Chapter 3:
Fossils of the Southwestern US
Fossils (from the Latin word fossilis, meaning “dug up”) are the remains or
traces of organisms that lived in the geologic past (older than the last 10,000
years), now preserved in the Earth’s crust. Most organisms never become
fossils, but instead decompose after death, and any hard parts are broken into
tiny fragments. In order to fossilize, an organism must be buried quickly before it
is destroyed by weathering, decomposed, or eaten by other organisms. This is
why fossils are found almost exclusively in sediment and sedimentary rocks.
Igneous rocks, which form from cooling magma or lava, and metamorphic
rocks, which have been altered by heat and pressure, are unlikely to contain
fossils (but may, under special circumstances). Different fossils are found in
different regions because of the presence of rocks deposited at different times
and in a variety of environments. Since rapid burial in sediment is important
for the formation of fossils, many fossils are from marine environments, where
sediments are more likely to accumulate.
Fossils come in many types. Those that consist of an actual part of an
organism, such as a bone, shell, or leaf, are known as body fossils; those
that record the actions of organisms, such as footprints and burrows, are called
trace fossils. Body fossils may be preserved in a number of ways. These
include preservation of the original mineral skeleton of an organism, mineral
replacement (chemical replacement of the material making up a shell by a more
stable mineral), recrystallization (replacement by a different crystal form of

crust • the uppermost, rigid
outer layer of the Earth.

weathering • the breakdown
of rocks by physical or
chemical means.

sedimentary rock •
rock formed through the
accumulation and consolidation of grains of broken rock,
crystals, skeletal fragments,
and organic matter.

igneous rocks • rocks derived
from the cooling of magma
underground or molten lava on
the Earth’s surface.

magma • molten rock located
below the surface of the Earth.

Lagerstätten
The "soft" tissues of an organism, such as skin, muscles,
and internal organs, are typically not preserved as
fossils. Exceptions to this rule occur when conditions
favor rapid burial and mineralization or very slow decay.
The absence of oxygen and limited disruption of the
sediment by burrowing are both important for limiting
decay in those deposits where soft tissues are preserved.
The Southwestern states contain several examples of
such exceptional preservation, also called Lagerstätten,
including trilobites and other marine animals preserved
in Utah's Cambrian shales, and the Cenozoic insects and
plants preserved at Florissant, Colorado.

lava • molten rock located on
the Earth’s surface.

mineral • a naturally occurring
solid with a specific chemical
composition and crystalline
structure.
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Overview
clay • the common name for
a number of very fine-grained,
earthy materials that become
plastic (flow or change shape)
when wet.

filter feeder • an animal
that feeds by passing water
through a filtering structure
that traps food.

ripple marks • surface
features created when
sediment deposits are
agitated, typically by water
currents or wind.

Fossils
Discovering Ancient Environments
The kinds of animals and plants living in a particular
place depend on the local environment. The fossil record
preserves not only fossil organisms, but also evidence
of what their environments were like. By studying the
geological and biological information recorded in a rock
that contains a fossil, scientists can determine some
aspects of the paleoenvironment.
Grain size and composition of the rock can tell us what type
of sediment surface the animal lived on, what the water
flow was like, and whether the sediment was transported
in a current. Grain size also tells us about the clarity of
the water. Fine-grained rocks such as shales are made of
tiny particles of silt or clay that easily remain suspended
in water. Thus, a fossil found in shale might have lived in
muddy or very quiet water. Filter-feeding organisms, such
as clams or corals, are not usually found in muddy water
because the suspended sediment can clog their filters.

intertidal • areas that are
above water during low tide
and below water during high
tide.

Sedimentary structures, such as asymmetrical ripple
marks and cross-beds, can indicate that the organism
lived in moving water. Mud cracks or symmetrical ripples
are characteristic of shoreline or intertidal environments.

permineralization • a
fossilization method in which
empty spaces (such as in a
bone or shell) are filled by
minerals.

Broken shells or concentrated layers of shells may indicate
transportation and accumulation by waves or currents.

extinction • the end of
species or other taxonomic
groups, marked by death of
the last living individual.

stratigraphy • the branch of
geology specifically concerned
with the arrangement and age
of rock units.
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Color of the rock may indicate the amount of oxygen in the
water. If there is not enough oxygen in the water, organic
material (carbon) in sediments will not decompose, and
the rock formed will be dark gray or black in color.

the same chemical compound), permineralization (filling of empty spaces in
a bone or shell by minerals), and molds and casts, which show impressions of
the exterior or interior of a shell. Chemical fossils are chemicals produced by
an organism that leave behind an identifiable trace in the geologic record, and
it is these fossils that provide some of the oldest evidence for life on Earth.

Fossils
Paleontologists use fossils as a record of the history of life. They tell us that
an incredible multitude of organisms lived prior to the species that we see on
Earth today; that most species that ever lived have become extinct; and that
living things have changed through evolution over time, from one species into
another, and adapted to changing environments. Fossilized organisms are
also extremely useful in understanding the ancient environment that existed
when they were alive. The study of the relationships of fossil organisms to one
another and their environment is called paleoecology.
Fossils provide the most important tool for dating the rocks in which they are
preserved. Because species only exist for a certain amount of time before going extinct, their fossils only occur in rocks of a certain age. The relative age
of such fossils is determined by their order in the stacks of layered rocks that
make up the stratigraphic record (older rocks are on the bottom and younger
rocks on the top—a principle called superposition). Such fossils are known
as index fossils. The most useful index fossils are abundant, widely distributed, easy to recognize, and occur only during a narrow time span. This use
of fossils to determine relative
age in geology is called bioSome of the most useful
stratigraphy. The geologic
index fossils are hard-shelled
time scale is in part based on
organisms that were once part
sequences of fossils correlated
of the marine plankton.
from around the world.

Ancient Biodiversity

Since life began on Earth more than 3.7 billion years ago, it has continuously
grown more abundant and diverse. It wasn’t until the beginning of the Cambrian
period, around 541 million years ago, that complex life—living things with cells
that are differentiated for different tasks—became predominant. This event
at the beginning of the Cambrian, called the Cambrian Explosion, resulted in
the emergence of most major animal phyla. The diversity of life has generally
increased through time since then. Measurements of the number of different
kinds of organisms—for example, estimating the number of species alive at a
given time—are used when attempting to describe Earth’s biodiversity. With
a few exceptions, the rate at which new species evolve is significantly greater
than the rate of extinction.
Most species have a lifespan of several million years; rarely do species exist
longer than 10 million years. The extinction of a species is a normal event in the
history of life. There are, however, intervals of time during which extinction rates
are unusually high, in some cases at a rate of 10 or 100 times the normal pace.
These intervals are known as mass extinctions. There were five particularly
devastating mass extinctions in geologic history (Figure 3.1), and these specific
events have helped to shape life through time. Unfortunately, this is not just a
phenomenon of the past—it is estimated that the extinction rate on Earth right
now may be as much as 1000 times higher than normal, due mostly to human
activity, and that we are currently experiencing a sixth mass extinction event.
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Law of Superposition • the
geologic principle that states
that unless rock layers have
been overturned or intruded,
older rocks are found at the
bottom and younger rocks
are found at the top of a
sedimentary sequence.

geologic time scale • a
standard timeline used to
describe the age of rocks and
fossils, and the events that
formed them.

Cambrian • a geologic time
period lasting from 541 to 485
million years ago.

biodiversity • the number
of kinds of organisms at any
given time and place.

mass extinction • the
extinction of a large
percentage of the Earth's
species over a relatively short
span of geologic time.
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PERIOD

Stromatolites and acritarchs common in shallow seas (542Ma)

The Basin and Range hosts a shallow sea (541-485Ma)

Rugose and tabulate corals are important reef builders;
brachiopods, trilobites, bivalves, and nautiloids are abundant
and diverse (485–330Ma)

Fish evolution accelerates (416Ma)

Tropical reefs in southern New Mexico (260Ma)

Modern (scleractinian) corals become reef builders; gastropods,
cephalopods, and bivalves dominate the marine fauna (252Ma)

Marine reptiles, fish, bivalves, and ammonites in the
Western Interior Seaway; dinosaurs abundant in present
Rocky Mountains (90-65Ma)

Coal accumulates in Utah (79-72Ma)

Lush subtropical forests and lakes (50-40Ma)

Abundant and diverse terrestrial mammals (60–2.6Ma)

Ice age animal and plant fossils
(everywhere) (<2.6Ma)

cyanobacteria • a group
of bacteria, also called
“blue-green algae,” that
obtain their energy through
photosynthesis.

Mammals & birds
diversify

Present

carbonate rocks • rocks
formed by accumulation of
calcium carbonate, often made
of the skeletons of aquatic
organisms.
FOSSIL RECORD
OF THE SOUTHWEST

Earth’s surface is molten; frequent asteroid
impacts (4.5Ga)

Oldest continental rock (4.2Ga)

Supercontinent Rodinia forms; Western US
is a passive margin (1.1Ga-750Ma)

Antler Orogeny(370-340Ma)

Laramide Orogeny (80-35Ma)
Western Interior Seaway (90-60Ma)
Sevier Orogeny (140-50Ma)
Pangaea breaks apart; giant sand dunes
form across Utah and Arizona
(175-55Ma)

Extensive volcanism (50-5Ma)

GEOLOGIC EVENTS
OF THE SOUTHWEST

stromatolite • regularly
banded accumulations of
sediment created by the
trapping and cementation of
sediment grains in bacterial
mats.

Mass
Extinction

Mass
Extinction?

GLOBAL CHANGES
IN THE
HISTORY OF LIFE

erosion • the transport of
weathered materials.

Precambrian

Proterozoic • a geologic time
interval that extends from 2.5
billion to 541 million years ago.

Tertiary
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Figure 3.1. The history of life in relation to global and regional geological events and the fossil
record of the Southwestern US. (Time scale is not to scale).

Fossils
Fossils of the Southwestern US

The rocks of the Southwest showcase an excellent fossil record, as the area's
sparse vegetation affords extensive rock exposures. A large proportion of these
exposed rocks are sedimentary and fossil-bearing, preserving a tremendous
variety of fossils and providing glimpses of what life was like over the last
1.2 billion years. Fossils can be found in nearly every part of the Southwest,
representing most major categories of organisms and most periods of geologic
time. The history of life in the Southwest has been pieced together from the
fossil record and different layers of rock in many different areas. Particular fossil
organisms lived only in certain environments, and these changing environments
did not exist continuously through time, nor were they all necessarily preserved
in the rock record. Nowhere in the Southwest (or anywhere) is a complete
record of rock from every period preserved. Not all sediment ends up as rock,
and likewise, rock that formed long ago may have been eroded away. Not all
organisms are preserved as fossils, and rocks that contain fossils may have
been destroyed by erosion, or they may still be buried well below the current
surface of the Earth, out of sight from paleontologists.
In the remainder of this chapter, we will highlight the major types of fossils
present in most of the geologic periods represented by rocks in each state. The
references at the end of the chapter should be consulted for details, especially
for identifying particular fossils you might find.

Fossils of the Colorado Plateau
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acritarch • a microscopic
organic-walled fossil, often
approximately spherical in
shape, found in rocks from
over 2 billion to about 500
million years ago.

Phanerozoic • a generalized
term used to describe the
entirety of geological history
after the Precambrian, from
541 million years ago to the
present.

trilobite • an extinct
marine invertebrate animal
characterized by a threepart body and a chitinous
exoskeleton divided
longitudinally into three lobes.

