National Monument contain at least some fossil material
and some formations are quite fossiliferous. Important
marine invertebrate assemblages are present in several of
the marine Cretaceous formations, and important Meso-
zoic mammal faunas exist in the terrestrial deposits of the
Upper Cretaceous. Also, the older deposits of the Jurassic
appear to contain a potential abundance of vertebrate
tracks. Future prospecting should reveal even more fossil
localities of importance within the monument boundaries.
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APPENDIX - LOCALITY DATABASE TABLE

This appendix is a locality database table of sites investigated during this survey. The following fields are included

in this table:

= The UGS paleontological locality number: Co. = County; No. = Number; V= Vertebrate; | = Invertebrate; P = Plant; T
= Track or Trace; and M = Microfossil

=« Locality Name: (Where assigned)

= Map Name: USGS Topographic Map, 7.5' quadrangle unless otherwise noted; map name may be unknown for older
localities that were not relocated during this survey

= Sensitivity Level Classification: (Where assigned)

= Class I (Critical) --Any locality producing type, very rare, or reference fossil material

= Class Il (Significant) --Any locality producing rare or unusually well-preserved material

e Class lll (Important) --Any locality producing common but abundant fossil material

= Class IV (Insignificant) --Any locality producing poorly preserved or less abundant but common material

e Class V (Unimportant) --Any locality producing very poorly preserved and/or less abundant material

< Map Symbol: Indicates geologic age, formation, and member (see key below)

= Miscellaneous Abbreviations: indet. = indeterminate; w = with; incl. = including; croc. = crocodilian; Hwy = High-
way; N = north; S = south; E = east; W = west

This table contains only a portion of the data that were collected for these paleontological localities, and which are
part of a comprehensive statewide database. Many older sites from the published literature were not relocated during
this survey. Because complete data for these sites are not available, there are some gaps in the data listed in this table.
The complete database also includes detailed locality and stratigraphic data and other information that are not included
herein. These locality data are on file at the Utah Geological Survey.

Formation Abbreviations (Map Unit Labels) for the Paleontological Database

Tc Claron TRco  Chinle, Owl Rock Member

Kk Kaiparowits TRcp  Chinle, Petrified Forest Member
Kw Wahweap TRcm  Chinle, Monitor Butter Member
Ksd Straight Cliffs, Drip Tank Member TRcs  Chinle, Shinarump Member

Ksj Straight Cliffs, John Henry Member TRc Chinle (no member identified)
Kss Straight Cliffs, Smoky Hollow Member TRm  Moenkopi

Kst Straight Cliffs, Tibbet Canyon Member Pk Kaibab

Ks Straight Cliffs (no member identified)

Kt Tropic

Kd Dakota

Jm Morrison

Js Summerville

Jeu Curtis

Je Entrada

Jc Carmel

Jp Page

Jn Navajo

Jk Kayenta

Jw Wingate
Jmo Moenave
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