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Chapter 2: 
Rocks of the South Central US

There is an amazing diversity of rocks in the South Central that record more 
than a billion years of history—from 1.5-billion-year-old Precambrian rocks to 
deposits from the most recent ice age and sediments of the Coastal Plain. 
Colliding plates, rifting, inland seas, deposition, erosion, igneous and 
metamorphic activity, and recent glacial and modern coastal processes are 
all part of this story. The South Central’s different rock types influence its 
topography and tell us where to look for certain fossils or natural resources. 
Each type of rock forms in a particular environment under particular conditions 
(Figure 2.1). 
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Figure 2.1: The rock cycle shows the relationships among the three basic types of rock.
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ice age •  a period of global 
cooling of the Earth’s surface 
and atmosphere, resulting in 
the presence or expansion of 
ice sheets and glaciers.

plates •  large, rigid pieces of 
the Earth’s crust and upper 
mantle, which move and 
interact with one another at 
their boundaries.

rift •  a break or crack in the 
crust that can be caused by 
tensional stress as a landmass 
breaks apart into separate 
plates.

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

erosion •  the transport of 
weathered materials.

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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A rock is a naturally occurring solid substance composed of one or more 
minerals. Broadly speaking, there are three types of rock: sedimentary, 
igneous, and metamorphic. The rock cycle describes the many processes that 
produce rocks, while also illustrating the differences between the rock types. 
One type of rock may be transformed into either of the other types, often with 
the help of other parts of the Earth system, such as plate tectonics, the water 
cycle, and biological processes, to name a few.

Sedimentary rock is formed by the lithification of sediments (e.g., 
unconsolidated mineral and organic particles created through the weathering 
of other materials, such as rock and organic matter). Typically, sediments are 
created in an environment where erosion is a dominant force, and they are 
transported by wind, water, or ice to a depositional environment. For example, 
a rushing river can wear away the rock it is flowing over, and it also has enough 
energy to transport the resulting sediment to a lake. The water slows down, 
losing energy, and deposits the sediment on the bottom of the lake.

Rocks

Review

Sedimentary Rock Classification

Sedimentary rocks are classified by their sediment size 
or their mineral content, and each one reveals the story 
of the depositional environment where its sediments 
accumulated and were eventually lithified.

Sediment size 
(decreasing size)

Sedimentary rock Environment of 
deposition

gravel conglomerate river beds, mountains

sand sandstone beaches, river sand bars, 
sand dunes

sand, silt, clay graywacke continental shelf

silt siltstone quiet water

clay shale very quiet water, lakes, 
swamps, shallow oceans

Mineral Content Sedimentary Rock Environment of 
Deposition

calcium carbonate 
skeletons of marine 

organisms
limestone

tropical reefs, beaches, 
warm shallow seas

precipitated calcium 
carbonate

travertine, tufa hot spings, playas (dry 
lake beds), drying seas

gypsum rock gypsum playas, dryng seas

halite rock salt playas, drying seas

2

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

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

lithification •  the process 
of creating sedimentary rock 
through the compaction or 
sementation of soft sediment.

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

wind •  the movement of air 
from areas of high pressure to 
areas of low pressure.

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

plate tectonics •  the 
process by which the plates 
of the Earth’s crust move and 
interact with one another at 
their boundaries.
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Lithification of sediments occurs in several ways. As sediments build up and 
lower layers are buried more deeply, they may become permeated by water. 
Minerals dissolved in the water are precipitated, filling the spaces between 
particles and cementing them together. This cementation helps to form 
many common sedimentary rocks, such as shale, sandstone, and most 
conglomerates. The evaporation of water may also form sedimentary rocks 
by leaving behind evaporites (previously dissolved minerals) such as salt. 
Deposits of calcium carbonate, usually created through the accumulation 
of calcium carbonate skeletal material (such as clams and corals), form the 
sedimentary rocks limestone and dolostone.

Igneous rocks form from the cooling of magma (molten rock underground) 
or lava (molten rock at the Earth’s surface). When magma cools slowly 
underground, it has time to produce large crystals that are visible to the naked 
eye. Rocks that form in this manner, such as granite, are called plutonic. 
When magma comes to the surface (as lava), it cools quickly so that individual 
crystals are not visible, resulting in a volcanic rock such as basalt. In some 
circumstances, lava may cool so quickly that crystals do not form at all, creating 
a glassy rock such as obsidian. Smaller fragmental rocks that cool quickly 
at the surface form during explosive eruptions; these are called pyroclastic 
rocks, and they are composed of a variety of different volcanic ejecta. 

Every rock is capable of being melted, weathered, or changed by heat and 
pressure. Any rock that has been subjected to intense heat and pressure can 
recrystallize into a metamorphic rock. This process destroys features in the 

Rocks

Igneous Rock Classification

Igneous rocks are classified not only by their cooling 
rates and subsequent crystal sizes, but also in their 
chemical compositions. Rocks found in continental crust, 
such as granite, have high silica content and low iron and 
magnesium content. They are light in color and are called 
felsic. Rocks found in oceanic crust, like basalt, are low in 
silica and high in iron and magnesium. They are dark in 
color and are called mafic.

Crystal size Felsic Intermediate Mafic Ultramafic
large (plutonic) granite diorite gabbro peridotite

small (volcanic) rhyolite andesite basalt --

none (glassy) obsidian, tuff, 
pumice

obsidian obsidian --

Review

2

sandstone •  sedimentary 
rock formed by cementing 
together grains of sand.

conglomerate •  a sedi-
mentary rock composed of 
multiple large and rounded 
fragments that have been 
cemented together in a fine-
grained matrix.

