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AN INVENTORY OF PALEONTOLOGICAL
RESOURCES ASSOCIATED WITH
NATIONAL PARK SERVICE CAVES

ABSTRACT

More than 3,600 caves and karst resources have been identified in at least 79 units of the National Park System. In 1998,
the National Park Service Geologic Resources Division initiated a servicewide inventory of paleontological resources occur-
ring in association with these caves. The inventory documented at least 35 park areas that preserved fossils within cave
resources.

Cave-paleontological resources are identified in two categories: 1) fossils preserved within the cave-forming bedrock,
and 2) fossils accumulated within the caverns, chambers, or other openings in karst systems.

Caves occur in both karst and non-karst areas. Karst caves, and features within them such as stalactites and stalagmites,
are formed by a variety of processes. These processes include the dissolution and erosion of sedimentary and evaporitic
rocks, and later deposition of minerals from the dissolution process. Within limestones, the remains of marine invertebrate
and vertebrate fossils are typically preserved. Paleozoic limestones constitute the parent rock in which many cave and karst
features develop in NPS administered areas. Therefore, the fossilized remains of Paleozoic fauna are often the most common
types of paleontological resource associated with caves. Caves also form as the result of lava flows (lava tubes), wave action
(littoral caves), and by the fracturing of rock (earth cracks).

Cave feature development is documented from the Holocene back to the Eocene. Caves, sinkholes, solution tubes, and
other karst features attract and can trap animals. Pleistocene and Holocene vertebrate remains are abundant in many caves.
Rich deposits of fossil bone can develop either through the accumulation of remains associated with organisms inhabiting

the cave, such as Neotoma (packrats), or through a variety of transport mechanisms.

INTRODUCTION

n an effort to better document occurrences of pa-

leontological resources within units of the National

Park Service (NPS), two inventory strategies were
developed and implemented during the late 1990s. The
primary objective for each of the inventory strategies
is to compile baseline paleontological resource data
to enhance the scientific understanding and manage-
ment of these non-renewable resources.

Fossils, the remains of life preserved in a geologic
context, have been identified in over 150 units of the
National Park Service. Collectively these fossils pro-
vide a detailed story for the history of life. The fossil
record preserved within the national parks, monuments,
and other designated areas ranges from Precambrian
stromatolites at Glacier National Park to the ice age
mammals buried in cave sediments at Guadalupe
Mountains National Park.

The first inventory strategy implemented by the
National Park Service Geologic Resources Division
was directed to individual parks. This strategy was
designed to survey all occurrences of fossils, including
fossil plants, invertebrates, vertebrates, and trace fos-
sils, within each park. This comprehensive park-level
inventory strategy was piloted at Yellowstone National
Park in 1996 (Santucci, 1998). The Yellowstone Pa-
leontological Survey involved literature reviews, ex-
amination of museum collections, and extensive field
inventories. Over twenty stratigraphic units were iden-
tified in Yellowstone that preserved fossils. The data
presented an opportunity to view the ancient ecosys-
tems of Yellowstone.

Perhaps one of the most significant aspects of the
survey is that it addresses the paleontological resources
and the paleontological resource management issues
from the perspectives of park managers. In addition
to their scientific values, park fossils are considered in
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terms of their educational values, protection strate-
gies, curatorial requirements, research potential, and
other management concerns. The final published re-
port not only consolidates the comprehensive baseline
paleontological resource data for the park, in the form
of fossil locality maps and fossil species lists, but also
provides guidance and recommendations for park staff
to integrate paleontological resources into park plan-
ning and operations.

Park-specific paleontological resource inventories
have been accomplished for two large parks, includ-
ing Yellowstone National Park and Death Valley Na-
tional Park (Nyborg and Santucci, 1999), and two
smaller parks, including Bighorn Canyon National
Recreation Area (Santucci et al., 1999) and Walnut
Canyon National Monument (Santucci and Santucci,
1999). Similar park-specific paleontological resource
surveys are underway in various parks in Alaska,
Arches National Park, and Zion National Park.

The second inventory strategy involved the devel-
opment of thematic paleontological resource invento-
ries throughout the National Park Service. Thematic
inventories focus on one category of fossils, for ex-
ample fossil plants, and attempt to locate which units
of the National Park Service preserve these specific
resources. The first thematic resource inventory ac-
complished involved a servicewide survey of fossil
vertebrate tracks occurring in NPS units (Santucci et
al., 1998). This report constitutes a thematic paleon-
tological resource inventory of fossils associated with
National Park Service caves.

Thematic paleontological resource inventories
present many challenges to undertake. Seldom are
there easily searchable sources of information that
compile this specific resource information for the
parks. Typically, these labor-intensive inventories in-
volve searches of individual park records and museum
collections, along with searches of outside institutions
and museum repositories. Phone and electronic mail
interviews with park staff and scientists also helped to
elucidate information. These thematic inventories also
serve to uncover information that is often not pub-
lished or documented, and frequently lost.

The data compiled through the thematic paleon-
tological resource inventories sometimes inspires fur-
ther scientific research and helps to link specialists with
park staff. More typically the new information in-

creases park management’s awareness of the scope
and significance of fossils within their parks, and in
turn promotes increased levels of protection and in-
terpretation.

THE SIGNIFICANCE OF
PALEONTOLOGICAL RESOURCES

ASSOCIATED WITH CAVES

s aresult of this servicewide inventory of pa-

leontological resources associated with Na

ional Park Service caves, a number of sig-

nificant observations were noted. Caves provide op-

portunities for, or conditions conducive to, the expo-

sure and/or preservation of fossils. Although caves

have long been recognized by paleontologists as valu-

able sources for fossils, there has been little research
related to taphonomy and caves.

One of the most obvious features shared by both
karst and non-karst caves, including caverns, fissures,
fractures, shelters, tubes, and other rock cavities, is
that they all provide windows into rock units. Insome
cases, a cave may provide the best or only exposure
of'a subsurface geologic unit. Likewise, fossils pre-
served in a cave-forming rock unit may in turn be-
come exposed through cave-forming processes.

The relatively constant temperature, humidity, and
other environmental conditions often associated with
caves are conducive to long-term preservation of or-
ganic material. The reduction or absence of direct
sunlight in caves ultimately reduces the adverse effects
of radiation on fossil remains. Fossils within caves are
typically sheltered, to some degree, from the forces of
weathering and erosion. In a few rare cases, foot-
prints and claw marks are preserved in cave dust and
sediments exposed on the cave floor for thousands of
years. The ancient remains may be transported into
inaccessible cavities that can provide refuge from tram-
pling, scavenging, scattering, or other disturbances.

Within caves in arid regions, where humidity is
usually very low, preservation of remains can occur
through desiccation or mummification. This scenario
enables the preservation of soft tissues, hair, dung, and
other remains that normally decay rapidly. Caves in
humid regions may contain mineral-rich waters that
aid in preservation of fossil material.
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Caves sometimes preserve deposits of ancient
dung. Occasionally these deposits are stratified. Dung
deposits often yield extremely valuable information for
paleontological research and paleoenvironmental re-
construction. Fossilized dung from herbivores may
contain pollen and plant fragments that indicate both
diet and past floral assemblages. Carnivore and rap-
tor scats or pellets may contain the remains of
microvertebrates or insects. Dr. Paul Martin (written
communication, 1975) reported that of the 10 caves
known worldwide that contain sloth dung, six of these
caves are within national parks of the United States
(two in Grand Canyon National Park and four in
Guadalupe Mountains National Park).

Although the fossil record of bats is extremely lim-
ited, large collections of fossil bats have been recov-
ered from Pleistocene and Holocene cave deposits.
Caves obviously provide the most important localities
for preservation of cave-dwelling organisms, especially
bats. The small and delicate bones of bats are almost
unknown from environments outside of caves.

