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crust •  the uppermost, rigid 
outer layer of the Earth, 
composed of tectonic plates.

erosion •  the transport of 
weathered materials.

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

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

mineral •  a naturally 
occurring solid with a specific 
chemical composition and 
crystalline structure.

crystal form •  a physical 
property of minerals, 
describing the shape of the 
mineral’s crystal structure.

Chapter 3: 
Fossils of the South Central 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 become fossilized, an organism must be buried 
quickly before it is destroyed by erosion 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).

Since rapid burial in sediment is important for the formation of fossils, most 
fossils form in 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 
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 chemical fossils provide some of the oldest evidence for life on Earth. 

Paleontologists use fossils as a record of the history of life. Fossilized organisms 
are also extremely useful for 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 are also 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 biostratigraphy.
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sedimentary rock •  
rock formed through the 
accumulation and consolida-
tion of grains of broken rock, 
crystals, skeletal fragments, 
and organic matter.
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Ancient Biodiversity
Since life began on Earth more 
than 3.7 billion years ago, 
it has continuously become 
more abundant and complex. 
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. The diversity of 
life has, in general, increased 
explosively through time since 
then. Measurements of the 
number of different kinds of 
organisms—for example,  es-
timating the number of species alive at a given time—attempt to describe 
Earth’s biodiversity. With a few significant 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 rate. 
These intervals are known as mass extinctions. There were five particularly 
devastating mass extinctions in geologic history, and these specific mass 

Index fossils are used to 
determine the age of many 
deposits that cannot be dated 
radiometrically. An ideal index 
fossil lived during a short per-
iod of time, was geographically 
and environmentally wide-
spread, and is easy to identify. 
Some of the most useful 
index fossils are hard-shelled 
organisms that were once part 
of the marine plankton.

Review

3
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. Examples of 
such exceptional preservation, also called lagerstätte, 
include several Pennsylvanian and Permian fossil 
assemblages in Kansas (which contain abundant 
and well-preserved insects and other arthropods, as 
well as vertebrates), and the Cretaceous Smoky Hill 
Chalk in Kansas, which preserves marine reptiles and 
invertebrates.

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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Review
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extinction 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, and that we 
are currently experiencing a mass extinction event.

Different fossils are found in different regions because of the presence of rocks 
deposited at different times and in a variety of environments. The availability of 
fossils from a given time period depends both on the deposition of sedimentary 
rocks and the preservation of these rocks through time. 

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, or whether it 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.

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

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

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.

silt •  fine granular sediment 
most commonly composed of 
quartz and feldspar crystals.

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

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.

cross-bedding • layering 
within a bed in a series of 
rock strata that does not 
run parallel to the plane of 
stratification.

intertidal •  areas that are 
above water during low tide 
and below water during high 
tide.
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Fossils of the South Central US
The rocks of the South Central United States preserve an excellent fossil 
record of the history of life (Figure 3.1). 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 fi nd.
 

Fossils of the Central Lowland 
and Interior Highlands
Regions 1–2 

The geological core of the Interior Highland and Central Lowland regions is 
formed by a Proterozoic mountain range that formed around 1.5 billion years 
ago. Today, these igneous and metamorphic rocks crop out in the St. Francois 
Mountains across an area of around 13,000 square kilometers (5000 square 
miles) in southeastern Missouri. During the Paleozoic, this ancient mountain 
range formed an archipelago of islands and seamounts, surrounded by vast 
inland seas and ringed by 
coral reefs. Sandstone and 
limestone was deposited 
near the shore, while shale 
formed in deeper water. 

The sediments accumulating 
in these shallow seas preserved an abundant record of the marine animals 
that lived there during the early Paleozoic. In southeastern Missouri, the 
Upper Cambrian Lamotte Sandstone formed in a near-shore environment, 
and contains brachiopods (Figure 3.2 and see box on p. 86) and mysterious 
trace fossils called Climactichnites (Figure 3.3), thought to have been made by 
large mollusks, perhaps similar to gastropods (snails). Other Cambrian rocks 
in Missouri contain trilobites (Figure 3.4 and see box on p. 87) and hyoliths 
(Figure 3.5). 

Fossils from the Ordovician rocks of the Ozarks in southern Missouri and 
northern Arkansas include many mollusks, such as gastropods, bivalves, 
cephalopods (Figure 3.6), and monoplacophorans—animals with one cap- 
or cone-shaped shell, which, in some forms, is somewhat coiled back on itself 
(Figure 3.7). Brachiopods (Figure 3.8), trilobites (Figure 3.9), corals (Figure 
3.10), bryozoans, and echinoderms—including crinoids, cystoids, and sea 
stars—are also found here. In southeastern Missouri, Ordovician rocks have 
produced the remains of conodonts (see box on p. 92)—primitive vertebrates 
with small, eel-like bodies and complex arrangements of teeth. Conodonts are 
very important index fossils for rocks of this age. 

See Chapter 1: Geologic History 
for more about the formation of 
continents in the Proterozoic 
and Paleozoic.

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

Paleozoic •  a geologic time 
interval that extends from 541 
to 252 million years ago.

inland sea •  a shallow sea 
covering the central area of 
a continent during periods of 
high sea level.

reef •  a feature lying beneath 
the surface of the water, 
which is a buildup of sediment 
or other material built by 
organisms, and which has 
positive relief from the sea 
fl oor.

sandstone •  sedimentary 
rock formed by cementing 
together grains of sand.
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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 South Central US. (Time scale is not to scale). 

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

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

hyoliths • animals with 
cone-shaped shells and 
uncertain affi nities that existed 
throughout the Paleozoic.

bivalve •  a marine or fresh-
water invertebrate animal 
characterized by right and 
left calcareous shells (valves) 
joined by a hinge.
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Figure 3.2: Cambrian brachiopod, 
Dicelomus. About 1.6 centimeters (0.6 
inches) wide.

Brachiopods

Brachiopods are fi lter-feeding animals that have two 
shells and are superfi cially 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). Internally, brachiopods are substantially different 
from bivalves, with a lophophore (fi lter-feeding organ 
made of thousands of tiny tentacles), and a small and 
simple gut and other organs. Bivalves, in contrast, have a 
fl eshier 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 3.4: Enrolled Cambrian trilobites from Missouri. A) Cliffi a wilsoni. 
B) Sulcocephalus candidus. Specimens are about 0.5 centimeters 
(0.2 inches) wide. 

Figure 3.3: Climactichnites. 
The maker of this trackway is 
unknown, but may have been 
a mollusk. Each trackway 
is about 10 centimeters (4 
inches) wide, and can extend 
for many meters.

Trilobites

Trilobites are iconic Paleozoic fossils, but were more 
common in the Cambrian and Ordovician than in later 
periods. They were arthropods, and had well-defi ned 
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.

arthropod •  an inverte-
brate animal, belonding to 
the Phylum Arthropoda, 
and posessing an external 
skeleton (exoskeleton), 
body segments, and jointed 
appendages. 
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Figure 3.6: Cephalopods. A) Straight (orthocone) nautiloid shell and restoration. 
These animals reached lengths of more than 4 meters (12 feet), making them 
among the largest invertebrate animals that ever lived. Specimens up to 25 
centimeters (1 foot) long are frequently found. B) Restoration of an ellesmeroid 
nautiloid from the Ordovician of Missouri. About 10–15 centimeters (4–6 inches) 
long.

Figure 3.5: Hyolithid. About 1–2 centimeters 
(less than 1 inch) long. 
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Figure 3.7: Monoplacophorans in limestone (highlighted), Lower Ordovician, Barry County, 
Missouri. Pocketknife at bottom of photo is about 8.5 centimeters (3.5 inches) long. Inset shows 
top and sides views of an individual shell in detail. 

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 cuttlefi sh 
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 shell. 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.
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sessile • unable to move, 
as in an organism that is 
permanently attached to its 
substrate.

