Chapter 4:
Topography of the
South Central US
Does your region have rolling hills? Mountainous areas? Flat land where you
never have to bike up a hill? The answers to these questions can help you
understand the basic topography of your region. The term topography is used
to describe the changes in elevation over a particular area and is, generally
speaking, the result of two processes: deposition and erosion. These processes
can occur over an enormous range of timescales. For example, a flash flood
can erode away tons of rock in a matter of hours, yet which rock is broken down
and which remains can depend on how it was formed hundreds of millions of
years ago. In the South Central, topography is intimately tied to weathering as
well as to the type and structure of the underlying bedrock, but it is also a story
of plate tectonics and its associated folding, faulting, and uplift.
Weathering includes both the mechanical and chemical processes that break
down a rock. Wind, water, and ice are the media by which physical weathering
and erosion occur. Streams are constantly eroding their way down through
bedrock to sea level, creating valleys in the process. Given sufficient time,
streams can cut deeply and develop wide flat floodplains on valley floors.
Streams, oceans, and ice also deposit the material they erode, creating new
topographical features elsewhere.
The pounding action of ocean waves on a coastline contributes to the erosion
of coastal rocks and sediments, while the emptying of a river can lead to the
building of a delta. The deposition of fine silt that has been ground from rock
by glaciers can lead to the formation of wind-blown deposits called loess,
as seen in Missouri and Kansas. And though its effect is less pronounced
in the South Central than in other areas, ice can change the landscape due
to frequent episodes of freezing and thawing. On a small scale, as water
trapped in fractures within the rock freezes and thaws, the fractures continue
to widen (Figure 4.1). This alone can induce significant breakdown of large
rock bodies.

erosion • the transport of
weathered materials.

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

plate tectonics • the
process by which the plates
of the Earth’s crust move and
interact with one another at
their boundaries.

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.

floodplain • the land around
a river that is prone to
flooding.

glacier • a body of dense
ice on land that does not
melt away annually and has
sufficient mass to move under
its own weight.
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Figure 4.1: Physical weathering from a freeze-thaw cycle.
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mineral • a naturally
occurring solid with a specific
chemical composition and
crystalline structure.

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

marble • a metamorphic rock
composed of recrystallized
carbonate minerals, most
commonly calcite or dolomite.

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

cementation • the precipitation of minerals that binds
together particles of rock,
bones, etc., to form a solid
mass of sedimentary rock.

Working in conjunction with mechanical weathering, chemical weathering also
helps to break down rocks. Some minerals contained in igneous and
metamorphic rocks that are formed at high temperatures and pressures
(far below the surface of the Earth) become unstable when they are exposed
at the surface where the temperature and pressure are considerably lower,
especially when placed in contact with water. Unstable minerals transition into
more stable minerals, resulting in the breakup of rock. Weak acids, such as the
carbonic acid found in rainwater, promote the disintegration of certain types
of rocks. Limestone and marble may be chemically broken down as carbonic
acid reacts with the carbonate mineral composition of these rocks, forming
cavities and caverns. Other sedimentary rocks held together by carbonate
cement are also particularly susceptible to chemical weathering.
The specific rock type at the surface has an important influence on the
topography of a region. Certain rocks are able to resist weathering and erosion
more easily than are others; resistant rocks that overlie weaker layers act as
caps and form ridges. The Western Interior Seaway of the Cretaceous collected
and preserved sediments that became sedimentary rocks, such as the chalk
deposits of Kansas’ Great Plains region. Sedimentary rocks weather and erode
differently than do crystalline (and generally harder) igneous and metamorphic
rocks, such as those found in Texas’ Llano Uplift. Silica-rich igneous rocks
have a crystalline nature and mineral composition that resists weathering
far better than do the cemented grains of a sedimentary rock. The metamorphic
equivalents of sedimentary and igneous rocks are often even more resistant
due to recrystallization. There are exceptions, however, such as schist,
which is much weaker than its pre-metamorphic limestone or sandstone state.
Landscapes of unconsolidated sediments, like beaches, deltas, and alluvial
fans, are the least resistant to erosion. The unconsolidated sediments of the
Coastal Plain region along the Gulf of Mexico are not yet even considered rocks.
The limited degree of cementation, compaction, and interlocking crystals found
in these sediments makes it
difficult for them to stand up to
See Chapter 2: Rocks to learn
the effects of wind, chemical
more about the Niobrara Chalk
weathering, and water.
and other Cretaceous deposits

in Kansas.