The occurrence and accumulation of Pleistocene
and Holocene fossils present some interesting
taphonomic interpretations. Fossil remains can accu-
mulate in caves as organisms die in the cave or are
transported into the cave. The mechanisms of trans-
port can be attributed to the behavior of other organ-
isms or a variety of sedimentary processes. Collec-
tions of fossil mammals are often associated with fea-
tures called natural traps. These animals fall into and
become trapped in these openings in the ground sur-
face. Raptors and predators frequently transport prey
species into caves and generate accumulations of
bones. Neotoma (woodrat), also referred to as
packrats, are responsible for the redistribution of fos-
sil material in the building and dismantling of their nests
in caves and shelters. These accumulations of bones
and plant material, called middens, are important
sources of paleontological data for researchers. Emslie
(1998) presents a discussion of cave taphonomy and
the composition of vertebrate fossil assemblages.

Fossils recovered from stratified deposits in caves
can yield successional and paleo-biogeographic data.
Stratified cave deposits sometimes provide sequences
of microvertebrate remains that show successional
relationships relative to glacial advance and retreat
during the ice ages. The transition of boreal and tem-

perate species assemblages in the stratified cave de-
posits has been interpreted as periglacial displacement
during the Pleistocene (Guilday and Hamilton, 1978).
Occurrences of extralimital species, species that are
outside of their normal biogeographic range, can pro-
vide significant information about past changes in cli-
mate, habitat, species distribution, or behavior.

Normally, most caves have a relatively short life
span. Data available from paleontological resources
can yield information regarding the cave’s longevity
and may aid in reconstruction of the cave history. Simi-
larly, fossils found in association with archeological
resources can provide archeologists with valuable in-
formation.

PROTECTION OF PALEONTOLOGICAL
RESOURCES WITHIN
NATIONAL PARK SERVICE CAVES

uring this thematic paleontological resource
D inventory, thirty five units of the National Park

Service were identified with paleontological
resources associated with cave/karst resources (Fig-
ure 1). Presumably, over time additional paleonto-
logical resources will be identified in association with
park caves.

Generally locality information and other data re-
lated to paleontological and cave/karst resources data
are considered sensitive. Specific locality information
and the names of certain caves are not provided in this
report. Federal laws and National Park Service regu-
lations and policies support restricted access to sensi-
tive natural and cultural resource localities.

There are a number of documented incidents
where paleontological resources within NPS caves
have been stolen or vandalized. Perhaps the best-
known example of paleontological resource loss in a
NPS cave occurred at Rampart Cave, Grand Can-
yon National Park. In 1976, the extensive fossilifer-
ous dung deposits were almost completely destroyed
by a human-caused fire. Recent work by Mary Car-
penter (Northern Arizona University) reveals some
bone material survived the devastating fire.

We believe that a strong resource protection mes-
sage should accompany this report. Our goal is to
help promote responsible stewardship of nonrenew-
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Amistad National Recreation Area

Arches National Park

Bering Land Bridge National Preserve

Big Bend National Park

Bighorn Canyon National Recreation Area
Buffalo National River

Canyon de Chelly National Monument
Carlsbad Caverns National Park

Cedar Breaks National Monument
Channel Islands National Park
Chicamauga/Chattanooga National Military Park
Colonial National Historical Park
Coronado National Memorial

Craters of the Moon National Monument
Cumberland Gap National Historical Park
Glen Canyon National Recreation Area
Grand Canyon National Park

Great Basin National Park

19
20
21

24

26
27

29
30
31
32
33

35

UNITED STATES

Guadalupe Mountains National Park
Haleakala National Park

Jewel Cave National Monument
Lake Mead National Recreation Area
Lava Beds National Monument
Mammoth Cave National Park
Natchez Trace Parkway

Natural Bridges National Monument
Oregon Caves National Monument
Ozark National Scenic Riverway
Russel Cave National Monument
Sequoia/Kings National Park
Timpanogos Cave National Monument
Valley Forge National Historical Park
Wilson’s Creek National Battlefield
Wind Cave National Park

Yellowstone National Park

Ficure 1. Map identifying National Park Service units referenced in this paper that contain paleontological
resources associated with caves.
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able cave fossils. This can be accomplished through
management of fossils i sifu within caves or through
strategic sampling techniques that minimize adverse
impacts to other resources.

AMISTAD NATIONAL RECREATION AREA

mistad National Recreation Area (AMIS) is
A;a reservoir on the Rio Grande River. The site

is managed under a cooperative agreement
with the International Boundary and Water Commis-
sion.

Cueva Quebrada and Conejo Shelter are two
caves located within Amistad National Recreation
Area. Cueva Quebrada is a small cave measuring
approximately 30 feet (9 meters) by 15 feet (5 meters)
located on the north side of a small tributary canyon of
the Rio Grande. Cueva Quebrada is immediately east
of the larger Conejo Shelter, which has been the focus
of archeological excavations. A number of strati-
graphic layers have been identified within Cueva
Quebrada. Layer I, the surface of the cave, consists
of a white limestone dust with no bones or archeologi-
cal artifacts. Layers II through IV are made up of
brown and gray limestone dust, receiving its colora-
tion from the varying amounts of charcoal in the dust.
Layer V is similar to the above layers, but has a light
yellow color. Faunal remains are found in layers II
through I'V.

A wide variety of taxa have been described from
within Cueva Quebrada. The described taxa include
an unidentifiable chiropteran, Spilogale sp. (spotted
skunk), Mephitis mephitis (striped skunk), Canis sp.
(dog), Urocyon cinereoargenteus (gray fox),
Bassariscus cf. astutus (ringtail cat), Arctodus simus
(short-faced bear), Ammospermophilus interpres
(Texas antelope squirrel), Thomomys bottae (Botta’s
pocket gopher), Pappogeomys castanops (Mexican
pocket gopher), Perognathus sp. (pocket mice),
Baiomys taylori (northern pygmy mouse),
Onychomys leucogaster (northern grasshopper
mouse), Peromyscus sp. (deer mice), Neotoma sp.
(packrats), Sylvilagus sp. (cottontails), Lepus cf.
californicus (black-tailed jackrabbit), Equus cf. scotti
(horse), Equus francisci (horse), cf. Camelops
(camel), Navajoceros fricki (American mountain

deer), Stockoceros sp. (antelope), and Bison sp (bi-
son). (Lundelius, 1984).

Lundelius (1984) reports three radiocarbon dates
(one from charcoal and two from wood) from layers
yielding bone fragments. The dates yielded from the
samples were 12,280 years B.P., 13,920 years B.P.
and 14,300 years B.P., indicating a Late Pleistocene
assemblage. The fauna exhibits an interesting
taphonomy. Much of the bone is burned, often to
such a degree as to remove all organic material and in
some cases plastically distorting the bone (Lundelius,
1984). This burning of the material seems to indicate
human activity in the cave, although evidence of butch-
ering and fire pits is not prevalent (Lundelius, 1984).

ARCHES NATIONAL PARK

rches National Park (ARCH) was established
Ao preserve the extraordinary products of ero-
ion including arches, windows, pinnacles,
pedestals, and other landforms in southeastern Utah.

Within Arches National Park is a rock shelter
known as Bison Alcove. Bison Alcove is a large south-
facing dry rock shelter carved into the Jurassic Entrada
Sandstone. The entrance to the shelter is approxi-
mately 33 feet high by 72 feet long (10 meters high by
22 meters long) (Mead et al., 1991). While much of
the interior is taken up by large roof spall boulders,
which have fallen from the ceiling, approximately 43
feet (13 meters) of horizontal distance can be traveled
with relative ease.