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

dolostone •  a rock primarily 
composed of dolomite, a 
carbonate mineral. 

granite •  a common and 
widely occurring type of 
igneous rock.

basalt •  an extrusive igneous 
rock, and the most common 
rock type on the surface of the 
Earth.

glassy rock •  a volcanic 
rock that cooled almost 
instantaneously, resulting in 
a rock with tiny crystals or no 
crystals at all.

recrystallization •  the 
change in structure of mineral 
crystals that make up rocks, or 
the formation of new mineral 
crystals within the rock.
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rock that would have revealed its previous history, transforming it into an entirely 
new form as the minerals within realign. The pressure to transform a rock may 
come from burial by sediment or from compression due to plate movements, 
while the heat may be from very deep burial or from contact with magma. 

As you read through this chapter, keep in mind that once you understand 
the geologic events that have affected a given region, you should be able to 
predict the type of rocks found in that area. For example, when plates collide, 
compression and friction melt the crust. The rising magma forms igneous 
intrusions that crystallize below the surface, producing large-grained igneous 
rocks such as granite. The rising magma may break through the surface in the 
form of volcanoes, creating volcanic rocks such as basalt. Tectonic collision 
also leads to increased heat and pressure, creating metamorphic rocks. Basins 
adjacent to mountains fill with transported sediment, producing thick sequences 
of sedimentary rock.

Rocks

Metamorphic Rock Classification

Metamorphic rocks are classified differently depending 
on the protolith (parent rock) they are made from. 
The following chart shows common rocks and the 
metamorphic rocks that they can become.

Parent rock Metamorphic rocks

shale slate, phyllite, schist, gneiss (in order of increasing 
heat and pressure)

granite gneiss

sandstone quartzite

limestone marble

peridotite serpentinite

Review

2

compression •  flattening or 
squeezing as a result of forces 
acting on an object from all or 
most directions.

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

intrusive rock •  a plutonic 
igneous rock formed when 
magma from within the Earth’s 
crust escapes into spaces in 
the overlying strata.
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What happens to a rock when it is metamorphosed?

When rocks are subjected to high enough temperatures 
or pressures, their characteristics begin to change. The 
weight of overlying rock can cause minerals to realign 
perpendicularly to the direction of pressure, layering 
them in a pattern called foliation, as exemplifi ed in gneiss 
and schist. Recrystallization, as seen in marble and 
quartzite, results as rock is heated to high temperatures, 
and individual grains reform as interlocking crystals, 
making the resulting metamorphic rock much harder than 
its parent rock.

Contact metamorphism describes a metamorphic rock 
that has been altered by direct contact with magma.  
Changes that occur due to contact metamorphism are 
greatest at the point of contact. The farther away the rock 
is from the point of contact, the less pronounced the 
change.

Regional or dynamic metamorphism describes a meta-
morphic rock that has been altered due to deep burial 
and great pressure. This type of metamorphic rock tends 
to occur in long belts. Different types of metamorphic 
rock are created depending on the gradients of heat and 
pressure applied.
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Why do we see different kinds of rocks at the surface?

As you walk across the surface of the Earth, you will 
observe an amazing variety of rock types. If all rocks were 
fl at-lying layers and there was no erosion, then we would 
only see one type of rock exposed on the surface. Often, 
however, rocks have been worn away (eroded), and the 
underlying layers are now exposed at the surface. Layers 
of rock may also be tilted, folded, or faulted to reveal the 
underlying rocks at the surface. 

When rocks are fl at-
lying layers and there 
is no erosion, folding, 
or faulting, the person 
walking across the 
surface sees only one 
rock type.

When rocks are worn 
away (often by streams), 
the person walking 
across the surface sees 
the underlying layers of 
rock exposed.

When rocks are folded or 
tilted, the person walking 
across the surface sees 
several layers of rock 
exposed.

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

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

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

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

Mississippian •  a subperiod 
of the Carboniferous, spanning 
from 359 to 323 million years 
ago.
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Rocks of the Central Lowland
Region 1

The rocks of the Central Lowland, extending from northern Missouri southward 
into northern Texas, are primarily marine in nature. These sediments were 
mainly deposited during the late Paleozoic, as a shallow sea covered most of 
the area during the Carboniferous and Permian periods (Figure 2.2).

Missouri’s Central Lowland is composed almost entirely of Carboniferous-
aged deposits, produced from the erosion of eastern mountains formed by 
the Appalachian Orogeny. Enormous quantities of sediment were transported 
westward and deposited within the shallow sea that covered the region. The 
dominant rocks in this area are Pennsylvanian in age, with a thin strip of 
Mississippian along their eastern margin. In northwestern Missouri, repeating 
patterns of marine limestones and shales interbedded with non-marine 

Rocks

Region 1

2

Figure 2.2: Generalized geologic map of the Central Lowland.
(See TFG website for full-color version.)
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sandstones indi-cate that the shallow sea advanced and retreated many times 
over this area of the state. 
The Carboniferous rocks of 
Missouri are famous for their 
fossil deposits as well as being 
important economic sources 
of lead and zinc. Beneath 
these deposits lie Precambrian 
igneous and metamorphic 
rocks, which form the core of 
the continent and the basement 
of the Interior Plains. 

Northern Missouri showcases the effects of recent glacial advances in 
deposits of glacial drift and wind-blown loess. The Loess Hills, found along 
the Missouri River Valley, extend from Iowa into the northwestern corner of 
Missouri (Figure 2.3). The 
area also contains plentiful 
glacial erratics—these large 
boulders, transported from 
as far north as Canada, are 
most commonly composed 
of granite and quartzite.

In Kansas, exposed Paleozoic marine rocks decrease in age as one moves 
westward. The oldest rocks, from the Pennsylvanian, dominate the eastern 
margin of the state, and chiefl y contain sandstones, shales, and limestones. 
The Cherokee Lowlands, an area of Pennsylvanian strata located in the state’s 
southeastern corner, are extremely rich in coal; this area is the largest center 

Rocks
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Unless rock layers are 
overturned, older rocks are 
found at the bottom and 
younger rocks are found 
at the top of a sedimentary 
sequence.  This is known as 
the Law of Superposition.

Figure 2.3: Cross-section of the Loess Hills.