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

chalk • a soft, fine-grained,
easily pulverized, white-tograyish variety of limestone,
composed of the shells of
minute planktonic single-celled
algae.
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The underlying structure of rock layers also plays an important role in surface
topography. Sedimentary rocks are originally deposited in flat-lying layers that
rest on top of one another. The movement of tectonic plates creates stress
and tension within the crust, especially at plate boundaries. Intrusions and
salt domes beneath the surface may also cause deformation of the crust. All
these different sources of geological stress can deform the flat sediment layers
through folding, faulting, or overturning. These terms are collectively used to
describe rock structure, and they can also be used to determine which forces
have affected rocks in the past. The folding of horizontal rock beds followed by
erosion and uplift brings layers of rock to the surface. Faulting likewise exposes
layers at the surface to erosion, due to the movement and tilting of blocks of
crust along the fault plane. Since tilted rocks expose underlying layers, resistant
layers stick out and remain as ridges, while surrounding layers of less resistant
rock erode away.

Topography
An area’s glacial history is also important to topography, and the glacial ice sheet
of the most recent ice age covered the northernmost part of the South Central,
leaving its mark on the landscape. The Loess Hills of northwestern Missouri
formed from the blowing and deposition of fine-grained, glacier-pulverized rock
fragments, and the Missouri River’s original valley was cut by the erosive action
of melting glacial ice. As the ice age came to an end, sediment-laden meltwater
flowed southward, sculpting river valleys and depositing sediment to form the
Coastal Plain.
Just as we are able to make sense of the type of rocks in an area by knowing
the geologic history of the South Central, we are able to make sense of its
topography (Figure 4.2) based on rocks and structures resulting from past
geologic events.
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silica • a chemical compound
also known as silicon dioxide
(SiO2 ).

recrystallization • the
change in structure of mineral
crystals that make up rocks, or
the formation of new mineral
crystals within the rock.

schist • a medium grade
metamorphic rock with sheetlike crystals flattened in one
plane.

alluvial • a thick layer of riverdeposited sediment.

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.

Figure 4.2: Digital shaded relief map of the South Central.

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

Topography is a central element of the broader concepts of geomorphology
or physiography, which also include consideration of the shape (not just the
height) of land forms, as well as the bedrock, soil, water, vegetation, and climate
of an area, and how they interacted in the past to form the landscape we see
today. A physiographic province is an area in which these features are similar,
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Quaternary • a geologic
time period that extends from
2.6 million years ago to the
present.

pre-Illinoian glaciation • a
grouping of the Midwestern
glacial periods that occurred
before the Wisconsinian and
Illinoian glaciations.

scouring • erosion resulting
from glacial abrasion on the
landscape.

till • unconsolidated sediment
that is eroded from the
bedrock, then carried and
eventually depositied by
glaciers as they recede.

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

Topography
and are also significantly different from those of adjacent regions, and/or the
region can be separated
from adjacent regions by
See Chapter 2: Rocks for more
major geological features.
details about physiographic
The regions of the South
provinces within the regions of
Central US that we use in this
the South Central.
book are examples of major
physiographic provinces.