Neotoma (packrat) middens are common
throughout Bison Alcove and contain Pleistocene-age
needles from Pinus flexilis (limber pine),
Pseudotsuga menziesii (Douglas fir), and Ceratoides
lanata (winterfat) (Mead et al., 1991; Sharpe, 1991).
The most abundant large mammal remains in Bison
Alcove are those of Ovis canadensis (bighorn sheep)
(Meadetal., 1991). The remains include a horncore
with sheath and a number of additional skeletal re-
mains and fragments. Based on the number of sacra
found, at least two individuals are represented at the
locality. Charring and fragmentation of some remains
provide evidence for human interaction (Mead et al.,
1991). In addition, Bison bison (bison) remains were
found in the alcove. These remains represent at least
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one individual, possibly a young adult based on size of
the recovered remains. The remains include a
hornsheath (apparently part of an artifact) as well as
additional skeletal remains, and one keratin hoof.
These do not show evidence of butchering. Radio-
carbon analyses yield dates of 1405-1420 A.D. and
1535-1605 A.D. (Mead etal., 1991). All specimens
are curated in the National Park Service repository at
Northern Arizona University.

A mammoth mandible was discovered in a sepa-
rate, shallow alcove in the park (Figure 2). No addi-
tional mammoth remains have been reported. The
mandible is currently curated into the National Park
Service collections of the Southeast Utah Group (S.
Duffy, personal communication, 2001).

Ficure 2. Mammoth mandible discovered in a shallow
alcove at Arches National Park, Utah.

BERING LAND BRIDGE
NATIONAL PRESERVE

was established to preserve a remnant of the

land bridge that once connected Asia with
North America more than 13,000 years ago. The
Preserve has an abundance of both archeological and
paleontological resources. The area has been desig-
nated as a National Historic Landmark.

Within Bering Land Bridge National Preserve is
an assemblage of caves referred to as the Trail Creek
Caves. There are many caves in the Trail Creek area,
which range from small solution cavities to some shel-
ters large enough for human occupation. The features
are found within a 300 foot (91 meters) tall limestone

B ering Land Bridge National Preserve (BELA)

escarpment along the ephemeral Trail Creek. The lime-
stones along Trail Creek are part of a Cambrian-Or-
dovician unit dominated by marble and quartz-graph-
ite schist. Recrystallized radiolarians can be found lo-
cally and Ordovician conodonts have been obtained
from the upper part of the unit.

The Trail Creek Caves have been the subject of
much archeological interest with sites dating from the
early Holocene (9,100 years B.P.) to very recent times
(100 years B.P.). Helge Larsen excavated 13 caves
in 1948 during archeological inventories of the caves.
Subsequent archeological excavations have revealed
paleontological resources in association with the cul-
tural resources. Preliminary excavations of five caves
yielded 2,581 bone fragments (Vinson, 1988). The
remains represent taxa that range from the Late Pleis-
tocene through the Recent. Mammalian fauna include
Lemmus, Microtus, Sorex (shrew), Spermophilus,
Lepus, Vulpes, Equus, Ursus, Rangifer, and
Mammuthus (Vinson, 1988). Rangifer (caribou)
remains are common in the caves and probably are
relatively recent in age (Schaaf, 1988; Vinson, 1988).
Vulpes (fox), Spermophilus (ground squirrel), and
Lepus (hare) remains are also common (Vinson,
1988). Ursus (brown bear), Ovis (sheep), Equus,
Bison, and Mammuthus (mammoth) specimens are
rare, often represented by only a few bone fragments
(Vinson, 1988). Avian remains are also rare. A
Mammuthus scapula was radiocarbon dated to ap-
proximately 11,360 years B.P. A Mammuthus ver-
tebral column yielded a radiocarbon date of approxi-
mately 14,270 years B.P. (Vinson, 1988). Worked
bison and horse bone from the cave site has been dated
to 15,750 years B.P. (Kurtén and Anderson, 1980).
The sheep, bison, and horse remains may date to the
late Pleistocene or Holocene (Schaaf, 1988). Some
of the faunal remains may have been introduced into
the caves by predators or by humans (Schaaf, 1988).

BIG BEND NATIONAL PARK

to preserve the desert and mountains within
the great bend of the Rio Grande River. The
Park was established as a Biosphere Reserve in 1976.
Significant Cretaceous and Early Tertiary fossil plant

B ig Bend National Park (BIBE) was established
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and vertebrate localities are preserved in the Park.
Paleontological research has been conducted in the
Park since the 1930s.

Many of the Cretaceous limestones of Big Bend
are cavernous, notably the Upper Cretaceous Santa
Elena Formation. The caves generally are small in
size and somewhat inaccessible.

In the Chisos Mountains there is an important pa-
leontological locality within Mule Ears Peak Cave. This
cave is formed within a cluster of Tertiary intrusive
dikes associated with the Chisos Formation. In 1933,
Mule Ears Peak Cave #1 was excavated by Frank
M. Setzler from the U.S. National Museum (D.
Corrick, personal communication, 2001). The remains
of twenty-seven Gymnogyps californianus (Califor-
nia condor) were collected during the excavation.
Radiocarbon analysis of condor material from Mule
Ears Cave yielded a date of 12,580 years B.P. (Emslie,
1987).

A cave survey is currently underway at Big Bend
National Park. This survey is designed to more fully
document both the paleontological and archaeologi-
cal resources within the caves of Big Bend (D. Corrick,
personal communication, 2001).

BIGHORN CANYON
NATIONAL RECREATION AREA

ighorn Canyon National Recreation Area
B (BICA) encompasses approximately 120,000

acres (486 square kilometers) within the Big-
horn Mountains of north-central Wyoming and south-
central Montana. The northwestern trending Bighorn
Mountains consist of over 9,000 feet (2,743 meters)
of sedimentary rock. The Mississippian Madison
Limestone is a 705 to 740 foot (215 to 226 meters)
thick marine unit that is well exposed in the recreation
area. The Madison Limestone is highly fossiliferous
and contains a diversity of marine invertebrates includ-
ing horn corals, bryozoans, brachiopods, molluscs,
snails, gastropods, lithopods, and crinoids (Santucci
etal., 1999).

Numerous caves have been documented within
the Madison Limestone in the Bighorn Mountains.
Bighorn Cavern and Natural Trap Cave (located just
outside of BICA) are two of the more well known

caves formed in the Madison Limestone. Bighorn
Cavern is approximately 12 miles in length (19 kilo-
meters) and may be the longest cave in Montana,
Wyoming, and Idaho. Bighorn Cavern is located on
Little Mountain near the north end of the Bighorn
Mountains in the national recreation area. Corals,
clams, and brachiopods are found within the walls of
Bighorn Cavern as part of a 350 million year old reef
(Chadwick, 1999). The cavern has a sinkhole type
entrance with a debris pile that could likely contain
paleontological resources (J. Staebler, personal com-
munication, 2001).

Additional information on Natural Trap Cave can
be found in the section on Caves Near National Park
Service Areas at the end of this paper.

BUFFALO NATIONAL RIVER

to preserve one of few remaining unpolluted,

free-flowing rivers in the lower 48 states. The
National Park Service manages a 135 mile (217 kilo-
meter) stretch of the river that includes multi-colored
bluffs and numerous springs.

There are approximately 300 caves within Buf-
falo National River ranging in size from small shelters
to caverns with passages over 12 miles (19 kilome-
ters) in length (C. Bitting, personal communication,
2001). Caves are formed in many of the fossiliferous
Paleozoic formations within the park. The Middle
Ordovician Everton Formation is a 250-350 foot (76-
107 meters) thick sandstone unit cemented by car-
bonate cements. Localized alternating beds of dolo-
mite, limestone, and sandstone are present in the for-
mation (McFarland, 1988). Stromatolites have been
reported in the Everton Formation (C. Bitting, per-
sonal communication, 2001).