See Chapter 6: Glaciers to learn 
about how glaciers affected the 
South Central’s landscape.

lead •  a metallic chemical 
element (Pb).

zinc •  a metallic chemical 
element (Zn, atomic number 
30).

drift • unconsolidated debris 
transported and deposited by 
a glacier.

loess •  very fi ne grained, 
wind-blown sediment, usually 
rock fl our left behind by the 
grinding action of fl owing 
glaciers.

erratic •  a piece of rock that 
differs from the type of rock 
native to the area in which it 
rests, carried there by glaciers 
often over long distances.

quartzite •  a hard 
metamorphic rock that was 
originally sandstone.
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Why are there different sedimentary rocks in different 
environments? 

Most sedimentary rock deposited in underwater settings 
originated from material eroded on land and washed down 
streams or rivers before settling to the bottom of a body of 
water. Intuitively, the faster the water is moving, the larger the 
sediments it may carry. As the water slows down, the size of 
sediments it can carry decreases. Furthermore, the farther the 
grains of sediment are carried, the more rounded they become as 
they are tumbled against each other. In this way, rivers emptying 
into a sea are effectively able to sort sediment. Near the mouth 
of the river, the water is still relatively high-energy, dropping 
only the largest pieces; farther from the shore, the dropped 
particles get smaller. Therefore, conglomerates and sandstones 
are interpreted to have been deposited on or near the shore, 
siltstone farther from the shore, and shale in deep water quite 
far from shore where currents are slow enough that even very 
tiny particles may settle. 

Increased distance from shore and water depth can also reduce 
the presence of oxygen in the water, causing organic material 
to decompose less completely. This causes darker, carbon-rich 
rocks (including some that contain exploitable fossil fuels) to 
form in these areas. Limestone is made primarily of calcium 
carbonate, the components of which are dissolved in the 
water. Living creatures, like coral and foraminifera, take those 
components out of the water to make calcium carbonate shells, 
which, after the creatures die, accumulate to become limestone. 
These shelled creatures tend to fare better in clear water, so 
limestone usually forms far from other sources of sediment. 
While this process happens over much of the seafl oor, if more 
than 50% of the sediment being deposited is from another 
source, the rock that forms is, by defi nition, not limestone.

fossil fuels •  fuel for human 
use that is made from the 
remains of ancient biomass.
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of coal mining in Kansas. To the west lie the Flint Hills, a band of Permian 
rocks containing prevalent 
chert and limestone. Many 
buildings in this area are 
constructed out of local lime-
stone (Figure 2.4).

Although most surface rocks in Kansas’ Central Lowland are sedimentary, 
Woodson and Wilson counties are known for their exposures of lamproite, 
an intrusive igneous rock that pierced the Paleozoic shales during the 
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Figure 2.4: The Chase County Courthouse in Cottonwood Falls, Kansas, constructed from Flint 
Hills limestone.

chert •  a sedimentary rock 
composed of microcrystaline 
quartz.

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

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

rhyolite •  a felsic volcanic 
rock high in abundance of 
quartz and feldspar.

lamproite • an ultramafic 
volcanic (extrusive) rock with 
high levels of potassium and 
magnesium that contains 
coarse crystals. 

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

See Chapter 7: Energy for more 
about coal resources in the 
Central Lowland.
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Region 1

2
Cretaceous. The northeastern corner of the state, while underlain by the same 
Pennsylvanian and Permian sediments mentioned previously, is covered in 
glacial drift deposited during the ice age.

Shallow seas covered Oklahoma during most of the Paleozoic, leading to 
sedimentary deposits overlying nearly all of the Precambrian igneous and 
metamorphic bedrock in the Central Lowland. Only a single exposure of 
Precambrian rocks occurs in the state: the Arbuckle Mountains, which contain 
a 1.4-billion-year-old core of gneiss and granite capped by Cambrian rhyolite. 
About 750 million years ago, a rift began to form in what is now southwest 
Oklahoma. Magma rising to near the surface cooled to form a variety of granitic 
rocks, which are now the oldest parts of the Wichita Mountains, and the only 
Oklahoman Cambrian rocks other than those found in the Arbuckles.

During the Carboniferous, rivers fl owing through Oklahoma deposited vast 
deltas, producing a swampy landscape that was periodically fl ooded by rising 
sea levels. The alternation of marine and non-marine environments led to the 
creation of cyclothems (Figure 2.5), alternating sequences of terrestrial and 
marine sedimentary layers dominated by thick limestones and dolomites. 
These Pennsylvanian formations cover almost 25% of Oklahoma’s surface. 

The most intense period of mountain building in the region also occurred during 
the Pennsylvanian, with the uplift of the Ouachita, Wichita, and Arbuckle 
mountains. This orogenic episode downwarped the crust and created basins 
where thick layers of shale, sandstone, and limestone were deposited. In central 
Oklahoma, Permian rock predominates; it includes sand and mudstones made 
up of eroded sediment from the newly-formed Ouachitas, as well as thick layers 
of salt and gypsum deposited once the sea level began to regress.

In Texas, the Central Lowland is dominated by Permian rock, with a band 
of Pennsylvanian sediments and a small segment of Cretaceous shoreline 
sediment found to the east. After the Pennsylvanian rise of the Ouachitas to the 
north in Oklahoma, shallow seas were fi lled with sediment. As the inland seas 
retreated, the area became home to broad evaporite basins, where deposits 
of salt, gypsum, and red muds formed throughout the hot, arid environments 
of the late Permian (Figure 2.6). Today, these famous red beds are home to 

A gneiss is a very highly metamorphosed rock with 
alternating bands of dark and light minerals. The dark 
bands are mafi c and higher in magnesium and iron, 
while the lighter bands are felsic and higher in silicates. 
These bands may form because extreme temperature 
and pressure cause a chemical reaction that forces the 
different elements into separate layers. Banding may 
also occur when a set of varied protoliths are subjected 
to extreme shearing and sliding forces, causing them to 
stretch into stacked sheets. 

dolomite •  a carbonate 
mineral, consisting of calcium 
magnesium carbonate 
(CaMg(CO3)2). 