Topography of the Central Lowland
Region 1

The Central Lowland is part of the Interior Plains of the United States, bounded
by the Great Plains to the west. This region was affected by glaciation, with its
northernmost areas smoothed during the glacial advances of the most recent
ice age.
During the Quaternary, a 152-meter (500-foot) thick ice sheet from the
extensive Kansan glacial stage (a sub-stage of the Pre-Illinoian glaciation)
covered Kansas’ northeastern corner as well as Missouri’s northern third.
Glacial scouring flattened the landscape, leaving behind smooth, rolling hills.
The ice sheet also left behind layers of till, clay, gravel, and wind-blown silt
(called loess), which contributed to the area’s rich soil. These glacial deposits
are underlain by shales and limestones that formed in a shallow sea during the
late Paleozoic. While most evidence of the glaciers’ advance has already been
erased by erosion, glacial erratics―large boulders of red quartzite carried from
as far north as South Dakota―are prevalent throughout the Central Lowland’s
glaciated area. In Wabunsee County, Kansas, whole ridges are composed
entirely of such boulders. These ridges may have originally been valleys
that filled up with the erratics, which in turn were more resistant to erosion
than the surrounding rock—meaning that erosion eventually broke down the
valley walls, leaving behind
a ridge of the boulders that
See Chapter 6: Glaciers to learn
had once filled the valley.
more about glacial erratics and
This phenomenon is called
deposits.
topographic inversion.
In Kansas, south of the glacial deposits, the Osage Cuestas area (Figure 4.3) is
characterized by a series of east-facing escarpments formed by gently dipping
Paleozoic limestones and
shales. The combination of
The word cuesta is Spanish for
resistant limestone and more
“hill” or “cliff.” In geology, the
easily eroded shale led to the
term is used to describe ridges
formation of the cliffs we see
that have gentle slopes on one
today (Figure 4.4), whose
side and steep cliffs on the other.
steep faces range from 15 to
60 meters (50 to 200 feet) in
height.
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gravel • unconsolidated,
semi-rounded rock fragments
larger than 2 millimeters (0.08
inches) and smaller than 75
millimeters (3 inches).

soil • the collection of natural
materials that collect on
Earth’s surface, above the
bedrock.
Figure 4.3: Physiographic areas of Kansas within the Central Lowland.

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

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.

Figure 4.4: The escarpment topography of the Osage Cuestas is composed of alternating, gently
dipping layers of soft shales and hard limestones.

Escarpments form when faulting or erosion acts to create
a cliff or steep slope that separates two level or gently
sloping topographical surfaces. Typically, cliffs created
by faulting are called “scarps,” while “escarpments” are
those formed by the differential erosion of resistant layers
that alternate with softer strata.
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nodule • a small, irregular or
rounded mineral deposit that
has a different composition
from the sedimentary rock that
encloses it.

Topography
Directly west of the Osage Cuestas lie the Flint Hills (see Figure 4.3), which are
also composed of erosion-resistant limestone alternating with softer shales.
Unlike the gently sloping strata of the Cuestas, the rocks of the Flint Hills lie
in flat layers—here, differential erosion has led to a stairstepped landscape
(Figure 4.5). The Flint Hills also differ from the Cuestas in that their limestone
layers contain hard nodules of chert (also called flint), which further enhances
the limestone’s resistance to erosion. Karst features such as sinkholes, caves,
and springs are common in the Flint Hills (see box on p. 150).

chert • a sedimentary rock
composed of microcrystaline
quartz.

karst topography • a kind of
landscape defined by bedrock
that has been weathered by
dissolution in water, forming
features like sinkholes, caves,
and cliffs.

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

anticline • a layer of rock
folded (bent) along an axis,
concave side down (i.e., in an
upside down “u” or “v” shape).

Figure 4.5: Differential erosion led to the Flint Hills’ unique, stairstep landscape.

The Central Lowland of Oklahoma and Texas, also known in part as the Osage
Plains (Oklahoma) and the North-Central Plain (Texas), is an area of rolling
terrain and prairies. These landscapes began to form during the Paleozoic,
when an inland sea covered the region. Tectonic activity has played a minimal
role in altering the region, so the area’s largely flat topography was preserved
after the sea receded. The Arbuckle Mountains in south central Oklahoma are
one exception—an anticline structure (Figure 4.6), this low mountain chain
formed as the land buckled and folded during the Ouachita Orogeny, which
occurred to the southeast during the Carboniferous. The Arbuckles reach
heights of 90–150 meters (300–500 feet) above the surrounding terrain. Water
has worked its way through fractures in the underlying limestone to create a
series of more than 1000 caves and conduits that serve as a major freshwater
aquifer.
Texas’ North-Central Plain is bounded to the west by the Caprock Escarpment,
a cliff of erosion-resistant calcium carbonate that rises as high as 300 meters
(1000 feet) above the plains.
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Ouachita Orogeny • the late
Paleozoic mountain building
event that resulted in the
folding and faulting of strata
currently exposed in the
Ouachita Mountains.