Crinoid fossils are known from a number of lime-
stones in the park including the Ordovician Fernvale
and Kimmswick formations, the Silurian St. Claire
Formation and the Mississippian St. Joe Formation
(McFarland, 1988). The Mississippian Boone For-
mation is quite fossiliferous containing corals, bryozo-
ans, blastoids, crinoids, and occasional shark’s teeth
(C. Bitting, personal communication, 2001). The Mis-
sissippian Pitkin Formation and the Pennsylvanian Hale

B uffalo National River (BUFF) was established
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Formation preserve the bryozoan Archimedes,
crinoids, and the ammonite Goniatites (C. Bitting,
personal communication, 2001). The Pennsylvanian
Bloyd Formation has the ancient plant Lepidodendron
and the Pennsylvanian Atoka preserves a variety of
fossil plants (C. Bitting, personal communication,
2001).

Conard Fissure is a limestone fissure-fill feature in
the Boone Limestone of the Ozark Mountains. Al-
though the fissure is approximately a quarter-mile (0.4
kilometer) north of Buffalo National River, there is high
potential for similar fissures to exist within the park
boundary. The fissure is an important Pleistocene
(Irvingtonian) locality, producing a large vertebrate
fauna, similar to those described from Cumberland
Cave, Maryland and also Port Kennedy Bone Cave
in Valley Forge National Historical Area (see section
on Valley Forge National Historic Park in this paper).
Additional information about Conard Fissure can be
found in the section on Caves Near National Park
Service Areas at the end of this paper.

Ursus Tomb, located about 6 miles (10 kilome-
ters) north of Conard Fissure, is a 140 foot (43 meter)
deep pit within Buffalo National River. The pit is the
only known cave at BUFF that preserves a bear skel-
eton (Figure 3) (C. Bitting, personal communication,
2001).

CANYON DE CHELLY
NATIONAL MONUMENT

was established to preserve a scenic canyon

of sheer red cliffs with caves containing the
remains of American Indian villages built between 350
and 1300 A.D. Today Navajos live and farm in the
canyon. The remains of a mylodontid are reported
from a cave in Canyon de Chelly National Monument
(Lindsay and Tessman, 1974; Harris, 1985).

Canyon de Chelly National Monument (CACH)

CARLSBAD CAVERNS NATIONAL PARK

arlsbad Caverns National Park (CAVE) was
‘ established to preserve a series of connected
caverns, which contain one of the world’s larg-
est underground chambers. The park contains 94

Ficure 3. Bear skeleton preserved Ursus Tomb at Buf-
falo National River, Arkansas.

known caves consisting of over 136 miles (219 kilo-
meters) of passages and rooms. The park includes
the deepest (Lechuguilla) and third longest cave
(Carlsbad Cavern) in the United States (Vequist,
1997).

The geology of Carlsbad Caverns is very similar
to nearby Guadalupe Mountains National Park (Hayes,
1964). Hill (1987) provides an excellent review of
the geology of Carlsbad Cavern. Karst features have
developed primarily in the Permian Capitan Limestone,
with some cavern formation in the Artesia Group lime-
stones. The Capitan Limestone is an enormous reef
consisting of a framework of algae, sponge, and bryo-
zoan fossils supporting a matrix of unbedded fine-
grained limestone. This barrier reef formed around
the perimeter of the Delaware Basin during the Per-
mian, continuing for over 300 miles (483 kilometers).
The back-reef limestones of the Permian Artesia Group
(including the Tansill, Yates, and Seven Rivers For-
mations) are prominently bedded and contain a high
percentage of locally eroded silt as well as gypsum
(A. Palmer, 1995b).

Unlike many other caves that are formed through
dissolution of limestone by carbonic acid from surface
sources, Carlsbad Caverns was dissolved chiefly by
sulfuric acid. This sulfuric acid was created when hy-
drogen sulfide rising from depth reacted with oxygen
near the water table (A. Palmer, 1995b).

The cave-forming limestones in the park contain a
rich assemblage of marine invertebrate fossils. Some
of the limestones within the reef contain such an abun-
dance of fossils these zones have been referred to as
“fossil hash”, or coquina. Algae, sponges, and bryo-
zoans are abundant throughout the reef. Fusulinids,
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brachiopods, scaphopods, cephalopods, and crinoids
are documented from the Permian limestones in the
park (Black, 1953). Two species of trilobite have
been identified at Carlsbad Caverns. A fine specimen
of the trilobite Anisopyge perannulata is exposed near
the elevator lobby at the park.

Rocks near the entrance to Carlsbad Cavern
yielded the largest fossil sponge yet known from the
Permian (Vequist, 1997). Dr. Kevin Rigby (Bringham
Young University) discovered and described a num-
ber of new fossils from the park that are not previ-
ously known from the Permian of North America.

A large diversity of Pleistocene/Holocene verte-
brates have been documented from the caves within
Carlsbad Caverns National Park. Fossil remains are
known primarily from Carlsbad Cavern, Lechuguilla
Cave, Slaughter Canyon Cave, and Musk Ox Cave.
Thirty-six species have been identified from the park
caves including 16 species representing now extinct
or locally extirpated taxa. Pleistocene shrub oxen,
pronghorn, an extinct cheetah-like cat, mountain goat,
dire wolf, shrew, marmot, horse, an extinct vulture,
and numerous other vertebrates are among the bones
found in the cave and identified by Lloyd Logan and
other Smithsonian Institution personnel.

Many species of fossilized bats, a Pleistocene jag-
uar, and recent mountain lion bones have been dis-
covered in Lower Cave and the Big Room within
Carlsbad Cavern (Baker, 1963). The location of these
bones indicate that the animals could not have entered
the cave through the present-day entrance.

The remains of a juvenile ground sloth
Nothrotheriops shastensis (Shasta ground sloth) were
discovered in Lower Devil’s Den of Carlsbad Cavern
in 1947. Disarticulated ribs, vertebrae, and foot bones
were identified by paleontologist C. Gazin
(Smithsonian) in 1948. Additional juvenile ground sloth
bones were collected from the same location in 1959
and believed to be part of the same individual. Ura-
nium series dating of the bone material provided a date
of approximately 111,900 years B.P. (Hill and Gillette,
1987). Although the remains of ground sloths are
known for nearly two million years in the American
southwest, the Carlsbad specimen has provided the
oldest absolute date for any sloth material. Further,
the sloth remains provide the oldest absolute date for
any vertebrate remains from the Guadalupe Moun-
tains (Hill and Gillette, 1987).

Fossil vertebrates are reported from Lechuguilla
Cave. During January 1988, members of the
Lechuguilla Cave Project expedition discovered an
articulated and extensively calcified small mammal skel-
eton. The skeleton was identified by Pat Jablonsky as
Bassariscus astutus (ringtail cat) (P. Jablonsky, per-
sonal communication, 1993).

Fifteen complete or partial bat skulls were col-
lected from Lechuguilla Cave between December 1990
to January 1991. These bat bones date to less than
10,000 years B.P. Ten other bat specimens were left
in the cave due to either the fragility of the skeletons or
their cementation to formations. Four species consti-
tuting three genera were collected and identified. All
of these specimens were members of the family
Vespertilionidae. One of the species, Lasiurus
cinereus (hoary bat) is not commonly found in caves.
Plecotus townsendii (western big-eared bat) prefers
shallow gypsum caves or roosts in entrances of caves
or mines. Myotis volans (long-legged bat) prefers rock
crevices or trees. Myotis leibii (small-footed myotis)
was the most abundant inhabitant of Lechuguilla Cave.
Interestingly, Myotis leibii has not been found at
Carlsbad Cavern which is three miles southeast of
Lechuguilla Cave.

The extinct species of bat Tadarida constantinei
(Constantine’s free-tailed bat) is known only from
Slaughter Canyon Cave (New Cave). The remains of
Navahoceros fricki (mountain deer) and other verte-
brates have also been collected and identified from
Slaughter Canyon Cave.