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

orogeny •  a mountain-
building event generally 
caused by colliding plates and 
compression of the edge of 
the continents. 

delta • a typically wedge-
shaped deposit formed as 
sediment is eroded from 
mountains and transported 
by streams across lower 
elevations. 

downwarp • a segment of the 
Earth’s crust that is broadly 
bent downward.



56 

an extensive fauna of fossilized Permian amphibians, reptiles, and synapsids 
(ancient relatives of mammals).

Rocks

Region 1

2

Figure 2.6: The Permian-age gypsum and red mudstones of the Quartermaster Formation are 
exposed in the red cliffs of Caprock Canyons State Park in Briscoe County, Texas.

Figure 2.5: An example of a 
cyclothem.

See Chapter 3: Fossils for more 
information about Permian life 
in the South Central.
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Rocks of the Interior Highlands
Region 2

The mountainous regions of the Interior Highlands are dominated by uplifted 
sedimentary rock deposited within shallow seas, though the oldest rocks of the 
area are igneous in nature (Figure 2.7). The core of the Interior Highlands is 
made up of a Proterozoic mountain range that formed around 1.5 billion years 
ago. Today, these units—a suite of igneous rocks—crop out within the Saint 
Francois Mountains across an area of 13,000 square kilometers (5000 square 
miles). The oldest of these rocks are composed of rhyolite fl ows dating to 1.5 
billion years ago. In some of these fl ows, slower cooling led to the formation of 
larger crystals—called phenocrysts—within the rhyolites. Hughes Mountain, 
a rhyolite edifi ce in the southeastern Saint Francois Mountains, is composed 
of intrusive rhyolites that fractured into columnar joints while cooling (Figure 
2.8).

The Saint Francois Mountains also contain slightly younger intrusive granite 
that formed between 1.5 and 1.25 billion years ago. This granite is exposed 
in Elephant Rocks State Park (so named for a string of massive boulders that 
superfi cially resemble a chain of elephants), where spheroidal weathering
has smoothly worn the ancient rocks away along preexisting fractures (Figure 
2.9). The largest “elephant” in the park weighs 680 tons and is 8 meters (27 
feet) tall, 7.6 meters (25 feet) long, and 5 meters (17 feet) wide. 

In addition to rhyolite and granite, gabbro and basalt are common within the 
Saint Francois Mountains, with the latter being most commonly found in the 
form of dikes.

Figure 2.7: Generalized geologic map of the Interior Highlands.
(See TFG website for full-color version.)

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

columnar joint • fi ve- or 
six-sided columns that form 
as cooling lava contracts and 
cracks.

spheroidal weathering • a 
type of chemical weathering 
in which the rough edges of 
a rock wear away evenly, 
gradually revealing a smooth, 
rounded surface.

fracture •  a physical property 
of minerals, formed when a 
mineral crystal breaks.
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Figure 2.8: The Devil’s Honeycomb, an outcropping of columnar jointed rhyolite in Hughes 
Mountain State Natural Area.

Columnar Jointing

As a lava fl ow cools, it contracts, and the resulting force 
may cause the rock to crack. These cracks continue down 
to the bottom of the fl ow, resulting in fi ve- or six-sided 
columns. Columnar joints are not restricted to basalt 
fl ows and can form in ashfl ow tuffs as well as shallow 
intrusions. The columns are generally vertical, but may 
also be slightly curved.
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The Paleozoic rocks of the Interior Highlands consist of a suite of shale, sand-
stone, limestone, dolomite, and chert. During this time period, vast inland seas 
led to the deposition of sandstone near shore and shale and limestone in deeper 
waters, with coral reefs forming around the volcanic rocks of the Saint Francois 
Mountains. Within this seaway, 
sandstones, shales, carbon-
ates, and chert accumulated. 
Deposits of shallow-water car-
bonates formed throughout the 
Paleozoic, with episodes of sea 
level regression and erosion 
occasionally disrupting their 
deposition. 

After the collision of North 
America and Gondwana during 
the Pennsylvanian, the formation 
of the supercontinent Pangaea 
led to signifi cant changes 
within the South Central States. 
The epicontinental seas that 
dominated the landscape for the 
previous 200 million years were 
squeezed out of the region, and 
marine deposits were severely 
affected by tectonic forces from 

Figure 2.9: The “elephant rocks” at Elephant Rocks State Park, Missouri.

Inland sea may sound like a 
contradiction in terms, but 
there is a very simple, yet 
important, distinction that 
differentiates it from other 
seas: an inland sea is located 
on continental crust, while 
other seas are located on 
oceanic crust. An inland sea 
may or may not be connected 
to the ocean. For example, 
Hudson Bay is on the North 
American plate and connects 
to the Atlantic and Arctic 
oceans, while the Caspian Sea 
is on the European plate but 
does not drain into any ocean 
at all.

gabbro •  a usually coarse-
grained, mafi c and intrusive 
igneous rock.

dike • a sheet of intrusive 
igneous or sedimentary rock 
that fi lls a crack in a pre-
existing rock body.

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.

carbonate rocks • rocks 
formed by accumulation of 
calcium carbonate, often made 
of the skeletons of aquatic 
organisms.
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the surrounding, colliding continents. A rapid infl ux of clastic sedimentary rocks 
was followed by intense deformation. In Arkansas and Oklahoma, this folding 
and faulting resulted in the Ouachita Orogeny, which produced the Ouachita 
Mountains. The uplift exposed millions of years of buried marine strata, as 
well as Precambrian-aged granites and rhyolites. Today, the tilting limestone 
beds of the area create a 
distinct landscape known 
as “tombstone topography” 
(Figure 2.10). 