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

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

Figure 3.8: Ordovician brachiopods from Missouri. A) Strophomena. 1–2 centimeters (0.5–1 inch) 
wide. B) Resserella. About 1 centimeter (0.5 inches) wide. C) Pionodema. About 1 centimeter (0.5 
inches) wide.

Figure 3.9: Ordovician trilobites. A) Isotelus iowensis, Missouri. B) Homotelus bromidensis, 
Oklahoma. 

Figure 3.10: Ordovician rugose corals from Missouri. A) Favistella (colonial). About 8 centimeters 
(3.2 inches) wide. B) Streptelasma subregulare (solitary, “horn” coral). About 3 centimeters (1 
inch) tall.

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). 
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Corals

Corals are sessile relatives of jellyfi sh 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 domed 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―appeared in the Triassic, 
and include both solitary and colonial species. Many 
scleractinian corals have photosynthetic symbiotic algae 
in their tissues, called zooxanthellae.  This algae provides 
nutrition to the coral polyps, helping them to grow more 
rapidly.

The oldest rocks in the Central Lowland are Devonian deposits in southwestern 
Missouri and northeastern Oklahoma, where marine invertebrates, such as 
corals, trilobites, crinoids, and cephalopods, shared the waters with fi shes 
including shark-like acanthodians (Figure 3.11). 

After the mass extinction in the late Devonian (see Figure 3.1), trilobites never 
regained their previous abundance and diversity, and post-Devonian trilobites 
are relatively rare. In the Mississippian of Missouri, however, and in the 
Pennsylvanian of Texas, small trilobites are locally common (Figure 3.12). 

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

shark •  a large fi sh charac-
terized by a cartilaginous 
skeleton and fi ve to seven gill 
slits on the side of the head.

acanthodian • member of a 
class of extinct fi sh, bearing 
a superfi cial resemblence 
to sharks, and sharing 
features with both bony and 
cartilaginous fi sh.

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

Pennsylvanian •  a subperiod 
of the Carboniferous, spanning 
from 323 to 299 million years 
ago.
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Conodonts

Conodonts are tiny tooth-shaped fossils (0.2–5 millimeters 
long) found in marine rocks of Cambrian through Triassic 
age. They have long been among the most important 
index fossils in these rocks, allowing the rocks to be dated 
through biostratigraphy. For many years, paleontologists 
did not know what kind of animal they belonged to, but in 
1983 a very well-preserved fossil was found in Scotland 
that showed conodonts to belong to small fi sh-like animals 
just a few centimeters long that were distant relatives of 
bony fi sh.

   Isolated conodont elements   Restoration of what the 
   (Silurian).       conodont animal may have
       looked like alive. Length
       2–4 centimeters (1–2 inches).

Figure 3.11: Silurian acan-
thodian fi sh (life restoration 
and spine). These fi sh 
reached lengths of up to 30 
centimeters (1 foot).
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Figure 3.13 Pennsylvanian ammonoids, Missouri. A) Solenochilus. About 10 centimeters (3 
inches) at the largest diameter. B) Gonioloboceras. About 2 centimeters (1 inch) in diameter.

Figure 3.12: Carboniferous trilobites. A) Tail (pygidium) of Breviphillipsia swallowi, Mississippian, 
Pettis County, Missouri; about 5 millimeters (0.2 inches) wide. B) Ditomopyge sp., Pennsylvanian, 
San Saba County, Texas; about 1 centimeter (0.4 inches) long. 

Mississippian and Pennsylvanian rocks in Missouri, western Arkansas, and 
eastern Oklahoma contain ammonoids (Figure 3.13) and graptolites, both 
pelagic groups that were once common and diverse but are now extinct. 
Mississippian limestone beds in Missouri and Arkansas preserve the inhabitants 
of an ancient reef system, including corals, bryozoans (Figure 3.14), 
brachiopods, and fi shes. Abundant echinoderms are also present, including 
blastoids (Figure 3.15), crinoids (such as Missouri’s state fossil, Delocrinus 
missouriensis [Figures 3.16 and 3.17]), and large echinoids (sea urchins) 
(Figure 3.18). The Mississippian is sometimes called “the age of crinoids” 
because they were so abundant in the shallow seas of this period.

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

graptolite •  an extinct 
colonial invertebrate animal 
characterized by individuals 
housed within a tubular or 
cup-like structure.

pelagic • free-swimming; of or 
in a zone of open water that is 
neither close to the bottom nor 
near the shore.

blastoid • an extinct form of 
stemmed echinoderm, similar 
to crinoids, possessing a 
nut-shaped body covered with 
interlocking plates.

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

Graptolites (meaning “rock writing”) are an extinct group 
of colonial, free-fl oating 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 sawblade-like 
streaks across black shale; tiny cups along these 
structures held individual animals. Graptolites are often 
useful as index fossils. 

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, 
fl oating in the water.

Carboniferous •  a geologic 
time period that extends from 
359 to 299 million years ago.

Figure 3.14: The bryozoan Archime-
des sp., Carboniferous. A) Archimedes 
colonies consisted of a screw-shaped 
axis, with a spiral fan connected to the 
“threads” of the screw. The tiny bryo-
zoan animals lived in chambers on the 
fan. In some localities, thousands of 
these “fossil screws” cover the ground. 
They are less than 2.5 centimeters (1 
inch) long. B) Archimedes life restora-
tion.
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Figure 3.16: Crinoids, Upper Mississippian, Arkansas. A) Phanocrinus. Crown and part of stem. 
Specimen about 5 centimeters (2 inches) tall. B) Linocrinus. Crown and part of stem. Specimen 
about 6 centimeters (2.4 inches) tall. 

Figure 3.15: Blastoid. Pentremites sp., Carboniferous. About 1–2 
centimeters (0.75 inches) long. 
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Figure 3.17: Crinoid. Delocrinus missouriensis. A) Restoration of the entire animal, attached to the 
sea fl oor. About 30 centimeters (1 foot) tall. B) Specimen of the crown (calyx) with arms. About 
5 centimeters (2 inches) tall. C) Bottom view of the cup portion of the calyx. About 2 centimeters 
(0.8 inches) in diameter. 
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Figure 3.18: Slab with many individuals of the echinoid Melonechinus multiporus, Mississippian, 
near St. Louis, Missouri. Slab is about 45 centimeters (18 inches) across.

Crinoids

Crinoids are echinoderms, related to sea urchins and 
sea stars. These invertebrate animals feed by using their 
arms to fi lter food out of the water. Most were attached to 
the sediment by a stalk that ended in a root-like structure 
called the holdfast—however, some forms were free 
fl oating. 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.
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In the Pennsylvanian, the sea began to drain away from the Interior Highlands 
and Central Lowland. Pennsylvanian rocks in northern and western Missouri 
and eastern Kansas and Oklahoma indicate cyclical fl uctuations between 
shallow marine and terrestrial environments, preserved in repeating layers of 
shale, limestone, and sandstone interspersed with thick seams of coal. These 
coal beds, representing terrestrial near-shore swamps, were formed from great 
thicknesses of decomposing plants, including giant horsetails, tree ferns, scale 
trees (lycopods or “club mosses”), and the conifer-like Cordaites (Figure 
3.19). Conversely, the marine deposits here contain abundant bivalves, 
bryozoans, echinoids, crinoids, gastropods, corals, trilobites, and brachiopods 
(Figure 3.20).
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horsetail •  See sphenopsid: 
a terrestrial plant belonging 
to the family Equisetaceae, 
characterized by hollow, 
jointed stems with reduced, 
unbranched leaves at the 
nodes.

coal •  a combustible, 
compact black or dark-brown 
carbonaceous rock formed 
by the compaction of layers 
of partially decomposed 
vegetation.

lycopod •  an extinct, ter-
restrial tree characterized by 
a tall, thick trunk covered with 
a pattern of diamond-shaped 
leaf scars, and a crown of 
branches with simple leaves.
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Several fossil lagerstätten deposits are known from the Pennsylvanian and 
Permian of Kansas. These deposits, which formed along the shoreline of a 
shallow sea, contain abundant and beautifully preserved terrestrial tetrapods
and insects as well as many marine invertebrates and fi sh. The Garnett 
locality in Andersen County preserves an incredible record of life during the 
Pennsylvanian in a series of stream channel infi lls. Petrolacosaurus (Figure 
3.21), one of the earliest known diapsid reptiles, can be found at this site. 