Region 1

The rocks of the Colorado Plateau represent a diversity of environmental
conditions over hundreds of millions of years. These rocks are well exposed
in the many canyons that occur across this region, most spectacularly in the
Grand Canyon in northern Arizona (Figure 3.2). The oldest fossils known from
the Colorado Plateau region are stromatolites—layered domes of carbonate
sediment formed by mats of bacteria known as cyanobacteria. These are found
in a layer called the Bass Limestone, exposed near the bottom of the Grand
Canyon (Figure 3.3). These stromatolites date to the mid-Proterozoic, around
1.2 billion years ago. Late Proterozoic rocks known as the Chuar Group (around
740 million years old) contain a variety of microfossils. Most are referred to as
acritarchs, which are spherical objects 1–5 millimeters in diameter, thought by
many paleontologists to be a
resting state of single-celled
See Chapter 2: Rocks to learn
algae (Figure 3.4). Several
more about Precambrian rocks
levels within the Chuar Group
of the Colorado Plateau.
also contain stromatolites.

brachiopod • a marine
invertebrate animal characterized by upper and lower
calcareous shell valves joined
by a hinge, and a crown of
tentacles (lophophore) used
for feeding and respiration.

The earliest Phanerozoic sediments recorded in the Grand Canyon area are
known as the Tonto Group. The fossils in these rocks are usually not very well
preserved, but they come in great variety, dominated by trilobites (see Figure
3.43), of which more than 50 species have been reported. Brachiopods are
93
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Figure 3.2: Major Proterozoic and Paleozoic stratigraphic units of the Grand Canyon and Colorado
Plateau.

Figure 3.3: Stromatolites from the mid-Proterozoic Bass Limestone of the Grand Canyon.
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Stromatolites are regularly banded accumulations of
sediment created by the trapping and cementation of
sediment grains in bacterial mats (especially photosynthetic cyanobacteria). Cyanobacteria secrete a sticky
mucus that binds settling sediment; their photosynthesis
creates a chemical environment that leads to the
precipitation of calcium carbonate. The calcium carbonate
then hardens the underlying layers of bacterial mats,
while the living bacteria move upward so that they are
not buried. Over time, this cycle of growth combined with
sediment capture creates a rounded structure filled with
banded layers.
Stromatolites peaked in abundance around 1.25 billion
years ago, and likely declined due to predation by
grazing organisms. Today, stromatolites exist in only a
few locations worldwide, such as Shark Bay, Australia.
Modern stromatolites form thick layers only in stressful
environments, such as very salty water, that exclude
animal grazers.
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sponge • a marine invertebrate belonging to the Phylum
Porifera, and characterized by
a soft shape with many pores
and channels for water flow.

echinoderm • a member of
the Phylum Echinodermata,
which includes starfish, sea
urchins, and crinoids.

Ordovician • a geologic time
period spanning from 485 to
443 million years ago.

Figure 3.4: Microfossils from the late Proterozoic Chuar Group. A) A "vase-shaped microfossil"
(VSM), thought to be the shell of an amoeba-like, single-celled organism (protist). B) Chuaria,
a common acritarch fossil of uncertain affinities, most likely the resting stage of a single-celled
eukaryote (protist).

also frequently found in these rocks (Figure 3.5), and, more rarely, sponges
and echinoderms similar to those found in the Cambrian of western Utah (see
Figure 3.44).
Silurian • a geologic time
period spanning from 443 to
419 million years ago.

Devonian • a geologic time
period spanning from 419 to
359 million years ago.

Ordovician and Silurian rocks are absent in the southern part of the Colorado
Plateau. Devonian rocks are present in the area, but are only moderately
fossiliferous. The Devonian Temple Butte Formation, exposed in the Grand
Canyon, contains poorly preserved brachiopods, corals, crinoids, and also
occasionally the remains of placoderms—an extinct group of fishes that
dominated the waters of the Devonian. Their name means “plated skin,” and
they were characterized by bony armor covering the front part of the body and
pectoral fins. Fragments of the bottom-dwelling placoderm Bothriolepis (Figure
3.6) have been recovered from Devonian rocks in northern and central Arizona,
and also in central Colorado, northwest of Denver (Eagle and Garfield counties).
Placoderms became extinct during a mass extinction event near the end of the
Devonian period. Conodonts—small, primitive, eel-like vertebrates—are also
known from Devonian and later rocks throughout the region.
Mississippian rocks exposed in the Grand Canyon, including the Redwall
Limestone and Surprise Canyon Formation, contain abundant brachiopods,
corals, bryozoans, gastropods, bivalves, nautiloid cephalopods, crinoids, and
shark teeth (Figures 3.7 and 3.8; see also Figure 3.50). In at least one Redwall
locality, straight nautiloids more than 60 centimeters (24 inches) long have been
found. Some Pennsylvanian layers in the Colorado Plateau also accumulated
in terrestrial environments,
including swamps, rivers,
See Chapter 6: Energy to learn
lakes, and floodplains. Some
more about coal resources in
of these sediments include
the Southwest.
significant coal deposits.
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crinoid • a marine invertebrate animal characterized by
a head (calyx) with a mouth
surrounded by feeding arms.

Figure 3.5. Cambrian brachiopods from the Colorado Plateau, each approximately 1 centimeter
(0.4 inches) across. A) Acrothele subsidua. B) Obolella chromatica. C) Lingulella ella.

Conodonts
Conodonts are tiny, tooth-shaped microfossils (0.2–5
millimeters long), found in Cambrian- through Triassicaged marine rocks. They have long been among the most
important index fossils in these rocks, allowing the latter
to be dated through biostratigraphy. For many years,
paleontologists variously thought they were fragments of
arthropods, fish teeth, mollusks, or even plants. In 1983
the discovery of a whole conodont animal in Scotland
revealed that they belonged to small, fish-like animals
that were distant relatives of bony fish.

placoderms • an extinct class
of heavily armored fishes.

Mississippian • a subperiod
of the Carboniferous, spanning
from 359 to 323 million years
ago.

bryozoan • a marine
or freshwater colonial
invertebrate character-ized
by an encrusting or branching
calcareous skeleton from
which multiple individuals
(zooids) extend from small
pores to filter-feed.

gastropod • a marine,
freshwater, or terrestrial
invertebrate animal characterized by a single, coiled,
calcareous shell, a muscular
foot for gliding, and internal
asymmetry caused by torsion.

Isolated conodont elements
(Silurian).

Restoration of a live
conodont animal. Length
2–4 centimeters (1–2 inches).
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lycopod • an extinct, terrestrial tree characterized by
a tall, thick trunk covered with
a pattern of diamond-shaped
leaf scars, and a crown of
branches with simple leaves.

seed fern • an extinct
terrestrial plant characterized
by a fern-like appearance,
but bearing seeds instead of
spores.

horsetail • see sphenopsid:
a terrestrial plant belonging
to the family Equisetaceae,
characterized by hollow,
jointed stems with reduced,
unbranched leaves at the
nodes.

Figure 3.6: Placoderm fish from Devonian rocks near Payson, in northern Arizona. A) Textured
dermal plates. B) Ventral median dermal plate. C) Life restoration of a placoderm, Bothriolepis,
approximately 30 centimeters (12 inches) long.

Figure 3.7: Mississippian marine fossils from the Redwall and Surprise Canyon formations. A)
Solitary rugose coral, Zaphrentis, about 2.5 centimeters (1 inch) tall. B) Colonial rugose coral,
Michelinia, about 4 centimeters (1.6 inches) wide. C) Brachiopod, Schizophoria, about 2.5
centimeters (1 inch) wide. D) Brachiopod, Punctospirifer, about 4 centimeters (1.6 inches) wide.
E) Gastropod, Straparolus, about 1 centimeter (0.4 inches) wide. F) Brachiopod, Buxtonia, about
4 centimeters (2 inches) wide.
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Permian • the geologic time
period lasting from 299 to 252
million years ago.

trackway • a set of
impressions in soft sediment,
usually a set of footprints, left
by an animal.

Figure 3.8: Fenestellid bryozoan from the Redwall Limestone, Grand Canyon; 5 centimeters
(2 inches) wide.

foraminifera • a class of
aquatic protists that possess
a calcareous or siliceous
exoskeleton.

Bryozoans
Bryozoans are colonial invertebrates, many of which build
elaborate skeletons of calcium carbonate. Bryozoans are
common in today's oceans, where they are frequently
found encrusting rocks or shells. During the Paleozoic
era, however, bryozoans commonly grew off of the sea
floor as erect structures. After they died, their skeletons
accumulated into thick beds of limestone. Although they
do not appear to be, bryozoans are actually closely related
to brachiopods—both groups have the same distinctive
feeding and respiratory structure, the lophophore.

The Surprise Canyon (which extends into the early Pennsylvanian) also
contains layers with terrestrial plant fossils, including lycopods, seed ferns,
and horsetails (Figure 3.9).
Pennsylvanian to Permian marine rocks in the southern Colorado Plateau
include the Supai Group in northern Arizona and the Honaker Trail Formation
in southern Utah. In the Grand Canyon and the surrounding area, the Supai
Group contains trace fossils (burrows, trackways, and other marks) in almost
all layers. A number of beds also contain abundant and diverse shelly fossils,
including brachiopods (Figure 3.10) and foraminifera.
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cross-bedding • layering
within a bed in a series of
rock strata that does not
run parallel to the plane of
stratification.

sand • rock material in the
form of loose, rounded, or
angular grains, and formed as
a result of the weathering and
decomposition of rocks.

arthropod • an invertebrate animal, belonding to
the Phylum Arthropoda,
and posessing an external
skeleton (exoskeleton),
body segments, and jointed
appendages.

Figure 3.9: Restorations of Pennsylvanian coal swamp plants. A) Lepidodendron, a lycopod (club
moss), reached 30 meters (100 feet) tall. B) Close-ups of leaf scars on a Lepidodendron trunk. C)
Medullosa, a tree fern, reached 10 meters (35 feet) tall. D) Calamites, a sphenopsid (horsetail),
reached 20 meters (65 feet) tall. E) Cordaites, a gymnosperm seed plant, reached 10 meters (35
feet) tall.

The Permian-aged Coconino Sandstone is a 90-meter-thick (300-foot-thick)
terrestrial deposit, with cross-bedded layers that are characteristic of sand
dunes. More than 20 types of vertebrate footprints have been identified within
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bivalve • a marine or freshwater invertebrate animal
characterized by right and
left calcareous shells (valves)
joined by a hinge.

ammonoid • a member of a
group of extinct cephalopods
belonging to the Phylum
Mollusca, and posessing a
spiraling, tightly coiled shell
characterized by ridges, or
septa.

Figure 3.10: Pennsylvanian brachiopods from northern Arizona. A) Anthracospirifer, 2 centimeters
(0.8 inches) wide. B) and C) Composita, 1.5 centimeters (0.7 inches) long. D) Pulchratia, 2
centimeters (0.8 inches) wide. E) Orthotetes, 4 centimeters (1.6 inches) wide.

this unit (Figure 3.11), made by a variety of amphibians and reptiles that trekked
through damp sand some 280 million years ago. A variety of other tracks are
attributed to arthropods, including spiders, scorpions, beetles, and millipedes.
One of the most important deposits of early Permian vertebrate fossils in North
America is known from the Arroyo del Agua area, west of Abiquiu, Rio Arriba
County, in northern New Mexico. This site has produced the skeletal remains
of many large terrestrial amphibians and reptiles, including Sphenacodon,
Eryops, Ophiacodon, and Diadectes (Figure 3.12). Eryops and the sail-backed
predator Dimetrodon are
also abundant in the Permian
See Chapter 2: Rocks to learn
rocks of southern Utah,
how cross-bedded layers form
including Monument Valley
and where these layers can be
and the Valley of the Gods.
The small reptile Seymouria
found in the Southwest.
is found in Permian rocks
south of Moab, Utah.

cephalopod • a marine
invertebrate animal characterized by a prominent head,
arms, tentacles with suckers,
and jet propulsion.

shark • a large fish characterized by a cartilaginous
skeleton and five to seven gill
slits on the side of the head.