The Ouachita Mountains are distinctive in that tectonic-induced volcanism, 
metamorphism, and intrusion played minimal roles in their formation, although 
low-grade metamorphism did lead to the formation of novaculite from existing 
chert (Figure 2.11). Novaculite is dense and therefore resistant to erosion; its 
layers stand out as ridges in the Ouachitas.

Unlike the Ouachita Mountains, the Ozark highlands in Missouri represent not 
folded bedrock but instead an uplifted plateau that formed during the Ouachita 

Orogeny. Erosion of these newly formed uplands led to the deposition of clastic 
sediment in basins to the north and south of the plateau. A colorful form of 
chert, called mozarkite, is also plentiful in the Ozarks and is the offi cial state 
rock of Missouri. 
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See Chapter 1: Geologic History 
to learn more about Pangaea.

Figure 2.10: Tombstone topography in the Arbuckle Mountains.

Gondwana •  the super-
continent of the Southern 
Hemisphere, composed of 
Africa, Australia, India, and 
South America.

Pangaea •  supercontinent, 
meaning “all Earth,” which 
formed over 250 million years 
ago and lasted for almost 100 
million years. 

fault •  a fracture in the Earth’s 
crust in which the rock on one 
side of the fracture moves 
measurably in relation to the 
rock on the other side.

Ouachita Orogeny • the late 
Paleozoic mountain building 
event that resulted in the 
folding and faulting of strata 
currently exposed in the 
Ouachita Mountains. 

density •  a physical property 
of minerals, describing the 
mineral’s mass per volume.
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After the breakup of Pangaea during the Mesozoic, the North American plate 
drifted away from the Mid-Atlantic Ridge. Decreased tectonic activity along the 
continent’s eastern and southeastern edge led to the formation of a passive 
continental margin. The Coastal Plain extends along this margin, across the 
Gulf of Mexico and up through the Mississippi Embayment.

The sediment and rock of the Coastal Plain is geologically very young, ranging 
in age from the Cretaceous to the present (Figure 2.12). The region’s sediment 
and rock include gravel, sand, silt, clay, marl, limestone, and uncommon layers 
of concentrated shell material called coquina. Much of the Coastal Plain’s “rock” 
is actually unconsolidated sediment that has not had enough time to be lithifi ed, 
cemented, or suffi ciently compacted into hard rock. Coastal Plain sediment 
forms a wedge of gently dipping layers of sediment and sedimentary rock that 
thickens towards the Gulf of Mexico, overlying older bedrock (Figure 2.13). This 
sediment is 6100 meters (20,000 feet) thick in northern Louisiana, thickens to 
12,000 meters (40,000 feet) at the coast, and reaches 18,000 meters (60,000 
feet) offshore. Depending on the rates of cementation or compaction, it may 
take tens or even hundreds of millions of years before these layers of sediment 
are lithifi ed. 

Rocks

Regions 2–3

2

Figure 2.11:  A large novaculite outcrop found on an Ouachita mountaintop in Montgomery County, 
Arkansas.

passive margin • a tecton-
ically quiet continental edge 
where crustal collision or rifting 
is not occurring.

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

clay •  the common name for 
a number of very fi ne-grained, 
earthy materials that become 
plastic (fl ow or change shape) 
when wet.

marl • a fi ne-grained 
sedimentary rock consisting of 
clay minerals, calcite and/or 
aragonite, and silt.

Mississippi Embayment •
a topographically low-lying 
basin in the south-central 
United States, stretching from 
Illinois to Louisiana.
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Figure 2.12: Generalized geologic map of the Coastal Plain.
(See TFG website for full-color version.)

Figure 2.13: Millions of years of sediment accumulation in the basins caused coastal areas to 
subside, creating a gentle slope toward the Gulf of Mexico.

PALEOGENE–NEOGENE

alluvial •  a thick layer of river-
deposited sediment.

fl uvial •  see outwash plain: 
large sandy fl ats created 
by sediment-laden water 
deposited when a glacier 
melts.
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The Coastal Plain surface and subsurface sediments of Arkansas, Missouri, 
and Louisiana are dominated by those deposited in alluvial or deltaic settings. 
This indicates that a major river system, such as the Mississippi, has existed 
since the initial formation of the Gulf of Mexico (which occurred during the 
breakup of Pangaea in the Mesozoic). A progression of fl uvial, deltaic, and 
coastal deposits carrying sediments eroded from the Ouachitas has migrated 
into the Gulf over time, continually altering the coastline (Figure 2.14). 

The state of Louisiana formed as a slow regression in sea level allowed the 
deposition of sediment to create a terrestrial environment at the edge of the 
Gulf. Approximately 25% of the state’s northern surface, consists of Paleogene- 
and Neogene-aged shales, sandstones, and gravels deposited within fl uvial, 
deltaic, and shallow marine settings (Figure 2.15). The remaining 75% of the 
surface consists of Quaternary-aged silts, sands, and gravels deposited from 
channels, marshes, levees, and terraces. 

Thousands of feet of salt are present under the fl uvial deposits of the 
Mississippi. This thick layer of salt accumulated during the initial formation of 
the Gulf when fl ooding and evaporation occurred during the early stages of 
Pangaea’s breakup. Since the salt deposits are less dense than sandy and 

2

Figure 2.14: Shoreline positions along the Coastal Plain during the past 70 million years.
(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.

terrace • a fl at or gently 
sloped embankment or ridge 
occurring on a hillside, and 
often along the margin of 
(or slightly above) a body of 
water, representing a previous 
water level.
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muddy sediments, they moved plastically and vertically to form salt domes, 
some of which reach to and are exposed at the surface today. Louisiana’s few 
Cretaceous-aged outcrops, in Bienville Parish, consist of older marine deposits 
that were uplifted by the formation of these salt domes.