The Elmo Limestone in Dickinson County is famous for its fossil insects and 
xiphosurids (the group of arthropods that includes horseshoe crabs) (Figures 
3.22 and 3.23). Other examples of deposits containing similar faunas include 
the Robinson locality in Brown County and the Hamilton locality in Greenwood 
County.
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3

tetrapod • the fi rst four-
limbed animals (early land 
vertebrates) and all of their 
descendants.

diapsid • a vertebrate animal 
posessing two holes behind 
the orbit (eye hole) in each 
side of its skull.

Figure 3.20: Pennsylvanian brachiopods from Missouri. A) Dictyoclostus sp., about 5 centimeters 
(2 inches) wide. B) Derbyia sp., about 3 centimeters (1.5 inches) wide. C) Echinoconchus sp., 
about 5 centimeters (2 inches) wide.

Figure 3.19 (AT LEFT): Restorations of coal swamp plants. A) Lepidodendron, a lycopod (club 
moss); reached 30 meters (100 feet) tall. B) Medullosa, a tree fern; reached 10 meters (35 feet) 
tall. C) Calamites, a sphenopsid (horsetail); reached 20 meters (65 feet) tall. D) Cordaites, a 
conifer-like seed plant; reached 10 meters (35 feet) tall.

conifer •  a woody plant 
bearing cones that contain its 
seeds.

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

Permian •  the geologic time 
period lasting from 299 to 252 
million years ago.  

Figure 3.21: Restoration of Petrolacosaurus, about 40 centimeters (16 inches) long.
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Anapsid, Diapsid, Synapsid ...

The skulls of reptiles are distinct from our own in several 
important respects. One of the most striking differences 
is that the typical reptile skull looks like a “box within 
a box.” Unlike the arrangement in our own skulls, the 
braincase of most reptiles is not built of the bones that 
make up the outermost layer of the skull. Instead, there is 
a second set of interior bones (these are largely absent in 
mammals like us), that surround the braincase; the space 
between these two layers is fi lled mostly with muscles. 
Different groups of reptiles have modifi ed this continuous 
outer wall of bone by evolving openings, or “apses,” in 
the skull. The resulting structures are the basis for terms 
that describe the types of reptilian skulls and the reptile 
groups that possess them. Anapsid skulls (such as those 
of turtles) have no openings. Synapsid skulls (such as 
those of mammal ancestors) have one opening. Diapsids 
(such as lizards, crocodilians, and dinosaurs) have two 
openings. 
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Figure 3.22. Paleolimulus. Late Pennsylvanian-Early Permian of Kansas. 
About 1 centimeter (0.4 inches) long. 

Figure 3.23: Meganeuropsis is an extinct genus of griffi nfl y, Order Meganisoptera, and includes 
the largest known insect that ever lived, with an estimated wingspan of up to 70 centimeters 
(28 inches), and a body length from head-to-tail of almost 43 centimeters (17 inches). This wing, 
from Noble County, Oklahoma, in the collection of Harvard’s Museum of Comparative Zoology, is 
about 33 centimeters (13 inches) long.
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The beginning of the Permian saw continued sea level fl uctuations, and shal-
low marine deposits from this time in eastern central Kansas contain faunas 
similar to those of the Pennsylvanian. As the period continued, however, the 
climate became much drier, and shallow seas were restricted to central Kan-
sas. To the west of these beds, Permian rocks contain the remains of lungfi sh, 
sharks, and other fi shes. In Oklahoma and Texas, the shallow sea retreated to 
the west, and thick layers of gypsum and salt were deposited, indicating that 
evaporation rates were high. Rare fossils of insects, amphibians, and reptiles, 
as well as vertebrate footprints, have been collected from the youngest Paleo-
zoic rocks in Oklahoma. The Dolese Quarry near Lawton (Comanche County), 
for example, has produced a great diversity of tetrapods in soft white claystone, 
including the common small anapsid reptile Captorhinus aguti (Figure 3.24). 
Permian “red bed” deposits in western and north central Texas (such as the 

Figure 3.25: Eryops. Reconstructed skeleton and life restoration, 1.5–2.0 meters (5–6.5 feet) 
long.

Figure 3.24: Captorhinus. Reconstructed skeleton and life restoration, about 30 centimeters (12 
inches) long.

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).

gypsum •  a soft sulfate 
mineral that is widely mined 
for its use as fertilizer and as a 
constituent of plaster.

salt •  a mineral composed 
primarily of sodium chloride 
(NaCl). 
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Quartermaster Formation) are famous for their abundance of early Permian 
reptiles including synapsids—a group that includes the ancestors of modern 
mammals. Here, well-known tetrapods like the sail-backed Dimetrodon and 
Edaphosaurus, the giant am-
phibian Eyrops, and the enig-
matic Diadectes dominate the 
fauna (Figures 3.25–3.27). 

See Chapter 2: Rocks for more 
information about Permian red 
beds in Texas.

Figure 3.26: Dimetrodon grandis, one of the larger species of Dimetrodon. Skull and life restoration, 
about 3 meters (9 feet) long.
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Above the Permian layers are fossil-bearing Triassic strata, forming a ribbon 
from the western part of the Texas panhandle southeast to near Abilene. The 
temporal boundary between the Permian and Triassic marks the greatest mass 
extinction known (see Figure 3.1). While its effect on marine ecosystems was 
particularly devastating, life on land was dramatically affected as well. Many 
kinds of tetrapods disappeared, which may have cleared the path for a new 
group of tetrapods―dinosaurs (which fi rst appeared in the middle Triassic) 
―to dominate the land.

The Triassic rocks of Texas crop out along the border between the Great Plains 
and Central Lowland regions. A variety of early dinosaurs are found in here, 
along with crocodile-like (at least in appearance) phytosaurs, and synapsids 
(Figure 3.28).

phytosaur • an extinct, semi-
aquatic reptile from the late 
Triassic period.

Figure 3.28: Phytosaur restoration, 2–3 meters (6–9 feet) long. 

Figure 3.27:  Diadectes. Skull and life restoration, about 2 meters (6.5 feet) long.

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

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.
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Cretaceous rocks exposed in southern Oklahoma and north central Texas 
contain a variety of marine mollusks, including bivalves, gastropods, and 
ammonites. Cenozoic rocks are largely absent from this area, but Pleistocene
gravels in southwestern Oklahoma (Tillman County) have produced the 

3
Regions 1–2

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 
with 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.

A mammoth tooth, 
suitable for grinding 
grass and softer 
vegetation. About 25 
centimeters (1 foot) 
long.

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

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

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

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

gravel • unconsolidated, 
semi-rounded rock fragments 
larger than 2 millimeters (0.08 
inches) and smaller than 75 
millimeters (3 inches).
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bones of glyptodonts (see Figure 3.42). Glacial-age deposits in Dallas County, 
Texas also contain the bones and teeth of mammoths and mastodons. Late 
Pleistocene mammals are abundant at several localities in Kansas, including 
along the banks of the Kansas River from Topeka to Kansas City, and several 
fi nds have been made in greater Kansas City itself for more than the past century. 
Another famous site is the Kimmswick Bone Bed in Jefferson County in eastern 
Missouri (at Mastodon State Historic Site), which not only contains abundant 
fossil mastodon and other 
bones, but also stone tools 
made by some of the earliest 
human residents of this part 
of North America.  