Above the Coconino Sandstone is another Permian marine unit, the Kaibab
Limestone, which contains abundant fossils from marine vertebrates and
invertebrates, including brachiopods, sponges, corals, crinoids, echinoids,
gastropods, bivalves, nautiloid and ammonoid cephalopods, conodonts, and
shark teeth (Figure 3.13). Ammonoid cephalopods are especially important for
biostratigraphy in this and other Permian marine layers.
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Figure 3.11: Permian dune deposits. A) Tetrapod tracks from the Coconino Sandstone. B) Life
restoration of the track-maker, a small reptile.

Figure 3.12: Permian terrestrial reptiles. A) Dimetrodon, 3 meters (9 feet long), skull and
restoration. B) Diadectes, 2 meters (6.5 feet) long, skull and restoration. C) Eryops, 1.5–2 meters
(5–6.5 feet) long, skeleton and restoration.
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Figure 3.13: Permian marine invertebrates from the Permian Kaibab Limestone. A) Brachiopod,
Dictyoclostus, approximately 7.5 centimeters (3 inches) wide, with encrusting bryozoan. B)
Brachiopod, Productus ivesi, approximately 5 centimeters (2 inches) wide. C) Brachiopod,
Productus bassi, approximately 5 centimeters (2 inches) wide. D) Snail-like mollusk, Bellerophon,
approximately 3.5 centimeters (1.5 inches) wide. E) Gastropod, Euomphalus, approximately 1.5
centimeters (0.6 inches) wide. F) Coiled nautiloid, approximately 10 centimeters (4 inches) wide.
G) Bivalve, Allorisma, approximately 10 centimeters (4 inches) wide. H) Nautiloid, Tainoceras
duttoni, approximately 10 centimeters (4 inches) wide. I) Nautiloid, Stearoceras sanandresense,
approximately 10 centimeters (3 inches) wide.

Gastropods
Commonly known as snails, gastropod mollusks
encompass terrestrial, freshwater, and marine species,
and include varieties with and without shells (e.g., slugs).
Gastropods are among the most diverse groups of
organisms—only insects have more named species. The
soft parts of gastropods are generally similar to those of
bivalves, but the former typically have coiled shells and
are usually much more active. Gastropods are present in
Paleozoic and Mesozoic rocks, but are especially abundant
and diverse in Cretaceous and Cenozoic sediments of the
Coastal Plain.
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Mesozoic • a geologic time
period that spans from 252 to
66 million years ago.

Triassic • a geologic time
period that spans from 252 to
201 million years ago.

Jurassic • the geologic time
period lasting from 201 to 145
million years ago.
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Early and middle Mesozoic rocks (Triassic and Jurassic periods) of the
Colorado Plateau are just as fossil rich as Paleozoic-aged rocks. The Triassic
rocks of northern Arizona are famous for their fossils of terrestrial (land-dwelling)
and freshwater vertebrates. The middle Triassic Moenkopi Formation contains
one of the best vertebrate fossil assemblages of this age anywhere in the world,
including abundant bones and trackways of both large amphibians and reptiles.
Skeletal remains in the Moenkopi include freshwater sharks, coelacanths, and
lungfish, as well as amphibians, rhynchosaur reptiles, and the non-dinosaur
archosaur Arizonasaurus (Figure 3.14).

Figure 3.14: Tetrapod fossils of the Moenkopi Formation. A) The trace fossil Cheirotherium barthii,
likely an archosaur footprint. B) Arizonasaurus, restoration, approximately 3 meters (10 feet) long.

The late Triassic Chinle Formation (or Group) is exposed across much of
the Southwest (Figure 3.15). This formation accumulated in a shifting set of
habitats, from forests to rivers and lakes. Fossils of freshwater fish, clams, and
crustacean burrows are common in parts of the Chinle, suggesting abundant
water, but other evidence indicates that rainfall was probably highly seasonal,
and the environment was frequently dry (Figure 3.16). Fossil fishes found
here include the coelacanth Chinlea, the shark Xenacanthus, the lungfish
Ceratodus, and Australosomus—a relative of today’s goldfish and tuna (Figure
3.17). Land-living reptiles include a parade of forms (Figures 3.18 and 3.19),
including the bizarre armored group known as aetosaurs (e.g., Desmatosuchus,
Stagnolepis), the dicynodont reptile Placerias, crocodile-like phytosaurs (the
most common vertebrate in the formation), and the small theropod dinosaur
Coelophysis. In the 1940s, hundreds of Coelophysis skeletons were discovered
at Ghost Ranch in Rio Arriba County, north-central New Mexico. This fossil
treasure trove may have formed when the dinosaurs died around a shrinking
water source during the dry
season, and then were swept
See Chapter 2: Rocks to learn
up and deposited by a flash
more about the Grand Staircase,
flood. The study of fossils
which exposes the Chinle and
from this deposit helped
Moenkopi formations.
to make Coelophysis one
of the world’s best-known
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Paleozoic • a geologic time
interval that extends from 541
to 252 million years ago.

archosaur • a member of
an evolutionary group of
reptiles that includes nonavian dinosaurs and birds,
pterosaurs, and crocodiles,
among others.

Figure 3.15: Location of Chinle Formation outcrops across the Southwestern US.

phytosaur • an extinct, semiaquatic reptile from the late
Triassic period.

Figure 3.16: Reconstruction of a late Triassic depositional environment, similar to that of the
Chinle Formation.

dinosaurs. The Chinle is also famous for its fossil trees, spectacularly exposed
in Arizona’s Petrified Forest National Park (Figure 3.20). Forests of these
conifers, most belonging to the species Araucarioxylon arizonicum, were also
filled with ferns, cycads, horsetails, and ginkgoes.
The Jurassic Kayenta Formation overlies the Chinle and is exposed in northern
Arizona (Painted Desert and vicinity). It contains fossils of early mammal
relatives as well as dinosaurs, including the larger theropod Dilophosaurus
(Figures 3.21 and 3.22). Although it was once desert dune sand, the overlying
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Figure 3.17: Fish of the Chinle Formation. A) Skeleton (top) and restoration (bottom) of the
freshwater shark Xenacanthus; approximately 30 centimeters (1 foot) long. B) Restoration of the
ray-finned fish Australosomus; approximately 6 centimeters (1.5 inches) long. C) Restoration of
the coelacanth Chinlea; approximately 1.5 meters (5 feet) long. D) Restoration of the lungfish
Ceratodus; approximately 1.2 meters (48 inches) long. E) Ceratodus tooth; approximately 5
centimeters (2 inches) wide.

Figure 3.18: Skull and restoration of the Triassic theropod dinosaur Coelophysis, approximately
2.5 meters (8 feet) long.
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Figure 3.19: Non-dinosaur tetrapods from the Chinle Formation. A) Skeleton and restoration of the
armored aetosaur reptile Desmatosuchus, approximately 4.5 meters (15 feet) long. B) Skeleton
and restoration of the synapsid reptile Placerias, approximately 3.5 meters (11.5 feet) long. C)
Skull and restoration of the carnivorous reptile Postosuchus, approximately 4–5 meters (13–16
feet) long. D) Tooth and restoration of the phytosaur Smilosuchus, approximately 4 meters (13
feet) long.
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Figure 3.20: Fossil log from Petrified Forest National Park, northern Arizona.

Figure 3.21: Skeleton and restoration of the theropod dinosaur Dilophosaurus, approximately
6 meters (20 feet) long.
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synapsid • a group of tetrapod
vertebrates posessing one
opening in the skull behind
each orbit (eye hole), and a
bony arch beneath.

Figure 3.22. Partial lower jaw of a small early relative of mammals, Dinnetherium nezorum, from
the early Jurassic Kayenta Formation, near Tuba City, Arizona.

Early Mammals
Mammals evolved from a branch of reptiles (called the
synapsids) some time in the early Triassic, around the
same time that the first dinosaurs evolved from a different
branch of reptiles. The earliest known mammals were very
small (frequently only 2–5 centimeters [1–2 inches] long),
and their fossils are almost exclusively limited to teeth
and bits of lower jaw. Some of the oldest mammal fossils
in the world come from the Southwestern region of the
US, including the Kayenta Formation of Arizona's Painted
Desert. The early Cretaceous rocks of southern Utah also
contain abundant tooth fossils from many kinds of small
mammals. Mesozoic mammals included many groups
that left few or no descendants in the Cenozoic after the
extinction of the dinosaurs.
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Fossil Mammals: It's (almost) all about the teeth
Mammals have evolved into an amazing variety of shapes
and sizes, and much of this diversity and success is due to
their teeth! Mammals are "warm-blooded," meaning they
can regulate their own body temperature. This requires
a high metabolism, the derivation of energy from food.
Mammals meet their heavy food requirements with the help
of a distinctive chewing system, starting with their teeth.
Unlike reptiles, most mammals—including humans—
have several different kinds of teeth in their mouths. Also
unlike reptiles, some of these teeth are highly complex,
with many bumps and grooves on the chewing surfaces.
This range of tooth forms allows mammals to efficiently
eat many different kinds of food. It also allows different
kinds of mammals to eat different foods. This means that
different mammals usually have very different teeth, and
that you can often identify a mammal species using only
its teeth. This is extremely important for studying fossils,
because mammal teeth are frequently found as fossils.
Mammal paleontology is therefore largely the study of
fossil teeth.

Upper right-side dentition of
Hyanodon, a dog-like carnivore.

Upper molar of peccary
(Tagassu), deer (Odocoileus),
and camel (Poebrotherium).
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Incisors and canines of the
entelodont Archaeotherium.

Fossils
Navajo Sandstone also contains dinosaurs (Figure 3.23). As the Jurassic
continued, dinosaurs continued to expand in diversity and size. Their dominance
is abundantly demonstrated in the Jurassic Morrison Formation, an extensive
layer of rock that crops out in all four states of the Southwest, as well as in the
Dakotas, Montana, Nebraska, Kansas, Oklahoma, Texas, and Idaho (Figure
3.24). Although the Morrison Formation contains more than 90 known species
of fossil vertebrates, including fish, turtles, amphibians, and early mammals, it is
most famous for its abundance and diversity of dinosaurs (Figure 3.25), including
carnivorous theropods such as Ceratosaurus and Allosaurus, herbivores such
as Dryosaurus, Stegosaurus, and Camptosaurus, and gigantic long-necked
sauropods, such as Barosaurus, Diplodocus, Apatosaurus, Brachiosaurus,
and Camarasaurus. One giant sauropod from the Morrison, originally named
Seismosaurus, was initially thought to be the world’s largest dinosaur. That
honor may instead go to another Morrison titan, Amphicoelias, which may have
reached more than 50 meters (150 feet) long and weighed more than 120,000
kilograms (160 tons). Two
spectacular places to see
See Chapter 2: Rocks to
these dinosaur fossils still in
place are Dinosaur National
learn more about the Navajo
Monument, on the border
Sandstone and other Jurassic
between Utah and Colorado,
dune environments.
and the Cleveland-Lloyd
Dinosaur Quarry in Utah.
The dinosaur fossil beds in Dinosaur National Monument were discovered in
1909 by a paleontologist working for the Carnegie Museum of Natural History in
Pittsburgh. Over several years, crews from the Museum excavated thousands
of fossil bones and shipped them back to Pittsburgh for study and display. The
site was declared a national monument in 1915, but new discoveries continue
to this day—in late 2015, one of the oldest known pterosaurs was found in the
monument’s Triassic rocks. The famous "Wall of Bones" (Figure 3.26), located
within the monument’s main
building, consists of a steeply
See Chapter 1: Geologic History
tilted rock layer containing
hundreds of dinosaur bones.
for more about the mountain
The layer was tilted by the
building events that shaped the
Laramide Orogeny millions
Southwest.
of years after the dinosaurs
lived, died, and were buried.
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dinosaur • a member of a
group of terrestrial reptiles with
a common ancestor and thus
certain anatomical similarities,
including long ankle bones
and erect limbs.

theropod • an evolutionary
group of bipedal dinosaurs,
including all of the carnivorous
dinosaurs.

sauropod • a member
of an evolutionary group
of herbivorous dinosaurs
characterized by very large
body size, and long necks and
tails.

pterosaurs • extinct flying
reptiles with wingspans of up
to 15 meters.