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

Figure 4.6: An anticline, an upward fold in layered rocks.

Topography of the Interior Highlands

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

Region 2

The Interior Highlands is a mountainous region that spans Oklahoma, Arkansas,
and Missouri. It is the only major highland region between the Appalachian
and Rocky mountains. Its three major topographic divisions are the Ouachita
Mountains, Arkansas Valley, and Ozark Uplift (Figure 4.7).

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

Figure 4.7: The Interior Highlands and its three major topographic divisions.
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Gondwana • the supercontinent of the Southern
Hemisphere, composed of
Africa, Australia, India, and
South America.

Topography
Ouachita Mountains

The Ouachita Mountains of southeastern Oklahoma and west central Arkansas
formed during the Carboniferous, when the ocean between Gondwana and
North America began to close. Initially, this collision created the Appalachian
Mountains; later, Gondwana’s collision with the North American continent during
the Pennsylvanian (Figure 4.8) generated the folding and faulting event that
led to the formation of the Ouachita Mountains. This collision, which occurred
in a north-south direction, created folds that extend in a roughly east-west
direction, compared to the more north-south orientation of the Appalachian and
Rocky Mountains (Figure 4.9).

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

Figure 4.8: Earth during the late Carboniferous, around 300 million years ago.

Figure 4.9: Geographic orientations of North America’s major mountain ranges.
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East-west mountain ranges are quite unusual in North America, and the fact that
most mountain ranges here are north-south has interesting cultural implications.
As settlement and migration occurred over the continent, the mountains formed
barriers, forcing regional isolation and lifestyle changes. This is different from
the spread of humans through Asia and Europe, where most mountains run
east-west, resulting in migration along latitudinal lines that allowed for similar
climate and growing seasons throughout the path of settlement.
Today, the rounded topography of the Ouachitas speaks to their age. These
mountains are distinctive in that volcanism, metamorphism, and intrusions are
notably absent throughout most of the range. The lack of weathering-resistant
rocks has also helped to shape these mountains. Much like the similarly aged
Appalachians, the Ouachitas’ once-great peaks have been blunted by 300
million years of weathering and erosion.

Arkansas Valley

The Arkansas Valley is situated between the Ouachita Mountains and Ozark
Uplift. During the Ouachita Orogeny, as the mountains were folded upward,
the rock of the Arkansas Valley was warped downward. This is a structural
trough, meaning it was created through deformation of the crust as opposed
to being carved by a river or other process of erosion. The Arkansas Valley is
up to 65 kilometers (40 miles) in width, and its area includes features common
to the Ouachitas and the Ozarks. The Arkansas Valley Hills subdivision, to the
northeast of the Arkansas River, contains dissected plateaus similar to but
much lower in height than those of the Ozarks. To the south of the Arkansas
River, the valley is filled with folded strata and ridges that mark a transition to
the Ouachita mountain system.

4
Region 2
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).

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

Arkansas Valley also has its own set of characteristic physical features: isolated
flat-topped mesas (Figure 4.10). One of these, Mount Magazine, is the highest
point of the Interior Highlands, reaching 839 meters (2753 feet). Some 670

Figure 4.10: The flat-topped mesas of the Arkansas Valley, seen from atop Petit Jean Mountain.
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meters (2200 feet) separate its summit from the valleys that surround it. Both
the flat floor of the valley and the steep sides of the mesas are a result of
erosion by the Arkansas River.

Ozark Uplift
orogeny • a mountainbuilding event generally
caused by colliding plates and
compression of the edge of
the continents.

Precambrian • a geologic
time period that spans from
the formation of Earth (4.6
billion years ago) to the
beginning of the Cambrian
(541 million years ago).