Fossils of the Coastal Plain
Region 3

The sediments that accumulated to form the Coastal Plain of Texas and 
Louisiana were deposited by numerous rivers that drained the land to the north 
and northwest. This process began in the late Cretaceous, and the Mississippi 
River continues to drain the central US today, contributing to the coastline of 
the Gulf of Mexico. The oldest sediments on the Coastal Plain (from the late 
Cretaceous) appear in an irregular northeast-southwest-oriented band farthest 
from the modern coastline (Figure 3.29). Roughly parallel bands of sediments 
of decreasing age outcrop toward the coast, with the youngest sediments 
accumulating right at the shore today.

The late Cretaceous sediments of the Coastal Plain are frequently rich in fos-
sils, including shark teeth (Figures 3.30 and 3.31) and ammonites (both the 
usual coiled forms, and unusual irregular or uncoiled forms, known as hetero-
morphs) (Figure 3.32). Oysters and other bivalves including Inoceramus (Figure 
3.33) are also present, as well as are rare mosasaur and plesiosaur remains. 
These fossiliferous Cretaceous sediments are found from the base of the Ed-
wards Plateau near the Mexican border to Dallas and into the sliver of Coastal 
Plain on the eastern half of the Oklahoma-Texas border. The latter area yields 
rare dinosaur skeletons, 
most spectacularly (in Atoka 
County, Oklahoma) the gi-
gantic sauropod Sauroposei-
don (Figure 3.34).

The line of late Cretaceous layers continues along the landward edge of the 
Coastal Plain into Arkansas, bordering the Interior Highlands. This boundary 
forms a line from the southwest to northeast corners of the state. Cretaceous 
layers, however, only crop out in the corners of Arkansas, as they are buried by 
younger sediment in the state’s center. These strata contain large clams and 
bivalves, ammonites, gastropods, echinoids, shark teeth, and the occasional 

See Chapter 4: Topography to 
fi nd out more about the Edwards 
Plateau.

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

mastodon • an extinct 
terrestrial mammal belonging 
to the Order Proboscidea, 
characterized by an elephant-
like shape and size, and 
massive molar teeth with 
conical projections.  

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

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

See Chapter 6: Glaciers to 
learn more about the history of 
glaciers in the South Central.
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marine reptile. A few pockets of Cretaceous-aged rock are also found in Louisi-
ana, where salt domes have pushed up through the overlying Cenozoic sedi-
ment, occasionally carrying Cretaceous shark teeth to the surface.

The great majority of sediment exposed in the Coastal Plain is Cenozoic in 
age. Paleogene-aged strata are, for the most part, sandwiched between the 
western rim of Cretaceous deposits, and the youngest layers of Neogene
and Quaternary sediment, which are found nearest the Gulf and along the 
Mississippi River Valley (see Figure 3.29). Paleogene marine deposits in Texas, 
southern portions of Arkansas, and northern parts of Louisiana are abundantly 
fossiliferous, yielding shark 
teeth, corals, clams and 
snails (Figure 3.35), and the 
bones of early whales like 
Basilosaurus (Figure 3.36). 

Fossils 3
Region 3

See Chapter 2: Rocks to learn 
more about the sediments of the 
Coastal Plain.

Figure 3.29: Generalized geologic map of the Coastal Plain. (See TFG website for full-color 
version.)

Paleogene •  the geologic 
time period extending from 66 
to 23 million years ago.

Neogene •  the geologic time 
period extending from 23 to 
2.6 million years ago. 

Quaternary •  a geologic 
time period that extends from 
2.6 million years ago to the 
present.

salt dome • a largely 
subsurface geologic structure, 
consisting of a vertical cylinder 
of salt embedded in horizontal 
or inclined sedimentary strata.  
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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 
fi lled 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-fi lled chamber. 
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Figure 3.32: Baculites, a straight-shelled heteromorph ammonite 
from the Cretaceous. A) Complex folded septa in shell. B) Life 
restoration. Usually around 3–4 centimeters (2 inches) in diameter 
and up to 60 centimeters (2 feet) long.

Figure 3.31: Cretaceous shark teeth from Texas. A) Serratalamna, about 1.5 centimeters (0.6 
inches) long. B) Protolamna, about 1.5 centimeters (0.6 inches) long. C) Pseudocorax, about 1 
centimeter (0.4 inches) long. D) Palaeogaleous, about 3–4 millimeters (0.1–0.2 inches) long. 

Figure 3.30: Cretaceous 
shark teeth from Kansas. A) 
B) and C) Scapanorhynchus, 
up to 1 centimeter (0.5 
inches) long. D) Leptostyrax, 
about 1.4 centimeters (0.6 
inches) long. E) and F) 
Carcharias amonensis, about 
0.7 centimeters (0.3 inches) 
long. G) Cretodus, about 4.5 
centimeters (1.8 inches) long. 
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Figure 3.33: Cretaceous bivalves of Texas. A) “Ram’s horn” oyster, Exogyra costata, about 10 
centimeters (4 inches) long. B) Inoceramus, about 15 centimeters (6 inches) wide. 

Bivalves

Clams and their relatives, such as mussels, scallops, 
and oysters, are mollusks possessing a pair of typically 
symmetrical shells. Most are fi lter 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 and live “infaunally.” This innovation led 
to the rapid evolution of a large number of groups present 
in the modern oceans. 

Gastropods

Commonly known as snails, gastropods are among the 
most diverse group of organisms in the ocean today. 
Modern gastropod mollusks encompass terrestrial, 
freshwater, and marine species, and include varieties with 
and without shells (e.g., slugs). Only insects have more 
named species. The soft parts of gastropods are similar 
to those of bivalves in some respects, but snails have a 
head and are usually much more active than clams.
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Figure 3.35: Cenozoic marine mollusks from 
the Gulf Coastal Plain of Texas, Louisiana, and 
Arkansas. A) Venericardia natchitoches, Late 
Paleocene, Natchitoches Parish, Louisiana. 
About 4 centimeters (1.5 inches) wide. B) 
Crassatellites trapaquara, Early Eocene. Bastrop 
County, Texas. About 5.5 centimeters (2.2 inches) 
wide. C) Cubitostrea sellaeformis, Early Eocene. 
Bastrop County, Texas. About 13 centimeters 
(5 inches) wide. D) Athleta wheelockensis, 
Middle Eocene, Crockett County, Texas. About 
3 centimeters (1.5 inches) wide. E) Turritella 
nasuta, Early Middle Eocene, Houston County, 
Texas. About 4 centimeters (1.6 inches) long. 
F) Turritella arenicola, Late Eocene, Jefferson 
County, Arkansas. About 3.8 centimeters (1.5 
inches) long.

Figure 3.34: Silhouette of a restoration of 
Sauroposeidon. White bones in the neck 
represent known pieces of the skeleton based 
on fossils. The rest of the body form has been 
inferred by comparison with other brachiosaur 
dinosaurs. 
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Basilosaurus was fi rst described by Richard Harlan in 1843, who believed 
the few bones he found belonged to a marine reptile (hence the name 
“saurus”). Basilosaurus was a member of an early group of whales known as 
archaeocetes, which included the ancestors of the two major groups of modern 
whales―the toothed whales (odontocetes), such as porpoises and sperm 
whales, and the baleen whales (mysticetes), such as humpback and blue 
whales. Archaeocetes inhabited the equatorial oceans during the Paleocene 
and Eocene. The vertebra pictured in Figure 3.36B was found in Arkansas in 
1945, and represents the northernmost archaeocete fossil ever found. 

Figure 3.36: The archaeocete whale Basilosaurus, which lived in 
the equatorial Tethys seaway during the late Eocene. Its fossils are 
found in the US Gulf Coastal Plain and Egypt. A) Life restoration. 
Basilosaurus reached lengths of up to 20 meters (65 feet). B) A single 
vertebra collected in late Eocene sediments from St. Francis County, 
Arkansas.

Paleocene • a geologic time 
interval spanning from about 
66 to 56 million years ago.