Laramide Orogeny • a period
of mountain building that
began in the late Cretaceous,
and is responsible for the
formation of the Rocky
Mountains.

The Cleveland-Lloyd Dinosaur Quarry, located in northern Emery County,
Utah, contains the densest concentration of Jurassic-aged dinosaur bones
ever found. Over 10,000 bones (belonging to at least 74 individual dinosaurs)
have been excavated at the quarry. Curiously, more than 70% of these
bones come from carnivores, primarily Allosaurus fragilis. With more than 46
individual specimens of Allosaurus, scientists have been able to both deduce
how Allosaurus aged and compare individuals to better understand variation
within the species.
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Figure 3.23: The early sauropod dinosaur Seitaad ruessi from the Navajo Sandstone of Utah,
approximately 4 meters (12 feet) long. This skeleton is reconstructed, and only the black bones
are known from fossils.

Figure 3.24: Geographic extent of the late Jurassic Morrison Formation.
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Figure 3.25: Some common
and familiar dinosaurs from the
Morrison Formation.
A) Apatosaurus (approximately
23 meters [75 feet] long),
skeleton and restoration;
B) Allosaurus (approximately 8.5
meters [28 feet] long), skeleton
and restoration;
C) Stegosaurus (approximately
9 meters [30 feet] long), skeleton
and restoration.
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floodplain • the land around a
river that is prone to flooding.

alluvial • a layer of riverdeposited sediment.

Cretaceous • a geologic time
period spanning from 144 to
66 million years ago.

Figure 3.26: The Wall of Bones at Dinosaur National Monument, Colorado and Utah.

Dinosaurs are also well represented across much of the Southwest through fossil
footprints (Figure 3.27). The Purgatoire River tracksite, also called the Picketwire
Canyonlands tracksite, is one of the largest dinosaur tracksites in North
America. The site is located in the Comanche National Grassland along
the Purgatoire River south of La Junta, in Otero County, Colorado.
The Morrison Formation also contains abundant plant fossils, including conifers
and ferns—flowering plants had not yet evolved (Figures 3.28 and 3.29). These
fossils suggest that the Morrison ecosystem was a mosaic of river, lake, and
floodplain environments developed on an enormous alluvial plain covered by
sediment eroding from the ancestral Rocky Mountains.
Cretaceous rocks are widely exposed across southern Utah, and contain a
great abundance and diversity of dinosaurs. Herbivores are represented by
hadrosaurs, ankylosaurs, and several kinds of horned dinosaurs (ceratopsians)
(Figures 3.30 and 3.31). Carnivorous dinosaurs include a variety of theropods,
from the large and ferocious-looking Utahraptor to the even larger tyrannosaurs
(Figures 3.32 and 3.33). Theropods are well represented in the southern
Colorado Plateau, but not until recently have paleontologists been able to
determine exactly which species are represented by the fossils found there.
Most large teeth and bones found in the area were originally thought to be
from close relatives of T. rex, such as the Albertosaurus, which are well known
farther north in Wyoming and Montana. In 2010, however, some of these fossils
were recognized as belonging to a previously unknown theropod, named
Bistahieversor. This predator is estimated to have been around 9 meters
(30 feet) long, weighing at least a ton. Although the Cretaceous was also a
golden age for flying reptiles (pterosaurs), they are only rarely found in the
Colorado Plateau’s Mesozoic rocks.
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Figure 3.27: Major localities in which Mesozoic footprint assemblages (mostly dinosaurs) have
been found.

Figure 3.28: Some of the most common plants from the late Jurassic Morrison Formation.
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Figure 3.29: Reconstruction of the biological community represented by fossils in the Morrison
Formation.

Figure 3.30: Cretaceous horned dinosaurs from the Colorado Plateau. A) Skull of Utahceratops,
approximately 2.3 meters (7 feet) long. B) Skeletal reconstruction of Pentaceratops, approximately
6 meters (20 feet) long. C) Skull of Kosmoceratops, approximately 2 meters (6 feet) long.
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Figure 3.31: The hadrosaur Parasaurolophus; approximately 10 meters (33 feet) long, skeleton
and reconstruction.

Figure 3.32: Tyrannosaurs in New Mexico. A) Locations where tyrannosaur fossils have been
found. B) Cast of the only footprint ever confidently assigned to Tyrannosaurus rex, found near
the town of Cimarron, Colfax County, New Mexico. The print measures 86 centimeters (34 inches)
long. This cast is on exhibit at the Smithsonian Institution’s National Zoo in Washington, DC.

117

3

Fossils

Region 1
angiosperms • flowering
plants, including taxa from
deciduous trees to shrubs and
grasses.

ichthyosaurs • extinct
Mesozoic marine reptiles that
were probably similar in size
and habitat to the toothed
whales, dolphins, and large
sharks of today.

Figure 3.32: Skeleton and reconstruction of the theropod dinosaur Utahraptor, approximately 6.5
meters (20 feet) long.

mosasaur • an extinct,
carnivorous, marine vertebrate
reptile characterized by
a streamlined body for
swimming, a powerful fluked
tail, and reduced, paddle-like
limbs.

Cretaceous plant fossils are abundant in Utah, especially in Emery and Carbon
counties, where large quantities of land plants accumulated in coastal swamps
and eventually formed significant deposits of coal (Figure 3.35). In addition to
conifers and tree ferns (Figure 3.36), which were major contributors to these coal
deposits, the region’s Cretaceous land plants include angiosperms (flowering
plants) such as palms and magnolias. Angiosperms probably originated in the
late Jurassic, but had diversified and taken over many terrestrial ecosystems
by the mid-Cretaceous.

plesiosaur • a member of a
group of extinct, long-necked,
Mesozoic marine reptiles.

As the Western Interior Seaway flooded North America during the late
Cretaceous, portions of the Colorado Plateau were submerged and covered in a
series of marine layers (Figure 3.37). These rocks frequently contain abundant
vertebrate and invertebrate fossils. Marine vertebrates include bony fish, sharks,
ichthyosaurs, mosasaurs, and plesiosaurs (Figure 3.38), while invertebrates
encompass a great diversity of mollusks, barnacles, and echinoderms.
Relatives of living oysters were diverse and abundant during the Cretaceous;
they could cement themselves to surfaces, and varied widely in shape and
ornamentation. Inoceramus was a large, flat bivalve that could reach diameters
of up to 1.2 meters (4 feet)! These mollusks were also important hard substrates
for other organisms to attach to in soft sea-floor sediments. The Mancos Shale
preserves the abundant remains of marine snails, sharks, mosasaurs, crinoids,
bivalves, and ammonoids (Figure 3.39). The Dakota Group includes abundant
ammonites and bivalves, as well as the last known North American lungfish from
just east of Arches National Park in southeastern Utah. The Tropic Shale and its
equivalents are some of the
most fossil-rich marine units
See Chapter 4: Topography
in North America; ammonto learn more about Arches
oids found here include
National Park and other parks
especially valuable index
fossils such as Sciponoceras
of the Colorado Plateau.
and Collignoniceras.

cementation • the precipitation of minerals that binds
together particles of rock,
bones, etc., to form a solid
mass of sedimentary rock.
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Fossils of mammals—mostly very small teeth—are also found in the Cretaceous
rocks of southern Utah (Figure 3.34). These fossils represent marsupials,
placentals, and several extinct groups that left no modern descendants.
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Paleogene • the geologic time
period extending from 66 to 23
million years ago.

Figure 3.34: Restoration of Alphadon, a tiny marsupial mammal from the Cretaceous of southern
Utah; up to 30 centimeters (12 inches) long.

multituberculate • a member
of a group of rodentlike animals with a long
evolutionary history, from the
Jurassic period until at least
the Oligocene epoch.

Oligocene • a geologic time
interval spanning from about
34 to 23 million years ago.

condylarth • a member of an
informal group of ungulates (a
large group of mammals that
include most of the relatively
large herbivorous mammals).

Figure 3.35: Reconstruction of the paleoenvironment in which Utah's Cretaceous coal deposits
formed. When trees and other vegetation fall into the stagnant water of a coastal swamp,
deterioration of the organic material is delayed, and a thick layer of peat is formed. Over time, the
peat is compressed into coal.

Cenozoic • the geologic
time period spanning from
66 million years ago to the
present.

The Cretaceous-Paleogene (K-Pg) boundary is visible in several areas of the
Southwest, especially in the San Juan Basin of New Mexico. This boundary
marks the mass extinction that wiped out non-avian dinosaurs, flying reptiles,
swimming reptiles, and many other forms of life across the globe (see Figure
3.1). Rocks above the K-Pg boundary in the San Juan Basin are rich in fossil
land mammals. These include a number of major groups, many of which
became extinct within a few million years (Figure 3.40). Multituberculates were
a group of mostly small, rodent-like mammals that originated in the Cretaceous
and disappeared in the early Oligocene—their name refers to their distinctive
multicusped teeth. Other mammals abundantly represented by fossils in the
Basin are commonly referred to as "archaic," meaning that their features are
primitive compared to those of later mammals. These archaic mammals include
condylarths, an informal term for a number of early mammals that are not
closely related to each other. Some of the earliest known primates were also
present at this time. Late Cretaceous and early Cenozoic rocks in the San
Juan Basin also contain abundant flowering plants (Figure 3.41).
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compression • flattening or
squeezing as a result of forces
acting on an object from all or
most directions.

coalification • the process
by which coal is formed
from plant materials through
compression and heating over
long periods of time.

coal balls • masses of calcium
carbonate that crystallize
inside coals from minerals
dissolved in groundwater.

Figure 3.36: Cretaceous land plants of Utah. A) Cross-section of the tree fern Tempskya,
approximately 30 centimeters (1 foot) wide. B) Reconstruction of the tree fern Tempskya. C) Fossil
leaf of a redwood, Sequoia coneata, approximately 10 centimeters (4 inches) long, from eastern
Utah. Sequoias were major contributors to Utah's coal beds.

Fossils and Coal
Coal is technically a metamorphic rock formed of highly
compressed and altered peat. As is the case in most
metamorphic rocks, this alteration (sometimes called
coalification) means that coal itself does not usually
contain well-preserved plant fossils. Instead, we learn
about the plants that make up coal from two kinds of fossils:
impressions and compressed plant parts left in shales
deposited above or below coal seams, and coal balls,
which are masses of calcium carbonate that crystalize
inside coals from minerals dissolved in groundwater,
protecting the plants they contain from alteration. Coal
balls are usually studied by slicing them with a saw,
polishing the sliced surfaces, and then making peels of
the surface using sheets of acetate. These coal-ball peels
are then examined under a microscope. See Chapter 6:
Energy for more information on coal in the Southwest.
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Figure 3.37: Cretaceous stratigraphy of the Colorado Plateau.

Figure 3.38: Cretaceous marine vertebrates of the Southwest. A) Restoration of Elasmosaurus,
a large plesiosaur from the Niobrara Chalk of Kansas and eastern Colorado, approximately
14 meters (46 feet) long. B) Mosasaur tooth, approximately 5 centimeters (2 inches) long. C)
Restoration of the late Cretaceous mosasaur Tylosaurus, approximately 15 meters (50 feet) long.
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Figure 3.39: Cretaceous marine mollusks of the Mancos Shale and Dakota Group. A) Bivalve,
Inoceramus sp., 10 centimeters (4 inches) wide. B) Bivalve, Exogyra trigeri, 8 centimeters (3
inches) wide. C) Bivalve, Exogyra laevis, 4 centimeters (1.5 inches) wide. D) Bivalve, Gryphaea
newberryi, 4 centimeters (1.5 inches) wide. E) Heteromorph ammonite, Didymoceras, 15
centimeters (6 inches) wide. F) Ammonite, Plesiacanthoceras, 15 centimeters (6 inches) in
diameter. G) Ammonite, Paracompsoceras, 20 centimeters (8 inches) in diameter. H) Restoration
of a living ammonite. I) Restoration of an orthocone cephalopod, Baculites, usually 3–4 centimeters
(2 inches) in diameter and up to 60 centimeters (2 feet) long.