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

The Ouachita Orogeny led to the formation of both the Ouachita Mountains and
the Ozark Uplift to the north. The two areas, however, formed in very different
ways, which significantly affected the region’s topography. The Ouachitas are
the result of folding, and their rock units are twisted and tilted; in contrast the
Ozark Uplift is the result of uplift during the orogeny, and the strata there are
therefore fairly horizontal. Since their initial uplift in the late Paleozoic, stream
and river valleys have extensively dissected the Ozarks, carving into the onceflat plateau. The radial areas between these streams are often so broad as to
make travelers think they are traversing a flat terrain. The Boston Mountains
represent the highest section of the Ozark Uplift, with the highest named
peak—Turner Ward Knob—standing at 751 meters (2463 feet) in elevation, but
nearby, unnamed peaks reach beyond 760 meters (2500 feet).
The Saint Francois Mountains in southeast Missouri (Figure 4.11) are the core
of the Ozarks, representing an exposed portion of an igneous mountain chain
from the Precambrian. They contain the tallest point of the Ozark area and the
highest point within Missouri, achieving altitudes of nearly 610 meters (2000
feet) above sea level. The Saint Francois Mountains are thought to represent
the only part of the American Midwest that was not submerged by the shallow
seas of the Paleozoic and Mesozoic.
In Missouri, the action of groundwater contributed to the formation of more than

Figure 4.11: The geographic location of the Saint Francois Mountains.
(See TFG website for full-color version.)
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6000 caves and caverns within the state’s Paleozoic limestones. Missouri is
famous for its caves, and many of them are popular tourist attractions. Meramec
Caverns, Missouri’s most visited cave, is a limestone cavern system extending
7.4 kilometers (4.6 miles) beneath the Ozarks (Figure 4.12). Other famous
locations include the Mark Twain Cave, which is the oldest public cave in the
state; it played a pivotal role in Twain’s The Adventures of Tom Sawyer. These
types of caverns—as well as sinkholes—are common in areas with limestone
bedrock, which is easily dissolved by the acids in groundwater and rain. Such
dissolution over long periods of time eventually leads to the formation of karst
topography. This landscape of fractured rock can include features like towers,
terraces, and complex drainage systems, which appear both above and
beneath the surface of the bedrock.

4
Regions 2–3
terrace • a flat 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.

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

Figure 4.12: Limestone structures within Meramec Caverns.

Topography of the Coastal Plain
Region 3

In terms of its geology, the Coastal Plain is the least complicated region of the
United States. Following the breakup of Pangaea, as the North American plate
began drifting away from the Mid-Atlantic Ridge, mountain building along the
eastern margin of North America ceased. A long period of erosion continued
from the Cretaceous through the Quaternary, as sediment that eroded from the
149
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atmosphere • a layer of
gases surrounding a planet.
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Karst Topography
Karst topography refers to a region where the landscape’s
features are largely the result of chemical weathering
by water, resulting in caves, sinkholes, disappearing
and reappearing streams, cliffs, and steep-sided hills
called towers. These structures form when water picks
up carbon dioxide from the atmosphere and ground to
form carbonic acid. Even this fairly weak and dilute acid
dissolves carbonate rocks (such as limestone) relatively
easily, resulting in dramatic features while other rock is
comparatively unaffected. Karst is found in every state
except Hawaii, and as an aquifer it is the source of a
significant amount of our drinking water. While common,
karst is not always easily identifiable since it is often
not expressed at the surface or its topography has been
affected by other factors. Karst topography is a relatively
mature type of landscape, taking many tens of thousands
of years to develop, and it can indicate that a region has
been free of other forms of erosion, or deposition, for an
extended period. Karst topography in the South Central is
present wherever water has eroded the limestone bedrock,
including parts of the Flint Hills, Arbuckle Mountains,
southern Missouri, and the Edwards Plateau.

Topography
Karst Topography (continued)

4
Region 3
passive margin • a tectonically quiet continental edge
where crustal collision or rifting
is not occurring.

(See TFG website for full-color version.)

mountains was gradually deposited along North America’s passive continental
margin to build the Atlantic and Gulf Coastal plains. Sediment was transported
from the mountains by rivers and streams to the coast, building up successive
layers of sediment that fanned out onto the continental shelf (Figure 4.13).
When sea level rose, deposition of marine sediment also contributed to the
Coastal Plain. The late Cretaceous was marked by very high sea levels
worldwide, in part due to the significant increase in plate tectonic activity that
followed increased volcanism at the mid-ocean ridges after the breakup of
Pangaea. As ocean basins change in shape, sea level goes up and down. Mid151
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Mississippi Embayment •
a topographically low-lying
basin in the south-central
United States, stretching from
Illinois to Louisiana.