An important vertebrate fauna has been reported
from Muskox Cave (Logan, 1977, 1979). The fossil
material represents an assemblage of Late Pleistocene
vertebrates that apparently died after being trapped in
a large sinkhole. This modern cave was apparently
first discovered and entered in 1954. A small group,
led by Park Ranger Patterson, collected a number of
bones from within Muskox cave during this first re-
ported entry. This material was examined by paleon-
tologist Lewis Gazin who identified the remains of a
horse, a small artiodactyl, a bovid, a large dog, and a
bobcat-like cat. The cave was revisited in February
1969 by a small group led by Park Naturalist
Bullington. Bullington prepared a trip report detailing
the visit to Muskox Cave and reported “literally thou-
sands of small disassociated bones.” A few fossil ver-
tebrates were collected from the cave and forwarded
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to paleontologist Ernest Lundelius, at the University of
Texas, Austin. Dr. Lundelius identified the remains as
a shrubox (possibly Euceratherium), a horse, and a
small antelope (Logan, 1979).

In November of 1975, members of the Cave Re-
search Foundation began mapping Muskox Cave. The
mapping continued into 1976 with to the discovery of
numerous new passages. During this mapping project,
a skull and associated skeleton was found in a small
pool at the base of a breakdown slope in a virgin pas-
sage. A second skull was found embedded in the
floor of the cave near the pool (Logan, 1977, 1979).
These discoveries prompted another trip into Muskox
Cave in March 1976, led by NPS Cave Resources
Specialist Ronal Kerbo. Kerbo photographed the
skulls and skeleton, later identified as Euceratherium
cf. sinclairi (bush ox) and dire wolf (Figure 4). Other
skeletal remains were observed during this trip includ-
ing elements identified as Equus, Bassariscus,
Spilogale, and Neotoma. A joint field party from the
Smithsonian Institution, Texas Tech University, and the
National Park Service spent ten days during July 1976
collecting the skeleton in the pool and other verte-
brates from the cave (Logan, 1979). A follow-up trip
collecting trip was undertaken in April 1977. Jass
and others (2000) report on an Oreamnos harringtoni

(Harrington’s Mountain Goat) from Muskox Cave.

Ficure 4. Skull and skeleton of a shrubox
(Euceratherium cf. sinclairi) from Musk Ox Cave in
Carlsbad Caverns National Park, New Mexico.

CEDAR BREAKS NATIONAL MONUMENT

established to preserve a huge natural amphi

theater eroded into the variegated Pink Cliffs
ofthe Claron Formation in south-central Utah. The
Claron is Eocene/Paleocene in age (previously assigned
to the Wasatch Formation) and consists of red, or-
ange, and white fluvial and lacustrine beds eroding into
cliffs and hoodoos. The beds alternate between sandy
limestone and calcareous sandstone. Although this
unit is poorly fossiliferous, rare pelecypod and gastro-
pod fossils are preserved (Hatfield et al., 2000). The
basal part of the Claron is a 65 foot (20 meters) thick
limestone bed that locally contains shallow caves, sink-
holes, and springs (Hatfield et al., 2000). Arch Springs
Cave is formed in this basal limestone bed.

Arch Springs Cave is the only known cave at
Cedar Breaks National Monument (S. Robinson, per-
sonal communication, 2001). An amateur group initi-
ated a preliminary survey of the cave during the 1970s,
but the survey was not completed due to a lack of
proper equipment. Thus, very little is known about
this cave (S. Robinson, personal communication,

2001).

Cedar Breaks National Monument (CEBR) was

CHANNEL ISLANDS NATIONAL PARK

hannel Islands National Park (CHIS) consists
‘ of five islands off southern California including

Anacapa, San Miguel, Santa Barbara, Santa
Cruz, and Santa Rosa. The islands provide habitat
for nesting birds, sea lion rookeries, and unique plant
communities.

The geologic history of the Channel Islands is quite
complex and extends back over 160 million years (D.
Palmer, 1995). The islands geologic record reveals
extensive volcanism and sedimentation during the Mi-
ocene. The Blanca Formation consists of Miocene lava
flows, breccias, and pyroclastic flows which measure
to nearly 1,400 feet (427 meters) thick in some areas
(D. Palmer, 1995). The Monterey Formation con-
sists of Miocene continental shelf deposits with some
volcanic beds (Beecher Member).

There are both sea caves and terrestrial caves
formed within the Channel Islands. There are over
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380 sea caves documented in the island chain (Kiver
and Harris, 1999). The Anacapa Islands alone have
135 documented sea caves. The sea caves form pri-
marily in the uplifted Blanca Formation. Some of'the
sea caves are extremely large. Painted Cave, on Santa
Cruz Island, may represent the world’s longest sea
cave recorded at over 1,215 feet (370 meters) long
and nearly 130 feet (40 meters) tall (Kiver and Harris,
1999). The terrestrial caves form in the sedimentary
deposits.

The paleontological resources of CHIS have been
documented from a number of the islands. Extensive
Pleistocene assemblages of foraminifera, corals,
bivalves, gastropods, and ostracodes have been re-
ported from Santa Barbara Island (Lipps et al., 1968).
Vertebrate remains on the island include mammoth,
Haliaeetus leucocephalus (bald eagle) and Zalophus
sp. (sea lion) (Lipps et al., 1968). In 1988, the re-
mains of the extinct Desmodus stocki (vampire bat)
were recovered from an archeological site on San
Miguel Island. The material from the site containing
the vampire bat dated to no older than 5,000 years
B.P, perhaps representing the youngest record for this
extinct species (Ray et al., 1988). Nine paleobotani-
cal taxa have been reported from Santa Cruz Island,
ranging from fossil logs to microscopic seeds (Chaney
and Mason, 1930).

The Channel Islands contain the remains of the
only island dwelling pygmy mammoths (Mammuthus
exilis) in the world (Agenbroad and Morris, 1999).
During the Pleistocene (Rancholabrean) mainland
mammoths (Mammuthus columbi) colonized the is-
lands. Atthe end of the Pleistocene, with glacial melt-
ing and eustatic sea level rise, the terrestrial portions
of the islands were reduced in size. The diminished
range and resources resulted in an approximately 50%
decrease in size of the mammoth. The remains of
pygmy mammoths have been found on San Miguel,
Santa Rosa, and Santa Cruz Islands (Stock and Fur-
long, 1928; Stock, 1935; Agenbroad and Morris,
1999).

While the paleontological resources are known
from throughout the various islands, there have been
no formal inventories of resources in the caves of
Channel Islands. However, because of the wide range
of fossil material present on the islands, the caves may
preserve some of the paleontological record of the

Channel Islands. Many of the terrestrial caves have
deep debris deposits and may house paleontological
material (D. Morris, personal communication, 2001).
In addition, some of the caves may be developed
within fossiliferous formations. Public access has been
limited to Santa Rosa and Santa Cruz islands, which
were privately owned until recently. Access to San
Miguel Island is also limited to protect visitors from
unexploded naval ordinance.

CHICKAMAUGA / CHATTANOOGA
NATIONAL MILITARY PARK

( j hickamauga/Chattanooga National Military
Park (CHCH) spans the Georgia-Tennessee
border. The park was established to preserve

amajor Confederate victory on Chickamauga Creek

in Georgia on September 19 and 20, 1863. This battle
was countered by Union victories at Orchard Knob,

Lookout Mountain, and Missionary Ridge in Chatta-

nooga, Tennessee, between November 23-25, 1863.
Nine caves have been documented at

Chickamauga/Chattanooga National Military Park.
Many caves are cut into the limestones associated with
Lookout Mountain, some of which have entrances
outside park boundaries, however, the subsurface fea-
tures of the caves may extend into the Park. The
Bangor Formation (Mississippian) and Mont Eagle
Formation are two Paleozoic limestones exposed in
the park. The Mont Eagle Formation contains nu-
merous Paleozoic invertebrates (D. Curry, personal
communication, 2001). Both formations are promi-
nent throughout the park and contain numerous large
pits.