Cephalopods
Cephalopods, such as squid, octopods, nautiloids,
ammonoids, and belemnites, are mollusks with tentacles
and beak-shaped mouths for catching prey. Some
cephalopods such as belemnites and living cuttlefish have
internal shells, while others have straight or coiled shells,
such as those of ammonoids or nautiloids. Still other
cephalopods, such as the octopus, have no shells. The
mass extinction at the end of the Cretaceous, famous for
eliminating the dinosaurs, also eliminated belemnites and
ammonoids, which had been extremely diverse during the
Mesozoic. Ammonoids are useful index fossils, especially
in Mesozoic rocks.
122

Fossils

3
Region 1
Pleistocene • a subset of the
Quaternary, lasting from 2.5
million to about 11,700 years
ago.

Figure 3.40: San Juan Basin Paleocene mammals. A) Skull and restoration of the multituberculate
Ptilodus mediaevus; body 30–50 centimeters (12–20 inches) long, skull approximately 6
centimeters (2.4 inches) long. B) Skull and restoration of Taeniolabis, a member of a condylarth
group known as taeniodonts, which had front teeth developed into tusks; body approximately
100 centimeters (39 inches) long, skull approximately 15 centimeters (6 inches) long. C) Skull
and restoration of another taeniodont, Onychodectes; body 60 centimeters (24 inches) long, skull
10 centimeters (4 inches) long. D) Jaw and restoration of the condylarth Periptychus; jaw 10
centimeters (4 inches) long. E) Skeleton and reconstruction of Tetraclaenodon, a member of a
condylarth group known as phenacodonts, which may have been closely related to the ancestors
of the modern perissodactyls (including horses and rhinos); body 75 centimeters (30 inches) long,
skull 11.5 centimeters (4.5 inches) long.

Between 40,000 and 10,000 years ago during the Pleistocene epoch, the
Shasta ground sloth (Nothrotherium shastense) inhabited Rampart Cave in the
Grand Canyon (Figure 3.42). Dung samples from this and other caves are rich
in well-preserved pollen and other plant material, which allows the diet of these
extinct animals to be reconstructed. The preserved dung also contains sloth
DNA. Like many other species of large mammals, these sloths became extinct
abruptly at the end of the Pleistocene, probably due at least in part to human
hunting. Until 1976, Rampart Cave contained the thickest and least disturbed
deposit of stratified Shasta ground sloth dung known to science.
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Figure 3.41: Idealized illustrations of fossil angiosperm plants from the late Cretaceous and
early Paleogene of the San Juan Basin of northern New Mexico. A). Osmunda, leaf size 20–150
centimeters (8–59 inches). B) Carya, leaflets 20–36 centimeters (8–14 inches). C) Allantodiopsis,
leaf size 5–17 centimeters (6–7 inches). D) Sequoia, individual leaves approximately 0.65
centimeters (0.25 inches) long. E) Platanus, 20 centimeters (8 inches). F) Magnolia, 15–17
centimeters (6–7 inches). G and H) Ficus, approximately 7.5 centimeters (3 inches). I) Cissus, 20
centimeters (8 inches).
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graptolite • an extinct
colonial invertebrate animal
characterized by individuals
housed within a tubular or
cup-like structure.

Figure 3.42: The Shasta ground sloth, Nothrotherium shastense. These sloths were 2.75 meters
(9 feet) long as adults and weighed approximately 250 kilograms (550 pounds). A) Preserved
sloth dung inside Rampart Cave, Arizona. B) Skeleton. C) Restoration.

Fossils of the Basin and Range
Region 2

Trilobites are extremely abundant and diverse in west-central Utah, in the
middle Cambrian rocks exposed in the House Range of Millard County (Figure
3.43). One of these trilobite species is especially familiar: Elrathia kingii is one
of the most abundant trilobite species found in North America, and is commonly
sold commercially. Utah’s middle Cambrian rocks (especially the Wheeler
Formation) also contain fossils of soft-bodied organisms, including arthropods,
sponges, brachiopods, and echinoderms, similar to those of the famous
Burgess Shale in British Columbia, Canada (Figure 3.44). Such exceptional
preservation was possible in part because these rocks formed from marine
sediments deposited in anoxic (very low-oxygen) conditions. Cambrian and
Ordovician fossils are also common in the rocks of southern Arizona (especially
Cochise County) and in southwestern and south-central New Mexico. In New
Mexico, the Bliss Formation contains at least 19 species of trilobites as well as
numerous brachiopods and conodonts.
The early Ordovician El Paso Formation and overlying Montoya Formation
extend from southern Arizona and New Mexico into western Texas. More than
400 species of marine invertebrates have been reported from these two units,
including trilobites, corals, brachiopods, bryozoans, nautiloids, gastropods,
graptolites, and the oldest known crinoids in the world (Figures 3.45 and
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Figure 3.43: Trilobites from the middle Cambrian of western Utah. A) Kootenia spencei,
approximately 6 centimeters (2 inches) long. B) Itagnostus interstictus, approximately 0.6
centimeters (0.2 inches) long. C) Genevievella granulata, approximately 3 centimeters (1.3
inches) long. D) Chancia ebdome, approximately 4 centimeters (1.6 inches) long. E) Athabaskia
bithus, approximately 5 centimeters (2 inches) long. F) Elrathia kingii, approximately 2.5
centimeters (1 inch) long. G) Asaphiscus wheeleri, approximately 6 centimeters (2.4 inches) long.
H) Amecephalus idahoense, approximately 5 centimeters (2 inches) long.
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Trilobites are iconic Paleozoic fossils; they were more
common in the Cambrian and Ordovician than in later
periods, and became extinct at the end of the Permian.
They were marine arthropods, and had well-defined head,
tail, and thoracic (leg-bearing) segments. Most had large
compound eyes, often with lenses that are visible to the
naked eye. In life, they had antennae like many other
arthropods, but since these were not mineralized, they
only fossilize under exceptional circumstances. Many
could roll up for protection, and several species also had
large spines.

Sponges
Sponges (Phylum Porifera) are the simplest major
group of animals; their earliest fossils appear in the late
Precambrian. Most modern sponges live in the ocean
and usually have basket-shaped bodies. They live by
filtering food and oxygen out of water pumped in through
openings in their body walls and out through a larger
opening at the top. The familiar bath sponge has no
mineralized skeleton, but many other kinds of sponges
have skeletons composed of tiny structures called
spicules, which are made of calcium carbonate (CaCO3)
or silica (SiO2). It is these skeletonized sponges that have
the greatest likelihood of becoming fossils. Over their long
history, such sponges have frequently been important
contributors to reefs and reef-like mounds.

Figure 3.44 (AT LEFT): Exceptionally preserved Cambrian fossils from western Utah Lagerstätten.
A) Sponge, Valospongia, approximately 17 centimeters (7 inches) tall. B) Worm, Wronascolex
ratcliffei, approximately 12.5 centimeters (5 inches) long. C) Wiwaxia, fossil and reconstruction,
approximately 3.6 centimeters (1.4 inches) long. Wiwaxia's classification is subject to debate,
and it is currently classified as either an annelid or mollusk. D) Arthropod, Nettapezoura basilica,
approximately 13.5 centimeters (5 inches) long. E) Echinoderm, Gogia, fossil and reconstruction,
approximately 5 centimeters (2 inches) long. Gogia belongs to a primitive group of echinoderms
known as eocrinoids, which existed from the Cambrian to Silurian periods.
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Carboniferous • a geologic
time period that extends from
359 to 299 million years ago.

uplift • upward movement of
the crust due to compression,
subduction, or mountain
building.

Figure 3.45: Ordovician marine invertebrates from the Basin and Range region (Bliss, El Paso,
Montoya formations). A) Trilobite, Presbynileus, approximately 3.7 centimeters (1.5 inches) long.
B) Trilobite, Illaenurus, approximately 4 centimeters (1.6 inches) long. C) Trilobite, Hintzeia,
approximately 2.5 centimeters (1 inch) long. D) Trilobite, Briscoia (head and tail), approximately
2 centimeters (0.75 inches) wide. E) Nautiloid, Bisonoceras, approximately 10 centimeters (4
inches) long. F) Restoration of the world's oldest known crinoid, Titanocrinus sumralli, from
the Ordovician of Utah, approximately 20 centimeters (8 inches) tall. G) Edrioasteroid (extinct
group of encrusting echinoderms), approximately 7 millimeters (0.3 inches) wide. H) Brachiopod,
Shoshonorthis, approximately 2 centimeters (0.75 inches) long. I) Sea star, 4 centimeters (1.6
inches) wide.

3.46). Ordovician rocks also occur in scattered outcrops across west-central
and northwest Utah, and contain some of the most diverse and best preserved
marine assemblages of this age anywhere in the world. Silurian-aged rocks
are much less abundant in the Basin and Range than are older or younger
rocks. In Millard County, Utah, Silurian rocks contain corals and brachiopods. In
southern New Mexico and central Arizona, middle and late Devonian deposits
contain abundant and diverse marine fossils, especially brachiopods, corals,
and bryozoans (Figures 3.47–3.49).
Carboniferous rocks in the Basin and Range represent an archipelago of
warm, shallow seaways and uplifted islands. The Mississippian Escabrosa
Limestone in south-central Arizona is similar to the Grand Canyon’s Redwall
Limestone. Although many fossils in the Escabrosa are not as well preserved
as those in the Redwall, the unit still contains abundant crinoids, mollusks,
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Crinoids
Crinoids are echinoderms, related to sea urchins and sea
stars. These invertebrate animals feed by using their arms
to filter food out of the water. Most are attached to the
sediment by a stalk that ends in a root-like structure called
the holdfast—some forms, however, are free floating.
Crinoid fossils are most commonly found as "columnals,"
pieces of the stalk that hold the head (calyx) above the
surface. The calyx and the holdfast are only occasionally
preserved as fossils. Crinoids are still around today;
those in shallow water are mostly stalkless, while those
with stalks are restricted to deep water.

Crown and stem, about
15 centimeters (6 inches)
long.

3
calyx • the head of a crinoid.

Stem fragments.

bivalves, brachiopods, corals, bryozoans, and foraminifera (Figure 3.50).
Mississippian marine invertebrates are also abundant in Utah, and there is a
strong Pennsylvanian fossil record in New Mexico. Fusulinid foraminifera (Figure
3.51) are the most important group for biostratigraphy in the Carboniferous
and Permian rocks of the Basin and Range. More than 200 species of these
creatures have been described from Pennsylvanian and Permian rocks in the
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Figure 3.46: Graptolites from the Basin and Range region. A) Didymograptus, scale in centimeters.
B) Phyllograptus, approximately 3.5 centimeters (1.4 inches) long. C) Clonograptus, scale in
centimeters.

Figure 3.47: Thamnopora, a Devonian bryozoan from Utah.

130

Fossils
Graptolites
Graptolites (meaning "rock writing") are an extinct group
of colonial, free-floating organisms. They lived from the
Cambrian to the Carboniferous, and were relatives of
modern hemichordates such as acorn worms. Graptolites
are frequently preserved as thin, black, sawbladelike streaks across black shale; tiny cups along these
structures held individual animals. Graptolites are often
useful as index fossils.