In Texas, the Coastal Plain is subdivided into several physiographic provinces 
(Figure 2.16). The Coastal Prairies along the Gulf of Mexico are dominated by 
Pleistocene deltaic sands, silts, and clays. Ever since our modern sea level 
was reached some 3000 years ago, thin coastal-barrier, lagoon, and delta 
sediments have been deposited along the Coastal Prairies. Further inland, along 
the Interior Coastal Plains, 
Cenozoic clay, shales, and 
uncemented sands are 
present, overlying Pliocene 
limestone. In the innermost 
part of the Coastal Plain (the 
Blackland Prairies), chalks 
and marls are present. 

The Balcones Escarpment forms the western boundary of Texas’ Coastal 
Plain, and extends from approximately Dallas to San Antonio. It is the surface 
expression of the Balcones Fault—a fault system that is thought to have 
formed 300 million years ago during the Ouachita Orogeny. The escarpment 
features cliffs that expose walls of Cretaceous limestone (Figure 2.17), as well 
as subterranean caves. The rocks to the west of the Balcones Escarpment are 
more resistant to erosion than the soft sediments of the Coastal Plain are; as 
a result, erosion and weathering have served to accentuate the Escarpment’s 
height (Figure 2.18).

Rocks2
Region 3

See Chapter 4: Topography to 
learn more about salt domes 
and the formation of the Coastal 
Plain.

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

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

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

Figure 2.15: The Kisatchie National Forest in north-central Louisiana contains some of the state’s 
oldest sediment, including Paleogene and Neogene silt, gravel, and shale.

physiography • a subfield of 
geography that studies the 
Earth’s physical processes 
and patterns.

salt dome • a largely 
subsurface geologic structure, 
consisting of a vertical cylinder 
of salt embedded in horizontal 
or inclined sedimentary strata.  



          65

Rocks 2
Regions 3–4

Figure 2.16: Physiographic map of 
Texas.

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

Rocks of the Great Plains
Region 4

The Great Plains region is defi ned by the Rocky Mountains to the west and 
the Central Lowland to the east, with the Balcones Fault in Texas creating the 
divide between the Great Plains and the Coastal Plain in the southeast. The 
region’s geologic history is chiefl y one of sedimentary deposition driven fi rst 
by marine environments and, more recently, by terrestrial deposition from the 
erosion of the Rocky Mountains to the west (Figure 2.19).

The oldest rocks in the Great Plains can be found in the Llano Uplift of central 
Texas. This area contains an uplifted batholith of distinctive pink Precambrian 
granite (called the Town Mountain granite), and is famous for its large formations 
such as Enchanted Rock, the largest isolated outcrop of pink granite in the US 
(Figure 2.20). This granite formed 1.1 billion years ago during the Grenville 
Orogeny, when it intruded into the surrounding Precambrian Packsaddle 
schist and Valley Springs gneiss. The Llano Uplift also includes the only known 

batholith • a large exposed 
structure of intrusive igneous 
rock that solidifi ed at depth, 
and covers an area of over 
100 square kilometers (40 
square miles).

schist •  a medium grade 
metamorphic rock with sheet-
like crystals fl attened in one 
plane.
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deposits of llanite (named for Llano County), a type of rhyolite containing large 
phenocrysts of feldspar and blue quartz (Figure 2.21).

The Town Mountain granite, exposed through the erosion of surrounding rock, 
is heavily exfoliated. Although granite is under tremendous pressure when it 
forms deep underground, it is at equilibrium with the surrounding rock because 
the pressure on it is equal in every direction. However, once it is exposed at 
the surface, the absence of signifi cant downward pressure allows it to expand 

quartz •  the second most 
abundant mineral in the 
Earth’s continental crust (after 
feldspar), made up of silicon 
and oxygen (SiO2 ).

exfoliation • a type of physical 
weathering in which overlying 
layers are weathered away, 
and the reduction of downward 
pressure allows the underlying 
rock to expand toward the 
surface.

Figure 2.17: Faulted Cretaceous limestone is exposed along the Balcones Escarpment at a 
roadcut on US 281 North.
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Figure 2.19: Generalized geologic map of the Great Plains.
(See TFG website for full-color version.)

Figure 2.18: The Balcones Escarpment and its surrounding environments have been shaped by 
erosion.
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Figure 2.21: Precambrian 
llanite from Texas.

joint • a surface or plane of 
fracture within a rock.

Figure 2.20: Enchanted Rock stretches across 260 hectares (640 acres) and rises approximately 
130 meters (425 feet) above the surrounding landscape.

upward. This expansion causes joints, or cracks, to form parallel to the surface, 
producing slabs that resemble the curved layers of an onion (Figures 2.22 and 
2.23).
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Throughout much of the Paleozoic era until the early stages of the Carboniferous, 
the Great Plains region was submerged in a shallow sea. Shales, limestones, 
dolostones, and sandstones dominate the Paleozoic strata of Oklahoma and 
Texas, although they are now buried by younger Neogene and Quaternary 
sediments. In Kansas, Paleozoic marine deposits are similarly buried by 
Neogene and Quaternary sediments.

In the Jurassic, the sea level regressed and the region became exposed. 
During this time, sandstones and shales were deposited in Texas by a large river 
system. In the Cretaceous, the Great Plains were covered again as a shallow 

Rocks 2
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Figure 2.23: Exfoliation joints on a granite dome in Enchanted Rock State Natural Area.

Figure 2.22: Exfoliation process diagram.

Jurassic •  the geologic time 
period lasting from 201 to 145 
million years ago. 
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1500- to 3000-meter-thick (5000- to 10,000-foot-thick) deposits of shale and 
limestone were formed. Cretaceous sediments are exposed within the Smoky 
Hills of Kansas—an area known for its sandstone, limestone, and chalk. The 
Dakota Sandstone is the oldest Cretaceous rock in the Great Plains, having 
formed around 95 million 
years ago. It is exposed at 
Mushroom Rock State Park 
in north-central Kansas, 
where hoodoos capped 
by sandstone concretions 
stand out from the landscape 
(Figure 2.24). 