Two caves, Kitty City and 27 Spider, are solution
caves in the Cumberland Plateau Cave Area. Kitty
City Cave has casts of big cat paw prints and claw
marks on the walls. Preliminary assessment of the
fossil remains suggests the cats apparently fell into the
pit, attempted to climb out, and subsequently died.
27 Spider Cave is located three miles (5 kilometers)
north/northeast of Kitty City Cave and is the longest
cave in the park with a 1,000 foot (305 meter) pas-
sage. The lower part of the cave was mapped by the
National Speleological Society. Twenty-seven Spi-
der Cave contains a large cat skull and vertebral col-

11
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umn which are partially exposed in amud bank. There
are also felid canines exposed in the cave wall. In
1995, alarge oil spill in the park forced the closure of
all of the caves (D. Curry, personal communication,
2001).

COLONIAL NATIONAL HISTORICAL PARK

olonial National Historical Park (COLO) pre-
‘ serves two important historical sites in eastern

Virginia. These sites include Jamestown, the
first permanent English settlement, and Yorktown, the
scene of the culminating battle of the American Revo-
lutionin 1781.

Originally, a small natural cave feature formed in
cliffs through wave action along the coast. This natural
feature was then excavated to its current size in the
1780s to make a storage shelter. The cave was named
for Lord Charles Cornwallis, the British general de-
feated by Colonial and French forces in the Battle of
Yorktown in 1781 and who may have sought shelter
in the cave.

The cliffs at COLO are composed of a limestone
coquina. This coquina is comprised of sand-sized frag-
ments of mollusk shells, with lesser amounts of arthro-
pod, bryozoan, and echinoid fragments. Coquina,
however, is very susceptible to granular disintegration.
A National Park Service Mining Engineer estimates
that approximately five tons (4.5 metric tons) of co-
quina has crumbled off of the walls of the excavation
during the past 210 years (P. Cloues, personal com-
munication, 1999). One possible cause of the disinte-
gration may be the differential dissolution of the shell
fragments in the limestone. Most of the fragments are
composed of aragonite, which is more soluble than
calcite, which forms the remaining shells and cement.
Other causes of the deterioration of the cave include
natural freeze/thaw cycles, vegetation growth, and
human impacts.

The main cave entrance is currently barred by an
iron gate to prevent visitor entry. A second smaller
entrance is also sealed. Many suggestions for pre-
venting further collapse have been proposed, how-
ever, none of these have been implemented (D. DePew,

personal communication, 2001).

CORONADO NATIONAL MEMORIAL

oronado National Memorial (CORO), Ari-
‘ zona is a site commemorating the first Euro-

pean exploration of the Southwest, undertaken
by Francisco Vasquez de Coronado between 1540-
1542. The park is located near the area where
Coronado’s expedition entered into territory that even-
tually became the United States.

In 1992, a preliminary cave inventory was con-
ducted for National Park Service areas in the West-
ern Region (now Pacific-West Region). During this
inventory ten limestone/gypsum caves were identified
within Coronado National Monument. Two fossilif-
erous limestones, the Devonian Martin Formation and
the Permian Colina Formation, occur at Coronado that
may represent the units in which the caves have devel-
oped. The Martin Formation contains brachiopods
and coral. The Colina Formation contains gastropod
shells and sea urchin spines.

Resource inventories for each of the ten caves have
not yet been completed. However, geological sur-
veys and maps of three caves, Coronado Cave, Slick-
enside Cave, and Still Cave have been undertaken.
Two other caves in the park listed on the inventory,
Water Cave and Mesa Cave, have since been closed
and are no longer accessible. The remaining five caves,
Fly, No Name #1 (Road Cave), No Name #2 (Joe’s
Canyon Trail Cave), Hairpin Cave, and George’s Tank
Cave have been identified as potentially having geo-
logical, mineralogical, or paleontological significance,
but additional work on these caves has yet to be com-
pleted (B. Alberti, personal communication, 2001).

CRATERS OF THE MOON
NATIONAL MONUMENT

( j raters of the Moon National Monument
(CRMO) was established to preserve a vol-
canic lava field made up of at least 60 lava

flows and covers 618 square miles (1600 square ki-

lometers). The monument contains three recent lava
fields (Craters of the Moon, Kings Bowl, and Wapi
lava fields) while older flows comprise the land be-
tween and around them. All flow names are mapped
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as informal stratigraphic units. Flows in the Craters of
the Moon lava field range in age from about 15,000 to
2,100 years before present. Kings Bowl and Wapi
are both about 2,200 years old. Older flows within
the monument, surrounding the three young fields, are
Pleistocene in age (D. Owen, personal communica-
tion, 2001). In an effort to preserve all of the Craters
of'the Moon lava fields, as well as the entire Great Rift
zone, the monument was greatly expanded on 9 No-
vember, 2000, from approximately 53,000 to 754,862
acres (215 to 3055 square kilometers) (including state
and private in-holdings).

Caves at Craters of the Moon represent Pleis-
tocene or Holocene basaltic lava tubes (Figure 5). The
number of documented caves currently exceeds 170
and with further exploration and inventory a realistic
estimate of the number might exceed 600 (D. Owen,
personal communication, 2001). Along the Great Rift,
the volcanic rift zone in which the lava fields formed,
are additional cave features termed “fissure caves”.
These fissure caves are present in much fewer num-
bers that the lava tube caves. Some of these fissures
are quite sizeable, including one particular fissure that
may be passable to a depth of 650 feet (200 meters)
from the surface (J. Apel and D. Owen, personal com-
munication, 2001).

The earliest report of bone material within the lava
tubes dates to the 1880s. A variety of bovine-like
bones were collected from the lava tubes, but are too
fragmentary or poorly preserved for definitive identifi-
cation. A school group found some possible Bison
bison bones, which later turned out to be bovine, in

FiGURe 5. View from within Indian Tunnel lava tube at
Craters of the Moon National Monument, Idaho.

one of the lava tube caves now referred to as Buffalo
Cave. The remains of Ovis canadensis, including a
horn, have also been reported from the monument.
Packrat middens within the lava tubes contain bone
material including the remains of microtine rodents. An
Ursus arctos (grizzly bear) skull and femur were found
just south of the old monument boundary. These re-
mains were temporarily on display at CRMO but have
been returned to BLM (J. Apel and D. Owen, per-
sonal communication, 1998.).

In arare example of fossils preserved in igneous
rocks, dozens of tree mold impressions are preserved
in the basaltic flows and in lava tubes at Craters of the
Moon (Figure 6). These impressions were formed as
lava flowed around a fallen tree. The molds typically
show shrinkage cracks. Moisture in the wood may
have prevented incineration of the trees. Similar tree
molds are known from other NPS areas including El
Malpais National Monument, Hawaii Volcanoes Na-
tional Park, Lava Beds National Monument, and
Pu’uhonua o Honaunau National Historic Park.

CUMBERLAND GAP
NATIONAL HISTORICAL PARK

( j umberland Gap National Historic Park
(CUGA) is a mountain pass on the Wilder
ness Road explored by Daniel Boone. The

Gap was developed into a main artery of the great

trans-Allegheny migration for settlement of the “Old
West”. The Gap was also an important military ob-

FiGURE 6. Tree mold impression preserved in basaltic
lava at Craters of the Moon National Monument, Idaho.
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jective during the Civil War.