3
Region 2
chordate • an animal that has
a notochord, a hollow dorsal
nerve cord, pharyngeal gill
slits, an endostyle, and a postanal tail during at least one
stage of its development.

A) Specimen with many fragments of colonies of Climacograptus.
Slab is 7.5 centimeters (3 inches) on each side. B) Restoration of
what graptolite colonies may have looked like when they were
alive, floating in the water.

Big Hatchet Mountains of Hidalgo County in southwestern New Mexico. Other
Pennsylvanian marine invertebrates found in the Basin and Range include
corals, bryozoans, gastropods, bivalves, trilobites, and (as usual) brachiopods.
The Pennsylvanian Naco Formation near Payson, Arizona (just south of the
southern edge of the Colorado Plateau) also contains the teeth of many types
of fossil sharks (Figure 3.52). Nonmarine Pennsylvanian fossils in central and
southern New Mexico include freshwater fishes, plants, and insects, as well as
terrestrial amphibians and reptiles.
As the ocean receded from the Southwest during the Permian, the Basin and
Range transitioned to a mainly terrestrial environment. Marine sediments are
exposed in a few places—red beds in the Los Pinos Mountains of Socorro
County, New Mexico contain abundant fossil lungfish burrows, and Permian
outcrops in western Utah contain fusulinids, conodonts, bivalves, and
brachiopods (Figure 3.53). In New Mexico’s Permian rocks, the footprints of
terrestrial vertebrates are widespread and abundant. Reptile and amphibian
prints in the Abo and Robledo Mountain formations, for example, are the basis
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sessile • unable to move,
as in an organism that is
permanently attached to its
substrate.

rugose coral • an extinct
group of corals that were
prevalent from the Ordovician
through the Permian.

tabulate coral • an extinct
form of colonial coral that often
formed honeycomb-shaped
colonies of hexagonal cells.

Figure 3.48: Silurian and Devonian corals from the Basin and Range region. A) Colonial tabulate
coral, Favosites, approximately 12 centimeters (5 inches) wide. B) Colonial rugose coral,
Hexagonaria (polished section), individual corallites approximately 12 millimeters (0.4 inches)
in diameter. C) Fossil assemblage consisting of the corals Diphyllum and Syringopora, and
stromatoporoid sponge; approximately 20 centimeters (8 inches) wide. D) Branching tabulate
coral, Cladopora.

Corals
Corals are sessile relatives of jellyfish and sea anemones.
They possess stinging tentacles, which they use to feed
on small planktonic prey. Each group of coral possesses
distinctly shaped "cups" that hold individual animals, or
polyps. Colonial corals live in colonies of hundreds or
even thousands of individuals that are attached to one
another. Solitary coral lives independently, as a single
isolated polyp.
Rugose corals were both colonial and solitary. (Solitary
forms are often called "horn corals.") Tabulate corals
were exclusively colonial and produced a variety of
shapes, including sheetlike and chainlike forms. These
corals receive their name from the table-like horizontal
partitions within their chambers. Both rugose and tabulate
corals went extinct at the end of the Permian. Modern
corals―scleractinians―first appeared in the Triassic,
and include both solitary and colonial species. Many
scleractinian corals have photosynthetic symbiotic algae
in their tissues, called zooxanthellae. These algae provide
nutrition to the coral polyps, helping them to grow more
rapidly.
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scleractinian coral • a
colonial or solitary marine
invertebrate animal
characterized by an encrusting
calcareous skeleton enclosing
polyps that capture prey with
small tentacles equipped with
stinging cells (nematocysts).

Lagerstätte • fossil deposit
containing animals or plants
that are preserved unusually
well, sometimes even
including the soft organic
tissues.

Figure 3.49: Devonian brachiopods from the Basin and Range region. A) Camarotechia, 3
centimeters (1.2 inches) wide. B) Allanaria, 3 centimeters (1.2 inches) wide. C) Rhipodomella, 3
centimeters (1.2 inches) wide. D) Cyrtiopsis, 3 centimeters (1.2 inches) wide. E) Ambothyris, 1
centimeter (0.4 inches) wide. F) Paurorhynchia, 3 centimeters (1.2 inches) wide. G) Atrypa, 1.5
centimeters (0.6 inches) wide. H) Stringocephalus, 3 centimeters (1.2 inches) wide. I) Cluster of
Devonian brachiopods from Arizona (Schizophoria iowensis), approximately 20 centimeters (8
inches) wide. The original calcite shells have been replaced with silica.

for the recent establishment of Prehistoric Trackways National Monument
near Las Cruces in Doña Ana County (Figure 3.54). This area contains one of
the most abundant assemblages of nonmarine Paleozoic trace fossils in the
world, with more than 20 different kinds of traces, and it has been called an
“ichnofossil Lagerstätte.”
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Brachiopods
Brachiopods are filter-feeding animals that have two
shells and are superficially similar to bivalves (such as
clams). Instead of being mirror images between shells
(symmetrical like your hands), brachiopod shells are
mirror images across each shell (symmetrical like your
face). There are two major types of brachiopod shells,
distinguished by how the two valves connect to each other:
articulate brachiopods have tooth-and-socket hinges that
tightly interlock, whereas inarticulate brachiopod shells
lack hinge structures entirely. Internally, brachiopods are
substantially different from bivalves, with a lophophore
(filter-feeding organ made of thousands of tiny tentacles),
and a small and simple gut and other organs. Bivalves, in
contrast, have a fleshier body and collect their food with
large gills.

The difference between the shells of a typical
brachiopod (left) and a typical bivalve mollusk (right).
Most brachiopods have a plane of symmetry across
the valves (shells), whereas most bivalves have a
plane of symmetry between the valves.
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Figure 3.50: Carboniferous marine invertebrates from the Basin and Range. A) Solitary
rugose coral, Caninia, side and top view, approximately 2.75 centimeters (1.08 inches) tall. B)
Mississippian brachiopod, Inflatia inflatus, approximately 3 centimeters (1.2 inches) wide. C)
Mississippian brachiopod, Ovatia (Linoproductus) ovatus, approximately 1.6 centimeters (0.6
inches) wide. D) Pennsylvanian brachiopod, Composita trilobata, approximately 2 centimeters (0.8
inches) wide. E) Mississippian brachiopod, Spirifer centronatus, approximately 3.5 centimeters
(1.4 inches) wide. F) Pennsylvanian brachiopod, Derbya crassa, approximately 2.5 centimeters
(1 inch) wide. G) Pennsylvanian brachiopod, Schizopora texana, approximately 2.5 centimeters
(1 inch) wide. H) Bryozoan, Anisotrypa, approximately 2 centimeters (0.8 inches) tall. I) Bryozoan,
Fenestella, approximately 2 centimeters (0.8 inches) tall. J) Bryozoan, Archimedes, approximately
5 centimeters (2 inches) tall. K) Ammonoid, Cravenoceras hesperium, approximately 1.75
centimeters (0.7 inches) in diameter. L) Gastropod, Euomphalus utahensis, approximately 1.3
centimeters (0.5 inches) diameter. M) Crinoid stem columnals, approximately 1 centimeter (0.4
inches) in diameter.

Figure 3.51: Single-celled fusulinid foraminifera from the Pennsylvanian. A) A cluster of the shells,
roughly the size and shape of large rice grains. B) Photograph of a cross-section through a single
fusulinid, as seen through a microscope.
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rudists • an extinct group of
box- or tube-shaped bivalves
that arose during the Jurassic.

tetrapod • the first fourlimbed animals (early land
vertebrates) and all of their
descendants.
Figure 3.52: Pennsylvanian shark, Petalodus. A) Tooth. B) Restoration, approximately 1 meter (3
feet) long.

Figure 3.53: Permian marine fossils of Utah. A) Brachiopod, Bathymyonia (Pustula) nevadensis,
approximately 3.5 centimeters (1.4 inches) wide. B) Bivalve, Acanthopecten, approximately 2.6
centimeters (1.1 inches) wide. C) Brachiopod, Dictyoclostus bassi, approximately 9 centimeters
(3.5 inches) wide. D) Brachiopod, Spiriferina (Punctospirifer) pulcher, approximately 5.25
centimeters (2 inches) wide. E) Conodont elements, approximately 0.4 millimeters long. F)
Brachiopod, Neospirifer triplicatus, approximately 4 centimeters (1.6 inches) wide.
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Neogene • the geologic time
period extending from 23 to
2.6 million years ago.

mastodon • an extinct
terrestrial mammal belonging
to the Order Proboscidea,
characterized by an elephantlike shape and size, and
massive molar teeth with
conical projections.
Figure 3.54: Possible footprint of Dimetrodon (see also Figure 3.12), from the Abo Formation at
Prehistoric Trackways National Monument.

Mesozoic marine rocks are uncommon in the Basin and Range. While marine
environments spread over the area multiple times during the Mesozoic, many
of the corresponding rocks have been destroyed by erosion or buried by other
sediments. Outcrops containing marine fossils include the Triassic Moenkopi,
Dinwoody, and Thaynes formations; the Jurassic Twin Creek, Carmel, and
Curtis formations; and the Cretaceous Aspen-Mowry Shale and Dakota beds.
Ammonoids, snails, fish scales, and bivalves are found in these rocks (Figures
3.55 and 3.56); rudistid bivalves are uncommon, but have been found at
a number of Cretaceous localities in New Mexico. In Washington County,
southwesternmost Utah, late Triassic-aged rocks exposed at the St. George
Dinosaur Discovery Site preserve an extraordinary diversity and abundance of
trackways, as well as the skeletal remains of dinosaurs and other tetrapods,
fish, and terrestrial plants (see Figures 3.17–3.19 and 3.21).

mammoth • an extinct
terrestrial mammal belonging
to the Order Proboscidea,
from the same line that gave
rise to African and Asian
elephants.

Above the Cretaceous-Paleogene (K-Pg) boundary, the rocks of southeastern
and west-central Arizona and central and southern New Mexico are rich
in Neogene land mammals (Figures 3.57–3.59). These deposits include
proboscideans such as Gomphotherium, Cuvieronius, and Stegomastodon,
as well as the American mastodon (Mammut americanum) and at least two
species of mammoth (Mammuthus columbi and M. meridionalis). Also present
are camels (Stenomylus, Protolabis, Michenia, Megacamelus, Megatylopus,
Hemiauchenia, Procamelus), rhinos (Diceratherium, Teleoceras), carnivores
(Borophagus), horses (Dinohippus, Onohippidium, Nannippus, Equus giganteus,
E. simplicidens, and E. occidentalis), ground sloths (Megalonyx leptostomus,
Glossotherium chapadmalense), and the glyptodont Glyptotherium texanum,
as well as many kinds of rodents (including the earliest known species of
porcupine) and rabbits.
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Figure 3.55: Mesozoic bivalves of the Basin and
Range region. A) Claria, Triassic, 2.25 centimeters
(0.9 inches) long. B) Unio, Triassic, 3.5 centimeters
(1.4 inches) long. C) Camptonectes platessiformis,
Jurassic, 3 centimeters (1.3 inches) long. D) Cardium
curtum, Cretaceous, 1.5 centimeters (0.6 inches)
across. E) Meleagrinella (Eumicrotis) curta, Jurassic,
2.5 centimeters (1 inch) across. F) Myophorella
montanensis, Jurassic, 5 centimeters (2 inches)
across. G) Gryphaea nebrascensis, Jurassic,
3 centimeters (1.3 inches) across. H) Exogyra
columbella, Cretaceous, 3 centimeters (1.3 inches)
across. I) Inoceramus labiatus, Cretaceous, 3.5
centimeters (1.4 inches) across. J) Reconstruction of
a rudistid bivalve growing on a dead ammonoid shell
on the sea floor.