Figure 2.24: This hoodoo in Mushroom Rock State Park is made up of a concretion of erosion-
resistant Dakota Sandstone atop a pillar of softer sedimentary rock. This “mushroom” is over 8 
meters (25 feet) tall.

A hoodoo forms when weather-
ing erodes a softer material 
out from underneath a mass 
of harder capstone, leading to  
“mushroom” formations.

concretion • a hard, compact 
mass, usually of spherical 
or oval shape, found in 
sedimentary rock or soil.



          71

The Niobrara Chalk, laid down around 85 million years ago, formed from the 
carbonate shells of tiny marine microorganisms and is extremely rich in fossils. 
Found within the chalk is an extensive record of fossil vertebrates—from fi sh 
and birds to fl ying and swimming reptiles—that provides an incredible glimpse 
into the Western Interior Seaway of the Cretaceous period. The Niobrara Chalk 
is also known for its pillar- and spire-shaped outcrops (Figure 2.25).

With the rise of the Rocky Mountains to the west, erosion and Cenozoic-era 
volcanism produced sediment that was transported and deposited throughout 
the Great Plains. Gravel, sand, and mud dominate the region’s surface, with 
progressively younger sediment located farther from the mountain chain. This 
mass of eroded material eventually fi lled stream valleys and covered hills, 
creating a massive, gently sloping plain that was in place by fi ve million years 
ago. The western third of Kansas and the panhandle of Oklahoma are capped 
by the Ogallala Formation, a unit of unconsolidated sands, gravels, and clays 
that eroded from the Rockies. The Ogalalla Formation is extremely porous, 
and as a result it acts as an important aquifer for much of the Great Plains.

Rocks 2
Region 4

aquifer • a water-bearing 
formation of gravel, permeable 
rock, or sand that is capable 
of providing water, in usable 
quantities, to springs or wells.

Figure 2.25: The Monument Rocks, an outcropping of the Niobrara Chalk in western Kansas.

porosity •  the percentage 
of openings in a body of 
rock such as pores, joints, 
channels, and other cavities, 
in which gases or liquids may 
be trapped or migrate through.
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Region 5

The Basin and Range is a huge physiographic region that extends from 
southeastern Oregon to west central Mexico. Only a tiny portion of it is found 
within the South Central US, in far western Texas. Even so, the Basin and 
Range may be the South Central’s most geologically complex region—in this 
tiny area of Texas, rocks can be found from nearly all periods of the Phanerozoic 
(Figure 2.26). This is largely because the region’s most recent geologic activity 
involved crustal extension that has exposed many deeper, older layers. During 
the Paleogene, magma upwelling from the mantle weakened the lithosphere, 
lowering its density. This stimulated uplift, stretching the bedrock in an east-
west direction. The crust along the Basin and Range stretched, thinned, and 
faulted into some 400 separate mountain blocks. Movement along the faults 
led to a series of elongated peaks and down-dropped valleys, also called horst 
and graben landscapes. In a manner similar to books toppling when removing 
a bookend from a shelf, the blocks slid against each other as they fi lled the 
increased space (Figure 2.27).

The oldest rocks in the Basin and Range region, and in all of Texas, are part 
of the Franklin Mountains near El Paso (Figure 2.28). The coast of the ancient 
continent is represented by marble, the metamorphic product of limestone 
deposited 1.3 billion years ago. Multiple lava fl ows and magmatic intrusions 

Figure 2.26: Generalized geologic map of the Basin and Range. 
(See TFG website for full-color version.)

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

lithosphere •  the outermost 
layer of the Earth, comprising 
a rigid crust and upper mantle 
broken up into many plates.
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Figure 2.28: The faulted rocks of Sneeds Cory, a popular rock-climbing route in the Franklin 
Mountains, are an excellent example of Precambrian layers that were tilted and fractured during 
the formation of the Basin and Range.

Figure 2.27: Alternating basins and ranges were formed during the past 17 million years by gradual 
movement along faults. Arrows indicate the relative movement of rocks on either side of a fault.

break up overlying quartzite that makes up the bulk of the area’s Precambrian 
rock.

Rocks 1.1 billion years of age are also found farther west near Van Horn, where 
Precambrian rock formed in somewhat deeper water. This rock has been more 
dramatically altered, with limestones and shales transformed into phyllite, 
schist, and quartzite. Just to the northwest, the Sierra Diablo Mountains contain 
billion-year-old, iron-rich red beds, along with a 950-million-year-old volcanic 
deposit.

Paleozoic rocks are well-represented in the Basin and Range. The Marathon 
Uplift near Marathon, Texas was created by the same forces that formed the 
Llano Uplift in the Great Plains, and it exposes a long sequence of sedimentary 
rocks. These begin in the Cambrian with a relatively thin package of shales, 
limestones, and sandstones that extend through to the Mississippian—only 

phyllite • a metamorphic rock 
that is intermediate in grade 
between slate and schist.

iron •  a metallic chemical 
element (Fe).
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950 meters (3100 feet) of rock were deposited over a period of 170 million 
years. However, sedimentation rates dramatically increased by the start of the 
Pennsylvanian, depositing more than 4200 meters (13,800 feet) of material by 
the beginning of the Permian, 60 million years later.

The Permian rocks of the Basin and Range are primarily marine, formed in the 
foreland basins created by the Ouachita Orogeny to the east. The northeastern 
part of the Marathon Uplift, and the series of mountain ranges between El 
Paso and Pecos, include many Permian rocks—for example, the Guadalupe 
Mountains contain the massive limestone remains of a Permian barrier reef 
(Figure 2.29).

As the Permian came to a close, a retreating sea left salt deposits west of Pine 
Springs, and the region became terrestrial. During the Cretaceous, much of 
the Basin and Range was again fl ooded by the Western Interior Seaway. The 
remnants of limestones deposited at the seaway’s bottom form the capstones 
of many of western Texas’ characteristic mesas (Figure 2.30).