The Middle and Upper Mississippian Newman
Limestone, the Upper Mississippian Pennington For-
mation, and the Middle Pennsylvanian Lee Formation
are three fossil-bearing units exposed at Cumberland
Gap National Historic Park. The Newman Forma-
tion is a limestone unit composed mostly of the sand-
sized skeletal remains of marine organisms (skeletal
calcarenites). Complete fossils are uncommon in the
Newman due to the lack of horizontal bedding planes.
Caves have been found in the Newman, but are not
described in the park. The Pennington Formation is
composed predominantly of shale and represents ma-
rine and marginal-marine environments. Because it is
composed largely of soft shale, it is easily eroded and
covered. Hence it is rarely exposed at the surface,
however, lower parts of the unit contain marine fossils
like those found in the underlying Newman Limestone.
The Lee Formation is a coarse-grained, conglomer-
atic, cross-bedded sandstone representing the chan-
nels of an ancient braided stream. Although fossils
are rare in the Lee Formation a few fossil plants are
preserved. Petrified log jams have been found in these
ancient stream deposits (F. Ettensohn, personal com-
munication, 2001). A 4,600 foot (1,400 meters) road-
tunnel excavation through the Lee, Pennington, and
Newman formations in the park have yielded a few
plant and animal fossils which have not yet been iden-
tified (R. Collier and F. Ettensohn, personal commu-
nication, 2001).

GLEN CANYON
NATIONAL RECREATION AREA

len Canyon National Recreation Area
G (GLCA) includes 186-mile-long (300 kilo-

meter) Lake Powell, which was formed by
Glen Canyon Dam. GLCA includes more than one
million acres (>4,000 square kilometers) of rugged
canyon country on the Colorado Plateau in southern
Utah. Santucci (2000) provides a comprehensive
overview of paleontological resources from the recre-
ation area.

The Navajo Sandstone is widely exposed at Glen
Canyon National Recreation Area. The Navajois a
massive cross-bedded, eolian sandstone unit in which
alcoves commonly form (Anderson et al., 2000). A

large west-facing shelter formed in the Navajo Sand-
stone, named Bechan Cave (Figure 7), is an impor-
tant Pleistocene paleontological locality (Mead et al.,
1986a).

National Park Service personnel first entered
Bechan Cave in November 1982. During 1983, a
research team visited the cave (Davis et al., 1984).
An enormous organic layer, with a volume of approxi-
mately 390 cubic yards (300 cubic meters), domi-
nated by dung, was discovered in Bechan Cave (Fig-
ure 8). The name Bechan comes from the Navajo
word for “big feces” (Mead et al., 1986a). Remark-
ably good preservation enabled recovery of a few com-
plete boluses, which were used for plant and micro-
fossil paleoenvironmental analyses (Davis et al., 1984).
The majority of the dung in the cave was identified as
mammoth (probably Mammuthus columbi) based on
similarities to modern African elephants and differences
from Nothrotheriops shastensis dung. Other copro-
lites discovered in the cave include dung from rabbits,
rodents, mountain sheep or deer (Ovis canadensis or
Odocoileus sp.), Shasta ground sloth, and a large uni-
dentified artiodactyl (Mead et al., 1984). Six samples
of mammoth dung, and a number of plant fossils from
the dung were radiocarbon dated, producing an age
of occupation ranging from about 11,070 to 14,665
years B.P. (Mead et al., 1986¢c; Mead and Agenbroad,
1992).

The only skeletal evidence of a large mammal found
during Bechan Cave excavations is a tooth of
Euceratherium collinum (shrubox) (Mead and
Agenbroad, 1992). Quantities of hair are also pre-
served in the cave. The very coarse hair is nearly
identical to mammoth hair recovered from carcasses
in the permafrost of Alaska and Siberia (Mead et al.,
1986a). Other hair in the cave has been identified as
ground sloth, artiodactyl, Equus, and anumber of small
mammals (Davis etal., 1984). Remains of Scaphiopus
intermontanus (Great Basin spadefoot toad), S. cf.
bombifrons (Plains spadefoot toad), Pituophis
melanoleucus (gopher snake), Crotalus cf. viridis
(prairie rattlesnake), a grouse-sized bird, Brachylagus
idahoensis (pygmy rabbit), Marmota flaviventris
(yellow-bellied marmot), Spermophilus sp.,
Thomomys sp. (pocket gopher), Lagurus curtatus
(sagebrush vole), Microtus sp. (vole), and Neotoma
cinerea (bushy-tailed packrat) have also been found
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in the cave (Mead etal., 1993). Packrat activity has
produced middens in the cave, and it appears that
packrats have been active at the site for about 12,000
years (Davis etal., 1984).

In addition to Bechan Cave, nine other alcoves
and shelters have been studied in Glen Canyon and
summarized by Mead and Agenbroad (1992). BF
Alcove contains Pseudotsuga menziesii (Douglas fir)
needles and Acer spp. (maple) material associated
with dung from megafauna as large as Camelops.
Radiocarbon dating of two fir needles produced ages
of approximately 11,790 and 12,130 years B.P.
Grobot Grotto is a large alcove with 20 feet (6 meters)
of stratified eolian sand and roof spall with interspersed
layers of dung and leaf-litter. Numerous coprolite re-
mains were found at this locality. Dung samples were
radiocarbon dated directly yielding the following dates:
Mammuthus (28,290, and 26,140 years B.P.), Bi-
son (15,270 B.P.), and “Euceratherium’ (20,930 and
18,320 B.P.). The “Euceratherium’ notation indi-
cates a dung pellet morphology similar to that of

FiGure 7. Bechan Cave, Glen Canyon National Recre-
ation Area, Utah.

Ficure 8. Dung pellets in Bechan Cave, Glen Canyon
National Recreation Area, Utah.

Ovibos moschatus (living muskox) and Symbos (ex-
tinct muskox). Hooper’s Hollow is a wide alcove
upstream from Grobot. Laminated fluvial sediments
block much of the alcove, however, it is otherwise
similar to Grobot with eolian material and roof spall
accumulations. Radiometric dates were also obtained
from a packrat midden (13,110 B.P.), oak twigs
(10,630 and 12,010 B.P.), and Bison dung (18,840
B.P.). Mammoth Alcove is a medium sized shelter, on
a perched bedrock meander, with laminated lacus-
trine and fluvial sediments. Skeletal remains of a mam-
moth were recovered near the base of the sedimen-
tary sequence and was dated by Uranium/Thorium to
approximately 19,300 years B.P. Dung boluses of
Mammuthus (16,630 B.P.), Bison, and cf. Ovis were
also found in the alcove. Oak Haven is a small shelter
directly across from Mammoth Alcove that preserves
a stratified sequence of sediments. A near-surface
sample of Quercus gambelii (Gambel oak) (9,180
B.P.) and a lower sample of Rosa woodsii (Woods
rose) twigs (11,690 B.P.) provide radiocarbon dates
bracketing the layer containing dung of Mammuthus,
Bison, and “Euceratherium”. These megafaunal dung
deposits were not dated directly, but the material is
available for further work. Oakleaf Alcove is now
submerged under Lake Powell. Prior to its submer-
gence, the alcove was a site for a number of archaeo-
logical excavations during the 1960s. Unfortunately,
the site received considerable vandalism. Human co-
prolites have been reported and described from the
site. One bolus, tentatively identified as Equus, was
radiometrically dated to approximately 24,600 years
B.P. Withers Wallow, a small sandstone shelter with
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laminated fluvial and lacustrine sediments, was also
studied. Plant debris and dung of'cf. Ovis, Bison, and
Mammuthus were found. One fragment of mammoth
dung produced a radiocarbon date of approximately
12,010 years B.P. Cottonwood Alcove is a sand-
stone alcove visited during the late 1980s as part of an
archeological survey of the Anasazi peoples. Isolated
dung pellets (assigned to “Euceratherium’) from
Cottonwood Alcove were dated to about 12,510
years B.P. Withers Wallow and Cottonwood Alcove
have never been formally excavated. Shrubox Al-
cove contains laminated lacustrine and fluvial sediments
in addition to eolian and roof spall sediments. Dung
samples of “Euceratherium collinum”, Bison,
Oreamnos, Ovis, and Mammuthus have been iden-
tified from Shrubox Cave, but have not been dated.
A number of Quercus (oak) twigs were radiometri-
cally dated, yielding ages ranging from approximately
8,330 t0 23,100 years B.P.