Bivalves
Clams and their relatives, such as mussels, scallops,
and oysters, are mollusks possessing a pair of typically
symmetrical shells. Most are filter feeders, collecting
food with their gills. Paleozoic bivalves typically lived
on the surface of the sediment ("epifaunally"), but in the
Mesozoic they evolved the ability to burrow more deeply
into the sediment, becoming "infaunal." This innovation
led to the rapid evolution of a large number of groups
present in today’s oceans.
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Figure 3.56: Mesozoic ammonoids of Utah. A) Columbites, Triassic, 4.75 centimeters (1.9 inches)
in diameter. B) Anasibrites, Triassic, 2.5 centimeters (1 inch) in diameter. C) Flemingites, Triassic,
3 centimeters (1.2 inches) in diameter. D) Meekoceras, Triassic, 3 centimeters (1.2 inches) in
diameter. E) Scaphites warreni, Cretaceous, 3 centimeters (1.2 inches) in diameter. F) Cadoceras,
Jurassic, 5 centimeters (2 inches) in diameter. G) Scaphites ventricosus, Cretaceous, 4.75
centimeters (1.9 inches) in diameter. H) Clioscaphites vermiformis, Cretaceous, 4.75 centimeters
(1.9 inches) in diameter. I) Colligniceras woolgari, Cretaceous, 3 centimeters (1.3 inches) in
diameter.

Figure 3.57: Mammals of the Basin and Range region. A) Horse, Equus simplicidens, skull
and reconstruction, height 110–145 centimeters (43–57 inches) at the shoulder. B) Camel,
Procamelus, skull, approximately 28 centimeters (11 inches) long. C) Rhinoceros, Teleoceras,
skull and restoration, body approximately 4 meters (13 feet) long.
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Ammonoids
Ammonoids are a major group of cephalopods that lived
from the Devonian to the end of the Cretaceous. Both
nautiloids (the group that today contains the chambered
nautilus) and ammonoids have chambered shells
subdivided by walls, or septa (plural of septum). These
shells are frequently, but not always, coiled. The term
"ammonoid" refers to the larger group of these extinct
cephalopods, distinguished by complex, folded septa.
Within ammonoids, "ammonites" is a smaller sub-group,
distinguished by the extremely complex form of their
septa. Ammonites were restricted to the Jurassic and
Cretaceous periods. The form of the septa in nautiloids
and ammonoids is not visible in a complete shell; it is most
often seen in the trace of the intersection between the
septum and the external shell. This trace is called a suture.
Sutures are usually visible in fossils when sediment has
filled the chambers of a shell, and the external shell has
been broken or eroded away.

Ammonite shell break-away cross-section; surface plane of a septum
and sediment-filled chamber.

Figure 3.58 (AT RIGHT): Glyptodont. A) Skeleton, with and without the external armor. B) Detail of
the bony scutes that formed the solid outer armor. Glyptodonts reached lengths of up to 3 meters
(10 feet).
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Figure 3.59: Restorations of A) Gomphotherium, approximately 2.3 meters (7.5 feet) high at the
shoulder. B) Columbian mammoth, Mammuthus columbi, approximately 4 meters (13 feet) high at
the shoulder. C) American mastodon, Mammut americanum, approximately 2.3 meters (7.5 feet)
high at the shoulder.
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Mastodons and Mammoths
These two kinds of ancient elephants (or, more technically,
proboscideans) are frequently confused. Both were
common during the Pleistocene, but they had different
ecological preferences and are usually found separately.
Mammoths are close cousins of modern African and Asian
elephants; mastodons are more distant relatives, from a
separate line of proboscideans that branched off from the
modern elephant line in the Miocene. Mastodons have a
shorter, stockier build and longer body; mammoths are
taller and thinner, with a rather high "domed" skull. In
skeletal details, the quickest way to tell the difference is by
the teeth: mastodons have teeth with conical ridges, a bit
like the bottom of an egg carton; mammoths, in contrast,
have teeth with numerous parallel rows of ridges. The teeth
are indicative of the two species' ecological differences.
Mastodons preferred to bite off twigs of brush and trees,
while mammoths preferred tough siliceous grasses.
Thus, mastodon teeth are more suitable for cutting, while
mammoth teeth are more suitable for grinding. Both
mammoths and mastodons became extinct around 10,000
years ago.

A mastodon tooth,
suitable for chewing
twigs and tree leaves.
Approximately 20
centimeters (8–9 inches)
long.

A mammoth tooth, suitable for grinding grass
and softer vegetation.
Approximately 25 centimeters (1 foot) long.
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Precambrian • a geologic
time interval that spans
from the formation of Earth
(4.6 billion years ago) to the
beginning of the Cambrian
(541 million years ago).

eukaryotes • organisms with
complex cells containing a
nucleus and organelles.

pteraspidomorph • a member
of a group of jawless fish with
extensive head armor that
lived mostly in coastal marine,
and possibly freshwater,
bottom environments.

Fossils
Fossils of the Rocky Mountains
Region 3

Late Precambrian rocks (approximately 1.8 billion years old) are exposed in
northeastern Utah, where they contain what may be the oldest known fossils
in the region: acritarchs. These unique fossils are probably the resting stages
of single-celled eukaryotic plankton (see Figure 3.4B). Precambrian rocks of
the Rocky Mountains also contain stromatolites, layered domes of sediment
formed by mats of bacteria living in a shallow sea (see Figure 3.3).
Shallow marine waters continued to cover most of this area through the early
part of the Paleozoic (Cambrian-Silurian), supporting a great diversity of life
including trilobites, graptolites, brachiopods, and cephalopods (see Figures
3.43, 3.45, and 3.46). The Ordovician Harding Sandstone of central Colorado is
famous for containing some of the oldest known fossil bone in the world, which
belonged to fishes called pteraspidomorphs (Figure 3.60). These animals
lacked jaws, but much of their bodies were covered with a bony shell made
of numerous small plates. The Harding Sandstone’s depositional environment
was once thought to be fresh or brackish water, but now most geologists believe
it was part of a shallow marine setting. The late Paleozoic saw these seas
retreat, and some Pennsylvanian layers in central Colorado, including the area
around Vail and Miturn in Eagle County, accumulated in terrestrial environments
such as rivers, lakes, swamps, and floodplains (Figure 3.61). Some of these
sediments include significant coal deposits (see Figures 3.9 and 3.35). The
Permian Lyons Sandstone,
deposited as a series of
See Chapter 6: Energy for more
desert sand dunes, contains
abundant fossil insects and
information about Colorado's
the footprints of various
coal deposits and mines.
reptiles and amphibians (see
Figure 3.11).
The Jurassic Morrison Formation is exposed across much of central Colorado,
including around Denver, at a site known as Dinosaur Ridge. This National
Natural Landmark is located in Morrison, Colorado, just west of Denver. The
site includes tilted exposures of the Morrison Formation (on the west side of
the Ridge), from which many dinosaur skeletons were collected in the late
nineteenth century (see Figures 3.24 and 3.25). The rocks on the east side of
the Ridge are part of the Cretaceous Dakota Formation and contain hundreds
of dinosaur footprints (see Figure 3.27). The Dakota Sandstone, which is also
exposed at Red Rock Canyon
in Colorado Springs, overlies
The early Cretaceous Purgaboth the Purgatoire and
toire Formation is the source
Morrison formations and
of a recently described hadrostretches into the Colorado
saur dinosaur: the bones of
Plateau. The Dakota is well
Theiophytalia kerri had been
known for its terrestrial and
misidentified as Camptosaurus
marine fossils. The formation
when they were found in 1878.
contains abundant terrestrial
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Figure 3.60: The jawless fossil fish Astraspis from the Ordovician Harding Sandstone of Colorado.
A) One of the bony scutes that covered the fish's articulated exoskeleton, approximately 1
centimeter (0.4 inches) long. B) Restoration, about 30 centimeters (1 foot) long.

Figure 3.61: The Pennsylvanian period in the ancestral Rockies. Artist's reconstruction of the
landscape of central Colorado during the Pennsylvanian period, with large stands of giant club
mosses (lycopods).
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Paleocene • a geologic time
interval spanning from about
66 to 56 million years ago.

shale • a dark, fine-grained,
laminated sedimentary rock
formed by the compression of
successive layers of silt- and
clay-rich sediment.

chert • a sedimentary rock
composed of microcrystaline
quartz.

limestone • a sedimentary
rock composed of calcium
carbonate (CaCO3 ).

lacustrine • of or associated
with lakes.

system • a set of connected
things or parts forming a
complex whole.

Fossils
plants, occasional dinosaur footprints (attributed to Iguanodon and Ankylosaurus) and skeletal remains, and abundant marine invertebrates, especially
mollusks and fish (see Figure 3.39). The layers above the Dakota are also rich
in marine fossils. The Fort Hayes Limestone and Codell Sandstone, exposed
in Red Rock Canyon and many other areas, contain abundant ammonites,
bivalves, and shark teeth.
The Cretaceous Raton Formation of northern New Mexico preserves an
abundant fossil record from the latest Cretaceous period. It is also the source
of what is widely accepted as the only known footprint of Tyrannosaurus rex
(see Figure 3.32B). The Raton Basin in northern New Mexico is also the only
area of New Mexico where the K-Pg boundary is preserved—this boundary is
also visible on South Table Mountain south of Denver.
Above the K-Pg boundary, Paleocene mammals (mostly represented by teeth)
are found near Golden, Colorado. Nearby at Castle Rock, on the margin of
the Denver Basin, is a very high-diversity assemblage of fossil leaves, which
appears to represent the oldest known tropical rainforest (Figure 3.62), in
existence just 1.4 million years after the end-Cretaceous extinction.
The Green River Formation is a layer (600–2000 meters [1970–6560 feet]
thick) of brown to cream-colored shale, with occasional layers of chert and
limestone, which outcrops across a large area of southwest Wyoming,
northwest Colorado, and northwest Utah. The Green River comprises the
largest known accumulation of lacustrine sedimentary rock in the world. Its
sediments accumulated in a system of lakes that covered this area during the
Eocene, between 58 and 40 million years ago (Figure 3.63). The Green River is
famous for the great number of well-preserved fossils found in its lake and river
sediments, especially aquatic
organisms such as fish,
See Chapter 6: Energy to learn
gastropods, and algae, but
also many terrestrial plants
more about the organic-rich
and animals (Figure 3.64),
Green River Formation and the
including insects, birds, and
oil shale it contains.
mammals. The formation
also contains a large amount
of oil shale.
The Uinta Formation, exposed in the Uinta Mountains of northeastern Utah
(about 42–45 million years old), is famous for its middle Eocene mammals,
including marsupials, insectivores, primates, rabbits, rodents, hoofed mammals,
condylarths (see Figure 3.40), and primitive carnivores known as creodonts
(Figure 3.65).
One of the most amazing fossil occurrences in the Southwest is found at
Florissant Fossil Beds National Monument in Teller County, central Colorado.
There, 35-million-year-old lake sediments from the late Eocene epoch contain
a huge diversity of extraordinarily preserved plant and animal fossils (Figure
3.66). Florissant's fossils were the result of massive volcanic eruptions nearby,
which deposited a variety of volcanic layers including lahars, pyroclastic ash,
and pumice. The layers dammed streams to form a lake that was then filled with
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Eocene • a geologic time
period extending from 56 to 33
million years ago.

creodont • a member of an
informal (not evolutionary)
group of carnivorous
mammals.

volcanism • the eruption of
molten rock onto the surface
of the crust.

lahar • a pyroclastic debris
flow or mudflow that typically
flows down river valleys after a
volcanic eruption.

pyroclastic rocks • rocks that
form during explosive volcanic
eruptions, and are composed
of a variety of different
volcanic ejecta.
Figure 3.62: Fossils from an early Paleocene rainforest, at Castle Rock, alongside Interstate
25 near Denver, Colorado. Some of the fossil leaves are so well preserved that original leaf
material is present. A) Undescribed fern leaves. This split slab of rock shows the abundance of
fossil leaves at the site. B) An undescribed angiosperm species. This specimen shows insect
damage. C) Allantodiopsis erosa. The elongated tip of this leaf is called a "drip tip," which helps
the leaf shed water in very wet conditions. Drip tips are common in modern tropical rainforests. D)
"Zizyphus" fibrillosus. This leaf may be related to the modern buckthorn.

pumice • a pyroclastic rock
that forms as frothing and
sputtering magmatic foam
cools and solidifies.

additional volcanic deposits, as well as layers of diatoms, forming sediments
known as diatomite. The extraordinary preservation of fossils in this lake may
have been caused by an interaction of the volcanic ash with algal mats in the
lake, inhibiting decomposition. Most conspicuous among the Florissant fossils
are numerous large petrified tree stumps similar to modern sequoias, which
are among the largest-diameter fossilized trees in the world. Fossils of fruits,
seeds, cones, and flowers are also abundant. Among the animals preserved
at Florissant are more than 1500 species of spiders and insects, including
grasshoppers, butterflies, moths, wasps, bees, ants, mosquitos, crickets, flies,
and many other types of beautifully preserved arthropods. Vertebrate remains
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climate • a description of the
average temperature, range
of temperature, humidity,
precipitation, and other
atmospheric/hydrospheric
conditions a region
experiences over a period
of many years (usually more
than 30).