Eocene • a geologic time 
period extending from 56 to 33 
million years ago.
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Abundant tiny fossils called foraminifera (Figure 3.37) are found throughout the 
Coastal Plain’s Cretaceous and Cenozoic sediments. Foraminifera, or “forams,” 
as they are frequently called, are single-celled organisms (protists) with shells 
made of calcium carbonate. They live in the ocean in huge numbers, both at 
the bottom and fl oating in the water column, and are extremely important as 
index fossils and paleoenvironmental indicators in Cretaceous and Cenozoic 
sediments.

Terrestrial deposits in eastern Texas, dating from the early Miocene (e.g., 
Fleming Formation, exposed near Toledo Bend Reservoir), include abundant 
bones and teeth of amphibians, reptiles, and rodents (Figure 3.38). Larger 
mammals are also present, including carnivores, tapirs, pigs, and bizarre extinct 
forms such as the large herbivore Moropus (Figure 3.39). The Coastal Plain’s 
Miocene sediments also contain petrifi ed wood, including palm (Palmoxylon), 
the Texas state rock and Louisiana state fossil (Figure 3.40).

Fossils 3
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Figure 3.38: Miocene rodent teeth 
from the Texas Coastal Plain. A) 1.5 
millimeters (0.25 inches) wide. B) 1 
millimeter (0.1 inches) wide. 

Figure 3.37: Cenozoic foraminifera from Texas. A) Pulvinulina, 0.3 millimeters (0.01 inches). B) 
Rotalia, 0.4 millimeters (0.02 inches). C) Pseudotextularina, 0.3 millimeters (0.01 inches). D) 
Globigerina, 0.4 millimeters (0.02 inches).

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

protists •  a diverse group of 
single-celled eukaryotes.

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

Miocene • a geological time 
unit extending from 23 to 5 
million years ago.

By the Quaternary period, the glaciation of North America was underway. Many 
Neogene mammals had gone extinct by this time, yet mastodons, horses, and 
camels remained common. Fossils from this time are found on the Coastal Plain 
of Texas and Louisiana, and in the Mississippi River Valley in Louisiana, Arkansas, 
and the southeasternmost corner of Missouri. The youngest deposits of the Coastal 
Plain―for example, in the counties around Corpus Christi, Texas―contain the 
fossils of camels, saber-toothed cats, mammoths, glyptodonts, and dire wolves 
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Figure 3.40. Sliced and polished piece of the fossil trunk of the palm Palmoxylon, Oligocene, from 
the Catahoula Formation, Louisiana. 18 centimeters (7 inches) wide.

Figure 3.39: Cenozoic land mammals from the Texas Coastal Plain A) Early horse, Archaeohippus. 
Reconstructed skeleton and life restoration, about 1 meter (3 feet) tall at the shoulder. B) Large 
clawed herbivore, Moropus. Reconstructed skeleton and life restoration, about 2.5 meters (8 feet) 
tall at the shoulder.
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(Figures 3.41–3.43). Because they were the dominant life on land, and because 
their relatively large, heavy bones preserve more easily, it is easy to focus on 
Quaternary mammals; however, major groups of fl ora and fauna shared the 
landscape with these beasts, and their remains are occasionally found as well. 
For example, shells of freshwater bivalves are common, as well as those of 
land and freshwater gastropods, and petrifi ed wood and pollen are also found. 
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Figure 3.41: Camelops hesternus. A) Jaw fragment, about 20 centimeters (8 inches) long). B) 
Restoration, about 2.2 meters (7 feet) tall at the shoulder. 
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Figure 3.42: Glyptodont. A) Skeleton, with and without the external armor. 
B) Detail of the bony scutes that form the solid outer armor. Glyptodonts reached 
lengths of up to 3 meters (10 feet). 
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The Waco Mammoth Site, in McLennan County, central 
Texas, contains the fossil bones of 24 Columbian 
mammoths (Mammuthus columbi) and other Pleistocene 
mammals. The site, discovered in 1978, is the largest 
known concentration of a single herd of mammoths dying 
from the same event, which is believed to have been a 
fl ash fl ood.

Figure 3.43: Restorations of: A) American mastodon, Mammut americanum, 
Pleistocene. B) Columbian mammoth, Mammuthus columbi, Pleistocene.
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Fossils of the Great Plains
Region 4 

The Great Plains of Texas, Oklahoma, and Kansas are dominated by mid to 
late Mesozoic- and Cenozoic-aged rocks. Little of the bedrock in the region is 
older than 145 million years.

Mesozoic
Signifi cant fossil-bearing rocks dating to the Triassic can be found in the valleys 
of north central Texas, but they are better exposed in the Central Lowland region 
and are therefore discussed in the preceding section. Similarly, the Jurassic 
is not well-represented in this region, but the western panhandle of Oklahoma 
includes a small but important exposure of terrestrial shales and sandstones, 
which contain turtles, crocodiles, freshwater fi sh, and Oklahoma’s state fossil, 
the large allosaur Saurophaganax (Figure 3.44).

The Cretaceous rocks of Kansas contain abundant remains of late Mesozoic 
marine life, including some of the best fossils in the world from this time period. 
Fossils of marine invertebrates indicate that a warm, shallow sea covered 
the western part of the state, while terrestrial plant fossils and coal seams 
in central Kansas represent near-shore swamps. These swamps mark the 
shore of the great Western Interior Seaway, which divided North America into 
two landmasses as it extended from the Gulf of Mexico to the Arctic Ocean 
(Figure 3.45). The fl at fl oor of this inland sea provided the basis for the modern 
topography of the Interior Plains. 

Figure 3.44: The carnivorous theropod Saurophaganax (restoration) reached a height of 5 meters 
(17 feet) and a length of 12 meters (40 feet).

Mesozoic •  a geologic time 
period that spans from 252 to 
66 million years ago.

Jurassic •  the geologic time 
period lasting from 201 to 145 
million years ago. 

topography •  the landscape 
of an area, including the 
presence or absence of hills 
and the slopes between high 
and low areas.
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Figure 3.45: The Western Interior Seaway.

The Western Interior Seaway was home to numerous open-water animals, which 
are represented by the abundant and beautifully preserved fossils found in the 
Niobrara Chalk of Kansas. These animals included mosasaurs (Figure 3.46), 
plesiosaurs (Figure 3.47), giant turtles, sharks, and other fi shes, including the 
enormous Xiphactinus (Figure 3.48). The diverse invertebrate fauna includes 
ammonoids, crinoids, echinoids, bivalves (especially inoceramids and rudists), 
and gastropods (Figures 3.49–3.51). Vertebrates in the Cretaceous deposits of 
Kansas also include pterosaurs and birds (Figures 3.52 and 3.53). Interestingly, 
coprolites—fossilized feces (Figure 3.54)—are also fairly common. 

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

rudists • an extinct group of 
box- or tube-shaped bivalves 
that arose during the Jurassic.
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Figure 3.47: Restoration of Elasmosaurus, a large plesiosaur from the Niobrara Chalk of Kansas. 
About 14 meters (46 feet) long.

Figure 3.46: A) Mosasaur tooth, about 5 centimeters (2 inches) long. B) Restoration of the 
Cretaceous mosasaur Tylosaurus. About 15 meters (50 feet) long.



          121

Fossils 3
Region 4

Figure 3.49: Cretaceous ammonites 
from Texas. A) Eopachydiscus (about 
40 centimeters [16 inches] in diameter). 
B) Perrinites (about 15 centimeters [6 
inches] in diameter). C) Didymoceras
(about 15 centimeters [6 inches] wide).

Figure 3.48: Skeleton of the giant Cretaceous fi sh Xiphactinus, Kansas. About 5 meters (16 feet) 
long.
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Figure 3.51: Hemiaster sp., an irregular echinoid 
(sea urchin) from the Cretaceous of Texas. About 
6 centimeters (1.4 inches) long.