The Paleogene saw magma well up from the mantle from about 50 to 45 million 
years ago, intruding into the existent rock layers. By about 35 million years 
ago, upwelling intensifi ed and the mantle began to uplift the crust, effectively 
tearing it and causing it to fracture and fault at the surface. This process formed 
the Basin and Range’s current rugged landscape, created numerous igneous 
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Figure 2.29: El Capitan, the southern end of the Guadalupe escarpment, is an ancient limestone 
reef. It rises to an elevation of 2458 meters (8064 feet).

capstone • a harder, more 
resistant rock type that 
overlies a softer, less resistant 
rock.
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intrusions, and it also fed the 
region’s volcanoes. Basalt 
fl ows and gabbro sills added 
to earlier andesite plutons to 
create thousands of feet of 
igneous rock (Figure 2.31).

While limited extensional 
forces continued to act on 
the Basin and Range up until 
10 million years ago, the dominant activity in the region since the beginning 
of the Neogene has been erosion. The region’s valleys are being fi lled with 
sediment from the surrounding mountains and mesas, creating thick deposits 
in northwest-southeast trending bands (Figure 2.32).

Rocks 2
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A pluton is a large body of 
igneous rock that formed under 
the Earth’s surface through the 
slow crystallization of magma. 
The term comes from the name 
of Pluto, Roman god of the 
underworld.

Figure 2.30: Many mesas and cliffs in Big Bend National Park are capped by Carboniferous 
limestone.

andesite • a fi ne-grained 
extrusive volcanic rock, with 
a silica content intermediate 
between that of basalt and 
dacite.
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bauxite • a whitish, grayish, 
brown, yellow, or reddish-
brown rock composed of 
hydrous aluminum oxides and 
aluminum hydroxides.

Figure 2.32: Basin fi ll in the Basin and Range.

GRABEN BASIN

hydrothermal solution • hot, 
salty water moving through 
rocks.

soil •  the collection of natural 
materials that collect on 
Earth’s surface, above the 
bedrock.

Figure 2.31: Igneous landscapes of Big Bend National Park. Tuff Canyon is composed of welded 
pyroclastic fl ows that occurred during the Paleogene. Cerro Castellan, in the background, is made 
up of a dense lava low underlain by tuff and basalt.
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Arkansas
State mineral: quartz
Arkansas produces some of the highest quality quartz crystals in the world. 
Most of the state’s quartz deposits are found in the Ouachita Mountains, where 
they crystallized into veins from hydrothermal solutions during the last phases 
of mountain building.

State rock: bauxite
This reddish brown rock is made up of chemically weathered Paleocene soils 
that were consolidated through weathering processes. Bauxite is a principle 
ore of aluminum and is economically important in Arkansas.

State gem: diamond
The diamonds of Arkansas originated in the mantle, where they crystallized 
approximately three billion years ago. Today, they are found in the remains of a 
95-million-year-old eroded volcano whose exposed lava pipes were channels 
for magma that brought these diamonds from the mantle to the surface.

Kansas
Kansas has no state rocks or minerals.

Louisiana
State mineral: agate
Agate found in Louisiana today was originally formed in the limestones of the 
central US, where it precipitated from silica-rich liquids. After erosion released 
it from its original bedrock, the banded stone was carried into the state by 
ancient rivers.

The designated state “gem” is eastern oyster shell.

Missouri
State mineral: galena
Missouri is nicknamed “the Lead State” due to the prevalence of this shiny cubic 
mineral, the natural form of lead. Thanks to rich deposits of galena, Missouri is 
the largest producer of lead in the United States.

State rock: mozarkite
This colorful form of chert consists of silica and chalcedony, and is found in 
the Ordovician deposits of west-central Missouri. Its name is a portmanteau of 
Missouri (mo), Ozarks (zark), and the suffix –ite, meaning “rock.” 

chalcedony • a crystalline 
silicate mineral that occurs in 
a wide range of varieties.

galena • an abundant sulfide 
mineral with cubic crystals.

ore •  a type of rock that 
contains minerals with 
valuable elements, including 
metals, that are economically 
viable to extract.

diamond •  a mineral form 
of carbon, with the highest 
hardness of any material.

agate •  a crystalline silicate 
rock with a colorful banded 
pattern.  It is a variety of 
chalcedony.

silica •  a chemical compound 
also known as silicon dioxide 
(SiO2 ).

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

gem • a mineral that has been 
cut and polished for use as an 
ornament.
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Oklahoma
State rock: barite
Also known as “desert rose,” these flower-like rock formations may be composed 
of large crystals of gypsum, selenite, or other evaporite minerals. Oklahoma’s 
barite crystallized 250 million years ago during the Permian.

Texas
State mineral: silver
Silver was first discovered in Texas in 1880, and has been mined intermittently 
since then.

State rock: petrified palmwood
Although technically a fossil, petrified palmwood became Texas’ state “rock” in 
1969. Dying trees from the lush Cretaceous forests were occasionally covered 
by mud before decaying; their cellular structures were replaced by silicate 
minerals to form petrified wood.

State gem: Texas blue topaz
This silicate gemstone is only found in Mason County, near the Llano Uplift, 
where it occurs in Precambrian granite outcroppings. The largest gem-quality 
topaz ever found in Texas (and all of North America) weighs in at a whopping 
1296 grams (2.8 pounds)!

Rocks2
State Rocks

barite • a usually white, clear, 
or yellow mineral (BaSO4) 
found in limestone, clay-rich 
rocks, and sandstones. 

selenite •  a variety of the 
mineral gypsum that is most 
often colorless.

silver •  a metallic chemical 
element (Ag).

tree •  any woody perennial 
plant with a central trunk.



          79

Rocks 2
ResourcesResources

Rock and Mineral Field Guides
Brown, V., D. Allan, & J. Stark. 1987, Rocks and Minerals of California, 3rd revised edition.

Nautregraph Publishers, Happy Camp, CA, 200 pp. 
Chesterman, C. W. 1979. National Audubon Society Field Guide to North American Rocks and 
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