Figure 3.63: The size and location of various lakes in which the Green River sediments were
deposited at different times during the Eocene epoch.

include fish, birds, and a few mammals. Based on these fossil remains—the
plants, in particular—scientists estimate that the climate of the Eocene was
significantly warmer than
it is today. The modern
See Chapter 8: Climate to learn
mean annual temperature
how changes in climate have
at Florissant is around 4°C
influenced life in the Southwest
(39°F), while the estimated
throughout geologic time.
mean annual temperature
during the Eocene was 13°C
(55°F).
In 2010, discoveries near Snowmass Village, Colorado revealed one of the
most significant sites of large Pleistocene mammals ever found in North
America. There, more than 4500 bones were recovered, representing more
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Figure 3.64: Fossil insects and plants from the Green River Formation of Utah and Colorado.
A) Unidentified beetle, about 1 centimeter (0.4 inches) long. B) Beetle (weevil), 13 millimeters
(0.5 inches) long. C) Scorpionfly, 2.5 centimeters (1 inch) long. D) Robber fly, 11 millimeters
(0.4 inches) long. E) Maple leaf, Acer sp., 6.25 centimeters (2.5 inches) wide. F) Planetree leaf,
Platanus wyomingensis, 14.5 centimeters (5.7 inches) wide. G) Poplar leaf, Populus willmattae,
7.3 centimeters (2.9 inches) long. H) Legume leaf, Leguminosites lesquereuxiana, 3 centimeters
(1.2 inches) wide.

ice age • a period of global
cooling of the Earth’s surface
and atmosphere, resulting in
the presence or expansion of
ice sheets and alpine glaciers.

Figure 3.65: Uinta Formation mammals. A) Skull of the phenacodont Tetraclaenodon, approximately
23 centimeters (9 inches) long. B) Restoration of the creodont Hyaenodon, approximately 2
meters (6 feet) long. C) Skull of the artiodactyl Protoreodon, approximately 17 centimeters (6.7
inches) long. D) Restoration of Protoreodon, approximately 70 centimeters (28 inches) long.

than 40 types of ice age animals. Larger mammals included mastodons and
mammoths, bison, deer, horses, camels, and ground sloths. Smaller mammals
included otters, beavers, chipmunks, rabbits, muskrats, and mice. Birds,
snakes, and lizards were also discovered. This site provides an amazingly wellpreserved snapshot into Colorado's ice age environment.
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silica • a chemical compound
also known as silicon dioxide
(SiO2 ).

calcium carbonate • a
chemical compound with the
formula CaCO3, commonly
found in rocks in the mineral
forms calcite and aragonite, as well as in the shells
and skeletons of marine
organisms.

Figure 3.66: Fossil plants and insects from the Florissant Fossil Beds of Colorado. A) Fossil
redwood stump, approximately 2 meters (6 feet) in diameter. B) Fossil angiosperm leaf, slab
approximately 5 centimeters (2 inches) across. C) Fossil wasp, Palaeovespa florissantia,
approximately 2 centimeters (0.8 inches) long. D) Crane fly, approximately 2.5 centimeters (1
inch) long. E) Wasp and cypress leaves, approximately 5 centimeters (2 inches) long.

Fossils of the Great Plains
Region 4

The Great Plains of eastern Colorado, northern New Mexico, Oklahoma,
Kansas, and northern Texas are dominated by Mesozoic- and Cenozoic-aged
rocks. In the southeastern corner of New Mexico, however, is an extension of
the Permian Basin. During the Permian period, this area contained a marine
environment. Today, it is home to the largest, best preserved, most accessible,
and most intensively studied Paleozoic reef in the world—the Capitan Reef
(Figure 3.67)—which stood about 600 meters (2000 feet) above the adjacent
deep sea basin. Many of the region’s reef fossils are silicified; that is, they were
preserved through replacement of their original calcium carbonate (CaCO3)
shells by silica (SiO2). The late Permian rocks of westernmost Texas and
southeasternmost New Mexico contain almost 1000 species of brachiopods
(Figure 3.68), sponges, gastropods, foraminifera, algae, and other marine
organisms.
The Cretaceous rocks of Colorado produce an abundance and diversity of
marine fossils from the end of the Mesozoic. Fossils of ammonoids, bivalves,
fish, and marine reptiles document the life of the shallow sea (Figure 3.69; see
also Figures 3.38 and 3.39). Along the sea’s margins to the west, dinosaur
footprints and flowering plants are preserved in what were once forested and
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chalk • a soft, fine-grained,
easily pulverized, white-tograyish variety of limestone,
composed of the shells of
minute planktonic single-celled
algae.

gravel • unconsolidated,
semi-rounded rock fragments
larger than 2 millimeters (0.08
inches) and smaller than 75
millimeters (3 inches) across.

Figure 3.67: Permian reefs of southeastern New Mexico and western Texas. This map illustrates
the paleogeographic relationship of the reefs to the topographic lows and highs of the shallow sea
that covered the area during the Permian. The reef occupied the rim of the Delaware Basin, an
extension of the Permian Basin.

silt • fine granular sediment
most commonly composed
of weathered grains of quartz
and feldspar, of grain diameter
1/250 to 1/16 millimeters.

Pliocene • a geologic time
interval extending from roughly
5 to 2.5 million years ago.

swampy coastal areas. To the east, the fossils of open-water animals, such
as mosasaurs, plesiosaurs, turtles, sharks, and other fishes—including the
massive Xiphactinus—are preserved. In addition to strictly aquatic animals,
the Cretaceous deposits of Colorado also preserve the remains of pterosaurs
and toothed birds. These fossils are generally preserved in deposits of chalk
(which is itself formed mostly from the shells of single-celled plankton) that
accumulated at the bottom of the sea 80 to 90 million years ago.
Following the retreat of the Western Interior Seaway and the rise of the Rocky
Mountains to the west, the Paleogene-era Great Plains saw deposition by
streams carrying gravel, sand, and silt eroding off the Rockies to the west.
Wide, shallow valleys were filled with sediment, creating a broad, gently dipping plain. Tropical forests (including the world’s oldest known tropical rainforest at Castle Rock, Colorado; see Figure 3.62) growing along the margins
of the new Rockies were home to mammals, crocodiles, and turtles. Fossils
of fishes, plants, and insects are preserved within the lake deposits. Later in
the Cenozoic, during the Miocene to Pliocene epochs, the climate cooled and
dried, and this led to major changes in the region’s fauna. For example, the
Ogallala Formation of New Mexico contains abundant fossils of primitive horses and land tortoises (Figure 3.70), as well as mammal footprints.
151

3

Fossils

Region 4

Figure 3.68: Capitan reef fossil brachiopods. A) Prorichtofenia permiana, approximately
6 centimeters (2.5 inches) tall. B) Ametoria residua, 3.7 centimeters (1.5 inches) wide. C)
Grandaurispina sp., 8.5 centimeters (3.3 inches) wide. D) Collematra gregaria, cluster of large
pedicle valves, 15 centimeters (6 inches) long. E) Collematra elongata, pedicle valve, 6.6
centimeters (2.6 inches) long. F) Penicularis subcostata, 5.7 centimeters (2.25 inches) wide. G)
Bathymyonia sp., 4.6 centimeters (1.8 inches) wide.

Tortoises are a group of turtles that live on land, and have
short, strong legs used for support and digging burrows.
In contrast, most turtles live in the water and have webbed
feet to help them swim efficiently, but will venture onto
land occasionally to lay eggs.
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Figure 3.69: Skeleton of the giant Cretaceous fish Xiphactinus, about 5 meters (16 feet) long.

Figure 3.70: Tortoise, Geochelone sp., about 1 meter (3 feet) long.
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Arizona

Araucarioxylon arizonicum (conifer wood; Triassic) (Figure 3.20).

Colorado

Stegosaurus stenops (plated dinosaur; Jurassic) (Figure 3.25C).

New Mexico

Coelophysis bauri (carnivorous dinosaur; Triassic) (Figure 3.18).

Utah

Allosaurus fragilis (carnivorous dinosaur; Jurassic) (Figure 3.25B).
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and Schuster, New York, 317 pp.
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Sterling Publishing Company, New York, 160 pp.
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States, Macmillan Company, Toronto, Canada, 348 pp.
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Books, Articles, and Websites on Fossils of
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Multistate areas
Foster, J., 2007, Jurassic West: The Dinosaurs of the Morrison Formation and Their World,
Indiana University Press, Bloomington, 416 pp.
Lockley, M. G., & A. P. Hunt, 1995, Dinosaur Tracks and Other Fossil Footprints of the Western
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Fossils, Grand Canyon National Park, National Park Service,
http://www.nps.gov/grca/learn/nature/fossils.htm.
Fossils, Petrified Forest National Park, National Park Service,
http://www.nps.gov/pefo/naturescience/fossils.htm.
Heckert, A. B. & S. G. Lucas, eds., 2005, Vertebrate paleontology in Arizona, New Mexico
Museum of Natural History and Science Bulletin, 29: 210 pp. [Technical]
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Timmons, M. J., & C. A. Manduca, eds., 2012, Grand Canyon geology: Two billion years of
Earth’s history, Geological Society of America Special Paper 489, 156 pp. [Technical]
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Dinosaur National Monument, National Park Service, http://www.nps.gov/dino/index.htm.
Grande, L., 2013, The Lost World of Fossil Lake: Snapshots from Deep Time, University of
Chicago Press, Chicago, 432 pp.
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University of Colorado at Denver Dinosaur Tracker Research Group, Denver, CO, 32 pp.
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Meyer, H. W., 2003, Fossils of Florissant, Smithsonian Institution Press, Washington, DC, 272
pp.
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Colbert, E. H., 1995, The Little Dinosaurs of Ghost Ranch, Columbia University Press, New
York, 250 pp.
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Robison, R. A., L. E. Babcock, & V. G. Gunther, 2015, Exceptional Cambrian fossils from Utah:
a window into the age of trilobites, Utah Geological Survey Miscellaneous Publication 15-1,
97 pp.
Squatting Dinosaur Tracks at Johnson's Farm in St. George (Basal Jurassic Dinosaur
Footprints, Fishes, and Plants, Whitmore Point Member of the Moenave Formation), by
Nancy Carruthers, Utah Geological Survey,
http://www.sunstar-solutions.com/AOP/fieldtrips/Juratracks/BasalJurassic.htm.
Titus, A. L., & M. A. Loewen, 2013, At the Top of the Grand Staircase: the Late Cretaceous of
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