Figure 3.50: The Whitestone Member of the Walnut Formation is a limestone of mid-Cretaceous 
age exposed in Travis and Williamson counties in south central Texas. Known as “Cordova 
Limestone,” it is a popular facing stone for buildings such as the Houston City Hall. It contains 
abundant molds and casts of marine bivalves (Trigonia) and gastropods (Turritella) (inset). 
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Figure 3.53: Cretaceous toothed birds of Kansas. A) and B) The large fl ightless Hesperornis. 
About 6 feet (1.8 meters) long. Reconstructed skeleton and life restoration. C) and D) The smaller 
fl ying Icthyornis, with a wingspan around 50 centimeters (20 inches). Reconstructed skeleton and 
life restoration.

Figure 3.52: A) Skeleton of the pterosaur Pteranodon from the Cretaceous of Kansas, which had 
a wingspan of up to 6 meters (20 feet). B) Life restoration.
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Most Cretaceous fossils in western Kansas are found in chalk, a carbonate 
rock made up primarily of the fossils of microscopic marine algae, called 
coccolithophores (Figure 3.55). Today, such sediments accumulate mainly in 
the deep sea, but during the Cretaceous, when sea levels were much higher 
than today, chalk accumulated in shallow (100–300 meter [328–984 foot]) inland 
seas in both North America and Europe. The Cretaceous period is named for 
the abundance of chalk that accumulated during this time; the Latin word for 
chalk is creta.

In the Western Interior Seaway, chalk formed in marine environments with 
relatively little wave or current energy, and on seafl oors where dissolved 
oxygen concentrations were low. This led to conditions that were not particularly 
favorable for bottom-living organisms, but that were exceptionally good for 
preserving whatever died there. The Smoky Hill Chalk Member of the Niobrara 
Chalk Formation is famous for its spectacularly preserved marine vertebrates, 
including mosasaurs, plesiosaurs, fi sh, pterosaurs, and birds. The few benthic 
organisms that were able to tolerate the low oxygen levels include the stalkless 
crinoid Uintacrinus (Figure 3.56) as well as rudist and inoceramid bivalves 
(Figures 3.57 and 3.58).

In Texas, extensive Cretaceous outcrops are preserved in the Edwards Plateau. 
There, limestone units produce a host of marine invertebrate fossils. Gastropods, 
bivalves (including reef-forming rudists), echinoderms, corals, and petrifi ed wood 
(in layers formed on or near land) may also be found. Rare fossil fi sh, dinosaur, 
pterosaur, and various marine reptile bones have been found along the Great 
Plains side of the Balcones Escarpment. The most famous fossil remains in this 
area, however, are dinosaur trackways found in more than a dozen locations 

coccolithophore • a marine 
phytoplankton with a skeleton 
made up of microscopic 
calcareous disks or rings, and 
forming much of the content of 
chalk rocks.

Figure 3.54: Coprolites from the Cretaceous Smoky Hill Chalk of Kansas. About 2 centimeters 
(0.8 inch) in diameter.

chalk •  a soft, fi ne-grained, 
easily pulverized, white-to-
grayish variety of limestone, 
composed of the shells of 
minute planktonic single-celled 
algae.

carbonate rocks • rocks 
formed by accumulation of 
calcium carbonate, often made 
of the skeletons of aquatic 
organisms.

trackway • a set of 
impressions in soft sediment, 
usually a set of footprints, left 
by an animal.
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Figure 3.56: Large slab with many individuals of the stemless crinoid Uintacrinus, from the 
Niobrara Formation of Kansas. Uintacrinus was previously thought to have been a fl oating form, 
but more recent research suggests that it lived on the soft chalk bottom of the Western Interior 
Seaway. Field of view about 0.3 meters (1 foot).

Figure 3.55: Microscopic view of chalk, showing that it is composed almost completely of the 
shells of protists called coccolithophores. Scale bar = 4 nanometers (4 x 10-9 meters; about 
0.0000001575 inches).
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Figure 3.58: Rudists were unusual cone- 
or cylinder-shaped bivalves that clustered 
together in reef-like structures and 
went extinct at the end of the Mesozoic 
era. They ranged in size from a few 
centimeters to more than 50 centimeters 
(1.5 feet) tall.

Figure 3.57: Giant inoceramid bivalve, Platyceramus platinus, from the Cretaceous Niobrara 
Chalk of Kansas. About 1.2 meters (4 feet) in diameter.
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on and north of the Edwards Plateau (Figure 3.59 and 3.60). The variety of 
footprints is attributed to theropods, ornithiscians, and sauropods, though the 
precise species are impossible to know. Some of the theropod footprints may 
have been made by Acrocanthosaurus (Figure 3.61), one of the largest known 
carnivorous dinosaurs. Skel-
etal remains of Acrocan-
thosaurus have been found 
in early Cretaceous rocks 
in Oklahoma and Texas, 
and also Wyoming.

Cenozoic
In the late Cretaceous, the Western Interior Seaway retreated and the Rocky 
Mountains rose to the west; streams carried gravel, sand, and silt that eroded 
from these newly formed mountains. The sediments fi lled wide, shallow valleys 
to create a broad, gently dipping plain that contains a variety of terrestrial and 
freshwater fossils, including gastropods, clams, algae, and the occasional plant. 
By the middle Eocene, the environment became wetter and cooler. Mammals 
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Figure 3.59: Sites in Texas where Cretaceous dinosaur footprints are known. 

See Chapter 2: Rocks for more 
information on the Balcones 
Escarpment.

silt •  fi ne granular sediment 
most commonly composed of 
quartz and feldspar crystals.

sand •  rock material in the 
form of loose, rounded, or 
angular grains, and formed as 
a result of the weathering and 
decomposition of rocks.
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Figure 3.61: Acrocanthosaurus. Reconstructed skeleton and life restoration, about 11.5 meters 
(38 feet) long.

Figure 3.60: Dinosaur tracks from the bed of the Paluxy River at Dinosaur Valley State Park, near 
Glen Rose, Somervell County, Texas. The round footprints were made by a brachiosaur sauropod, 
perhaps Paluxysaurus or Sauroposeidon; the three-toed prints were made by a theropod, such as 
Acrocanthosaurus. The tracks were made in the early Cretaceous period, about 113 million years 
ago, and represent the fi rst sauropod trackway ever discovered.
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Giant Sauropods of Many Names

In the 1970s and 1980s, paleontologists labeled sauropod 
fossils from the lower Cretaceous of Texas as the genus 
Pleurocoelus (which had originally been described from 
Maryland). In 1997, Texas formally designated Pleuro-
coelus as the offi cial state dinosaur. In 2004, however, 
study of a huge trove of sauropod bones from the Jones 
Ranch locality in Hood County, Texas, showed that the 
fossils previously called Pleurocoelus represented a new 
kind of dinosaur, which was named Paluxysaurus jonesi. 
In 2009, a resolution was passed by the Texas Legislature 
to amend the name of the state dinosaur to Paluxysaurus. 
More recent research, however, has suggested that some or 
all of these fossils may belong to the genus Sauroposeidon 
(see Figure 3.34). Sauroposeidon is known from incomplete 
skeletal remains found in Oklahoma, Texas, and Wyoming, 
and it is not clear exactly which group of sauropods it 
belongs to. This uncertainty affects estimates of its size. 
Extrapolations based on Brachiosaurus indicate that the 
head of Sauroposeidon could reach 18 meters (59 feet) 
in height with its neck extended, which would make it 
the tallest known dinosaur. With an estimated length 
of up to 34 meters (112 feet) and a mass of perhaps 65 
tons, it would also be among the longest and heaviest. 
Sauroposeidon may, however, be more closely related 
to another group of sauropods, the titanosaurs, in which 
case these measurements are likely overestimates.