GRAND CANYON NATIONAL PARK

rand Canyon National Park (GRCA) was es-
Glablished to preserve the world-famous Grand

Canyon of the Colorado River. The park en-
compasses 277 miles (446 kilometers) of the river,
with adjacent uplands, from the southern terminus of
Glen Canyon National Recreation Area to the eastern
boundary of Lake Mead National Recreation Area.
The canyon has been shaped by the forces of erosion
and river-cutting to expose Precambrian and Paleo-
Zoic strata.

The extensive Muav and Redwall limestones of
the Grand Canyon contain hundreds of caves and shel-
ters. Significant paleontological and archeological re-
sources are associated with many of these caves. The
earliest report of fossils from Grand Canyon caves
dates back to 1936 when NPS employee Willis Evans
located a rich cave deposit of late Pleistocene fossil
bones and sloth dung in Rampart Cave (Martin et al.,
1961).

The Cambrian Muav Limestone is part of the
Tonto Group and represents an off-shore marine unit.
Deep channels, carved by streams or marine scour,
developed in the upper portion of the Muav (Harris et

al., 1995). The Mississippian Redwall Limestone lies
unconformably on top of the Muav where the Devo-
nian Temple Butte Limestone is absent. The Redwall
is a bluish gray limestone stained red by water drip-
ping down from the overlying Supai and Hermit Shale
redbeds. Marine fossils within the Redwall are com-
mon and include bryozoans, brachiopods, and other
marine organisms. Chambered nautiloid fossils are a
recent discovery in the Redwall Limestone of the
Marble Canyon region (Harris et al., 1995).

In addition to the modern caves documented to-
day in the Grand Canyon, the Redwall Limestone also
contains evidence of caves formed during the Missis-
sippian and were subsequently filled with sediments.
Fossils have been reported from cave-fill deposits
within paleo-karst features formed within the Missis-
sippian (Osagean and Meramecian) Redwall Lime-
stone at Grand Canyon National Park (Billingsley et
al., 1999). These paleo-karst features were devel-
oped in the Mooney Falls and Horseshoe Mesa mem-
bers of the Redwall Limestone. The caves are be-
lieved to have formed during the Mississippian based
upon the age of the sedimentary cave fill and the asso-
ciated fossils. The cave fill deposits have been mapped
and identified as the Upper Mississippian (Chesterian)
Surprise Canyon Formation (Billingsley etal., 1999).
The Surprise Canyon Formation was originally de-
scribed by Billingsley and Beus (1985) and occurs
within erosional depressions, stream valleys, sinkholes,
and solution caves formed in the Redwall Limestone.
The Surprise Canyon Formation consists of a lower
fluvial unit and middle and upper marine units. Fossil
plant material, especially Lepidodendron logs, and
vertebrate bone fragments are common in the fluvial
facies. The marine component contains an abundance
of marine invertebrates including corals, bryozoans,
molluscs, brachiopods, trilobites, echinoderms, and
condonts (Beus, 1999).

Considerable research has been directed towards
packrat middens within the caves of Grand Canyon.
Today, there are eight species of Neotoma, all of which
collect seeds, leaves, flowers, twigs, bones, and other
small objects to incorporate into dens or nests (Mead,
1980). The packrats periodically clean their dens,
producing piles or middens of discarded material.
Repeated trampling and urination compact the midden
into a hard sometimes well-cemented accumulation of
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waste. The middens are quite durable, especially in
the arid Grand Canyon, where they date back more
than 30,000 years. This longevity provides an excel-
lent resource for paleoecological reconstruction of the
cave and the region around the cave.

MUAV LIMESTONE CAVES

Vulture Cave is a small limestone cave in the Spen-
cer Canyon Member of the Muav Limestone located
in the far western portion of Grand Canyon. Vulture
Cave consists of three major conduits that come to-
gether forming a large room. Fifteen packrat middens
and a Bassariscus astutus “refuse area” were col-
lected and examined from within Vulture cave. Forty-
seven plant taxa were identified from the middens, with
twigs and seeds of Juniperus sp. being the most abun-
dant identifiable plant fragment (Mead and Phillips,
1981). Bones and teeth of 37 vertebrate taxa were
also identified including one tortoise, eight species of
lizards, ten snake species, three bird species (also one
unidentified shell fragment and one member of the
Fringillidae), one shrew species, nine rodent species,
four artiodactyl species, and one carnivore species
(Mead and Phillips, 1981). The remains of
Lampropeltis pyromelana (Arizona mountain
kingsnake) represents the first Pleistocene find of the
snake in the Grand Canyon. The remains of
Trimorphodon biscutatus (lyre snake) found in Vul-
ture Cave represent the first record of the snake in the
Grand Canyon. Likewise, the Vulture Cave remains
of Microtus (vole) are the only known remains of that
taxa in the Grand Canyon. The single shrew found in
Vulture Cave, Notiosorex, represents the first late
Pleistocene occurrence within Grand Canyon. The
tooth of Camelops represents the largest mammal re-
covered from Vulture Cave. Insects were also recov-
ered, but specific identification is not yet available
(Mead and Phillips, 1981). Radiocarbon dates in
Vulture Cave reveal a history dating back over 30,000
years. The oldest dated obtained from Vulture Cave
is from a Juniperus (juniper) twig recovered from a
packrat midden which yielded a date of 33,600 years
B.P. (Mead and Phillips, 1981).

While packrats form middens, Bassariscus
astutus forms similar accumulations known as ringtail
refuse deposits. One such deposit, encompassing

approximately 11 square feet (one square meter), was
discovered and studied in Vulture Cave (Mead and
Van Devender, 1981). The deposit consisted mostly
of small animal bones and scat. In total, 540 elements
representing 22 taxa were recovered from the ringtail
refuse deposit (Mead and Van Devender, 1981). The
vertebrate taxa represented include seven lizard spe-
cies, six snake species, three bird species, and six
mammalian species. The most common of the verte-
brate remains were that of Neotoma, with a minimum
number of individuals (MNI) calculated to be 40 or
more. Lizards (1-4 MNI) were more common than
snakes and birds, both with an MNI of one (Mead
and Van Devender, 1981). Arthropods, mostly mem-
bers of the Diplopoda, were also recovered from the
ringtail refuse deposit. Radiocarbon dates yield an
approximate age of 1,930 years B.P. for the ringtail
refuse deposit. The Late Holocene remains in the
refuse deposit were interpreted as being dietary rem-
nants.

Oreamnos harringtoni (Harrington’s extinct
mountain goat) skeletal remains, found in many GRCA
caves, are also reported from Vulture Cave (Mead et
al., 1986¢). Emslie (1987) reports the remains of
Gymnogyps californianus in Vulture Cave.

Rampart Cave, located near the base of the Muav
Limestone, was one of the first caves to be studied in
Grand Canyon National Park. In 1936, Willis Evans,
a Park Service employee, first entered Rampart Cave
and discovered the extensive Shasta ground sloth dung
deposit and a number of scattered bones (Figure 9)
(Martin etal., 1961). Rampart Cave, like the nearby
Muav Caves, was originally within the boundaries of
Lake Mead National Recreation Area, but was in-
corporated into Grand Canyon National Park in Janu-
ary, 1975 (Kay Rohde, personal communication,
2001; Hansen, 1978). Rampart Cave contains rich
organic layers which are uncommon in the frequently
dry caves of the arid southwest (Mead, 1981). Until
1976, when a fire destroyed much of the sample, Ram-
part Cave contained the thickest and least disturbed
deposit of stratified Nothrotheriops shastensis dung
known from any locality (Figures 10, 11, and 12) (Long
and Martin, 1974; Hansen, 1978). Martin and others
(1961) report radiocarbon age dating of three sloth
dung samples to >35,500, 12,050, and 