Reconstructed skeleton of 
Paluxysaurus, early Cretaceous of 
Texas.
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were the dominant animals on land, including a mix of extinct, extirpated, 
and extant animals that would look out of place in North America today. The 
Miocene-Pliocene Ogallala Group of Kansas and Oklahoma has produced 
abundant remains of rodents, horses, and land tortoises, among others (Figure 
3.62). (Interestingly, it was Charles Darwin who fi rst realized that horses had 
originally evolved in the Americas, spread throughout the world, became extinct 
in the New World, and were fi nally reintroduced by the Spanish.) Pleistocene 
deposits of central Texas have yielded the bones of sloths and glyptodonts, 
among other forms.

Fossils of the Basin and Range
Region 5

The portion of the Basin and Range region in far western Texas includes most 
of “Big Bend Country,” which is a name frequently used for westernmost Texas. 
The oldest rocks here date to the Permian, when three “fi ngers” of a shallow sea 
created tropical marine basins in western Texas and New Mexico. A fossilized 
reef formed on the Permian shoreline of the Delaware Basin, built largely by algae, 
sponges, brachiopods, and 
bryozoans (Figure 3.63). 
Like modern reefs, this reef 
complex was built from the 
shells of organisms, most of 

Figure 3.62: Fossil mammals from the Miocene Ogalalla Group of Kansas and Oklahoma. 
A) Horse, Cormohipparion, about 1 meter (3 feet) long. B) Rhinoceros, Teleoceras sp., about 4 
meters (12 feet) long.

See Chapter 9: Climate to learn 
more about Permian life in the 
South Central.

sponge • a marine inverte-
brate belonging to the Phylum 
Porifera, and characterized by 
a soft shape with many pores 
and channels for water fl ow.

Pliocene • a geologic time 
interval extending from roughly 
5 to 2.5 million years ago.
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which were made of calcium carbonate (CaCO3), the same composition as 
limestone. This structure also provided a haven for a great variety of other 
animals: corals, crinoids, cephalopods, fusilinids (unusually large forams; 
Figure 3.64), and gastropods thrived there.
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Figure 3.63: Permian reefs of Texas. A) Map showing the paleogeographic relationship of 
the reefs to the topographic lows and highs of the shallow sea that covered the area at the 
time. The reef occupied the rim of the Delaware Basin. B) Delicate fossil brachiopods and 
bryozoans, preserved as silica, from the Glass Mountains of Texas. 



132 

Fossils

Region 5

3

After the reef was buried by sediment, much of its calcium carbonate was 
replaced by other minerals dissolved in groundwater. The most important of 
these minerals was silica (SiO2), which has the same composition as glass. 
The resulting “glass” fossils can be freed from their surrounding limestone by 
treating the rock with acid, which dissolves the rock, leaving the often-delicate 
fossils behind (see Figure 3.63B). 

Following the Permian, there is a roughly 150-million-year gap in Big Bend 
Country’s fossil record. The next oldest fossils in the region are from the late 
Cretaceous and record a very different scene. Around 100 million years ago, the 
area was covered by the Western Interior Seaway. Fossilized mollusks, corals, 
fi sh, shark teeth, and giant marine reptiles, including mosasaurs, are found in the 
oldest layers. The somewhat younger Aguja Formation represents a swampy 
coal forest and contains a diversity of fossil plants, ammonites, turtles, 60 
species of dinosaurs, and Deinosuchus—a giant crocodilian up to 10.6 meters 
(35 feet) long (Figure 3.65). The overlying Javelina Formation is thought to 
record the boundary between the end of the Cretaceous and the Paleogene. 
Like the Aguja, this formation preserves the remains of a coastal “coal forest,” 
and it preserves a variety of famous reptiles including Tyrannosaurus rex, 
Alamosaurus (perhaps the largest dinosaur known from North America; Figure 
3.66), and the giant pterosaur Quetzalcoatlus (Figure 3.67).

Figure 3.64. One-celled fusulinid foraminifera from the Permian. A) A cluster of the shells, the size 
and shape of large rice grains. B) Photograph of a cross-section through a single fusulinid, as 
seen through a microscope.

Big Bend National Park, on the Rio Grande River, has 
been the site of numerous discoveries of late Cretaceous 
dinosaur fossils. Over 90 dinosaur species, nearly 100 
plant species, and more than two dozen fi sh, frogs, 
salamanders, turtles, crocodiles, lizards, and even early 
mammals have been discovered in the Cretaceous 
rocks there. The fossil record in Big Bend continues 
uninterrupted into the Cenozoic. 

silica •  a chemical compound 
also known as silicon dioxide 
(SiO2 ).
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Figure 3.66: Alamosaurus, reconstructed skeleton and life restoration.

Figure 3.65: Reconstructed skull of Deinosuchus.
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Some layers of early Paleogene terrestrial sediments (e.g., the Tornillo 
Formation) found in Big Bend Country preserve a snapshot of life on land 
around between 65 and 50 million years ago, including fi sh, reptiles, and 
mammals (Figure 3.68). 

Figure 3.68 (AT RIGHT): Early Paleogene fossil mammals found in Big Bend National Park. A) 
Phenacodus, about 60 centimeters (24 inches) high at the shoulder. B) Coryphodon, about 1 
meter (3.3 feet)  high at the shoulder. C) Protorohippus (previously known as Hyracotherium), 
about 35 centimeters (14 inches) high at the shoulder.

Figure 3.67: Life-sized model restoration of Quetzalcoatalus, the largest known fl ying animal. This 
pterosaur from the late Cretaceous of Texas had a wing span of 10–11 meters (33–36 feet). This 
model hung for 30 years in the National Museum of Natural History in Washington, DC. In 2015, it 
was transferred permanently to the Museum of the Earth in Ithaca, New York.
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State Fossils
Arkansas 
Arkansas has no state fossil.

Missouri 
Delocrinus missouriensis (Crinoid; Pennsylvanian) (Figure 3.17).

Kansas 
Kansas has no state fossil.

Louisiana
Palmoxylon (Palm; Oligocene) (Figure 3.40).

Oklahoma
Saurophaganax maximus (Theropod; Jurassic) (Figure 3.44).

Texas
Paluxysaurus jonesi (Sauropod; Cretaceous) (Sauropod box, p. 129).

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



          137

Fossils 3
ResourcesResources

General Books on the Fossil Record 
and Evolution
Allmon, W. D. 2009. Evolution & Creationism: A Very Short Guide. Paleontological Research 

Institution, Ithaca, NY, 128 pp.
Benton, M. J. 2008. The History of Life: A Very Short Introduction. Oxford University Press, Oxford, 

UK, 170 pp. 
Fenton, C. L., & M. A. Fenton. 1958. The Fossil Book: A Record of Prehistoric Life. Doubleday, 

Garden City, NY, 482 pp. (A well-illustrated classic.) 
Fortey, R. A. 1998. Life: A Natural History of the First Four Billion Years of Life on Earth. Alfred A. 

Knopf, New York, 346 pp. 
Knoll, A. H. 2003. Life On a Young Planet: The First Three Billion Years of Evolution on Earth. 

Princeton University Press, Princeton, NJ, 277 pp. 
Switek, B. 2010. Written In Stone: Evolution, the Fossil Record, and Our Place In Nature. Bellevue 

Literary Press, New York, 320 pp. 
Thomson, K. S. 2005. Fossils: A Very Short Introduction. Oxford University Press, Oxford, UK, 

147 pp. 

Guides to Collecting and Identifying Fossils
Arduini, P., G. Teruzzi, & S. S. Horenstein. 1986. Simon & Schuster’s Guide to Fossils. Simon and 

Schuster, New York, 317 pp.
Garcia, F. A., & D. S. Miller. 1998. Discovering Fossils: How To Find and Identify Remains of the 

Prehistoric Past. Stackpole Books, Mechanicsburg, PA, 212 pp. 
Lichter, G. 1993. Fossil Collector’s Handbook: Finding, Identifying, Preparing, Displaying. Sterling 

Publishing Company, New York, 160 pp. 
Macdonald, J. R. 1983. The Fossil Collector’s Handbook: A Paleontology Field Guide. Prentice-

Hall, Englewood Cliffs, NJ, 193 pp. 
Murray, M. 1967. Hunting for Fossils: A Guide to Finding and Collecting Fossils in All Fifty States. 

Macmillan Company, Toronto, Canada, 348 pp. 
Nudds, J. R., & P. A. Selden. 2008. Fossil Ecosystems of North America: A Guide to the Sites and 

their Extraordinary Biotas. University of Chicago Press, Chicago, 288 pp. 
Parker, S. 1990. The Practical Paleontologist. A Step-By-Step Guide To Finding, Studying, and 

Interpreting Fossils. Simon and Schuster, New York, 159 pp. 
Parker, S. 2007. Fossil Hunting: An Expert Guide to Finding and Identifying Fossils and Creating 

a Collection. Southwater, London, 96 pp. 
Ransom, J. E. 1964. Fossils In America: Their Nature, Origin, Identification and Classification and 

a Range Guide To Collecting Sites. Harper and Row, New York, 402 pp. 
Thompson, I. 1982. The Audubon Society Field Guide To North American Fossils. Knopf, New 

York, 846 pp. 
Walker, C., D. Ward, & C. Keates. 2009. Fossils. Dorling Kindersley (Smithsonian Handbooks), 

New York, 320 pp. 

Books and Articles on Fossils of Specific Areas
Akers, R. E., & T. J. Akers. 1997. Texas Cretaceous gastropods. Paleontology Section, Houston 

Gem and Mineral Society, Texas Paleontology Series, Publication 6, 340 pp.
Akers, R. E., & T. J. Akers. 2002. Texas Cretaceous bivalves 2. Paleontology Section, Houston 

Gem and Mineral Society, Texas Paleontology Series, Publication 7, 516 pp.



138 

Bottjer, D. J. 2002. Smoky Hill Chalk: spectacular Cretaceous marine fauna. pp. 352–364, in: 
Exceptional Fossil Preservation. A Unique View on the Evolution of Marine Life, D. J. 
Bottjer, W. Etter, J. W. Hagadorn, & C. M. Tang (eds.), Columbia University Press, New 
York.

Brosius, L. 2006.  Windows to the Past—A Guidebook to Common Invertebrate Fossils of Kansas. 
Kansas Geological Survey, Educational Series 16, 56 pp.

Everhart, M. J. 2005. Oceans of Kansas: A Natural History of the Western Interior Sea. Indiana 
University Press, Bloomington, 344 pp.

Finsley, C. 1999. Field Guide to Fossils of Texas. Gulf Publishing Company, Houston, TX, 188 
pp.

Gentile, R. J. 2015. Rocks and Fossils of the Central United States, with Special Emphasis on 
the Greater Kansas City Area, 2nd edition. University of Kansas, Department of Geology 
& Paleontological Institute, Special Publication 8, 221 p.

Jacobs, L. 1995. Lone Star Dinosaurs. Texas A&M University Press, College Station, 160 pp.
Mckinzie, M., & J. McLeod. 2012. Pennsylvanian fossils of North Texas. Occasional Papers of the 

Dallas Paleontological Society, 6: 145 p.
Mehl, M. G. 1962. Missouri’s Ice Age Animals. State of Missouri, Division of Geological Survey 

and Water Resources, Educational Series 1: 104 pp.
Unklesbay, A. G. 1955. The Common Fossils of Missouri. University of Missouri Press, Columbia, 

98 pp.
Williams, R. B. 1975. Ancient Life Found in Kansas Rocks: An Introduction to Common Kansas 

Fossils. Kansas Geological Survey, Educational Series 1, 44 pp.

Websites on Fossils of Specific States

Kansas
Kansas Fossils, Kansas Geological Survey. http://www.kgs.ku.edu/Extension/KSfossils.html.

Louisiana
Fossil Hunting in Louisiana Gravels, J. Schiebout & S. Robichaud, Louisiana State University. 

http://appl027.lsu.edu/MNSEducation/Saturday/Hunting%20for%20Fossils%203.pdf.
The Virtual Petrified Wood Museum, Mike Viney. (Includes images from across the country, 

including Louisiana, e.g., http://petrifiedwoodmuseum.org/OligoceneLouisiana.htm.)

Missouri
Missouri Fossils, B. L. Stinchcomb, 1997, originally published in Rocks & Minerals, 72(6).
 http://www.lakeneosho.org/MissouriFossils/Publication.html.

Oklahoma
Common Fossils of Oklahoma, Sam Noble Museum. 
 http://commonfossilsofoklahoma.snomnh.ou.edu.

Texas
Glen Rose Dinosaur Tracks, Texas Memorial Museum (video).
 http://www.utexas.edu.tmm/exhibits/trackway.
Guadalupe Mountains [Permian Reefs], National Park, Texas.
 http://www.nps.gov/gumo/naturescience/geologicformations.htm.
Permian Reefs and Carbonate Complexes, West Texas by Bruce Cornet.
 http://www.sunstar-solutions.com/sunstar/geology/Permian/PermianTX.htm.
The Pleistocene [Vertebrate] Fauna of South Texas, J. A. Baskin, Texas A&M University-Kingsville. 

http://users.tamuk.edu/kfjab02/SOTXFAUN.htm.  
Waco Mammoth Site, http://www.waco-texas.com/cms-waco/mammoth/.
Who Lived in Big Bend National Park? 
 http://www.bigbendfriends.org/news/projects/dinos/creature-feature/.

Fossils

Resources

3



    The

Teacher-Friendly
            GuideTM

 to the Earth Science of the

       South Central US

Edited by Mark D. Lucas, Robert M. Ross, & Andrielle N. Swaby

Paleontological Research Institution
2015



ISBN 978-0-87710-510-7
Library of Congress no. 2015938134
PRI Special Publication no. 48

© 2015  Paleontological Research Institution
   1259 Trumansburg Road
    Ithaca, New York 14850  USA
    priweb.org

First printing April 2015

This material is based upon work supported by the National Science Foundation under grant DRL-0733303. 
Any opinions, findings, and conclusions or recommendations are those of the author(s) and do 
not necessarily reflect the views of the National Science Foundation. The publication also draws 
from work funded by the Arthur Vining Davis Foundations and The Atlantic Philanthropies.

The interactive online version of this Teacher-Friendly Guide™ (including downloadable pdfs) 
can be found at http://teacherfriendlyguide.org. Web version by Brian Gollands.

Any part of this work may be copied for personal or classroom use (not for resale). Content of this Teacher-
Friendly Guide™ and its interactive online version are available for classroom use without prior permission.

The Teacher-Friendly Guide™ series was originally conceived by Robert M. Ross and Warren D. Allmon.
Original illustrations in this volume are mostly by Jim Houghton (The Graphic Touch, Ithaca), Wade Greenberg-
Brand, and Christi A. Sobel.

Layout and design by Paula M. Mikkelsen, Elizabeth Stricker, Wade Greenberg-Brand, and Katherine 
Peck.

The Teacher-Friendly Guide™ is a trademark of the Paleontological Research Institution.

Cite this book as:
Lucas, M. D., R. M. Ross, & A. N. Swaby (eds.). 2015. The Teacher-Friendly Guide to the Earth Science of 
the South Central US. Paleontological Research Institution, Ithaca, New York, 428 pp.

Cite one chapter as (example):
Allmon, W. D., & A. F. Wall. 2015. Fossils of the South Central US. Pages 81–138, in: M. D. Lucas, R. M. 
Ross, & A. N. Swaby (eds.), The Teacher-Friendly Guide to the Earth Science of the South Central US. 
Paleontological Research Institution, Ithaca, New York.

On the back cover: Blended geologic and digital elevation map of the South Central US. Each color 
represents the age of the bedrock at the surface. Adapted from Barton, K. E., D. G. Howell, & J. F. Vigil, The 
North America Tapestry of Time and Terrain, US Geological Survey Geologic Investigations Series I-2781, 
http://pubs.usgs.gov/imap/i2781.


	TFGSoCentral2015FinalText