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

progradation • outward
building of strata toward the
sea in the form of a beach,
fan, or delta.

Figure 4.13: Shoreline positions along the Coastal Plain during the last 70 million years. The
shoreline reflects the regression that resulted from the last significant glacial advance of the
modern ice age. (See TFG website for full-color version.)

ocean ridges are one of the major topographic features displacing water, and
they increase sea level as they grow in height or length. The Mississippi
Embayment also formed during the Cretaceous (Figure 4.14) when the ocean
flooded the area between the Interior Highlands and the Appalachians. When
sea level later fell due to glaciation, erosion removed some material from the
Coastal Plain.
Throughout the Cenozoic era, the Coastal Plain extended 400 kilometers
(250 miles) into the Gulf of Mexico, with sediment deposits 15,000 to 18,000
meters (50,000 to 60,000 feet) thick. The depositional settings of the South
Central’s Coastal Plain are similar to those seen today, including river,
floodplain, shoreline, delta, and shallow marine environments. The Mississippi
River Delta is an extremely important coastal area in North America, and it is
the United States’ largest drainage basin, creating a very active depositional
environment. The deposits become increasingly younger toward the gulf, due
to a depositional process called progradation. During this process, the river
forms a deposit at its margin, and then overflows it and deposits material on the
far side in a continual outward movement (Figure 4.15).
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Figure 4.14: The Mississippi Embayment (with shoreline changes over the past 140 million years).
(See TFG website for full-color version.)

Figure 4.15: Evolution of the Mississippi River Delta over the past 6000 years.
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evaporite • a sedimentary
rock created by the
precipitation of minerals
directly from seawater,
including gypsum, carbonate,
and halite.

)

)

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

)
)

salt • a mineral composed
primarily of sodium chloride
(NaCl).

density • a physical property
of minerals, describing the
mineral’s mass per volume.

oil • See petroleum: a
naturally occurring, flammable
liquid found in geologic
formations beneath the
Earth’s surface and consisting
primarily of hydrocarbons

Figure 4.16: The formation of a salt dome.

The entire state of Louisiana is found within the Coastal Plain, with Cenozoic
deposits forming as the sea advanced and retreated on several occasions. The
topography of Louisiana is limited, with the highest point—Driskill Mountain—at
163 meters (535 feet) above sea level, and the lowest point—New Orleans—at
an average elevation of 2 meters (6.5 feet).
In Texas, the Coastal Plain extends west to the Balcones Fault and Escarpment,
commonly regarded as the division between upland and lowland Texas. Similarly
to the Osage Cuestas, the Inner Coastal Plain of Texas also contains a series
of cuesta escarpments.
The Coastal Plain also includes many salt dome formations, which are prevalent
in both Texas and Louisiana. These salt domes began as evaporite deposits
that formed during the Jurassic. After later sedimentation covered the salt
beds, the salt, which is lower in density and more flexible than the overlying
layers, began to drift upward. This movement creates dome-shaped structures
that warp the surface sediment, creating both positive and negative topography
(Figure 4.16). The Five Islands in Louisiana are an excellent example of positive
dome-shaped topography. They are formed from five salt domes, each around
three kilometers (two miles) in diameter, which were uplifted to form tall domeshaped hills in Louisiana’s Gulf Coast marshlands.
The shape and structure of salt domes make them excellent traps for pockets
of oil and gas, and such
pockets
are
especially
See Chapter 7: Energy for more
prevalent in the Texas Gulf
about the formation and use of
Coast. As a result, salt domes
salt domes.
are critically important in the
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process of prospecting for fossil fuels in the Gulf. Emptied salt domes have
also been used as storage caverns for liquid gas and chemical waste.

Topography of the Great Plains
Region 4

The Great Plains region is a product of two earlier geologic events: the
presence of the Western Interior Seaway during the Cretaceous, and the onset
of the Laramide Orogeny during the late Cretaceous and early Paleogene.
The Western Interior Seaway retreated thanks in part to uplift that occurred
during the formation of the Rocky Mountains; the flat floor of this former sea,
left exposed after it receded, provided the basis for the topography of the
Interior Plains. These marine rocks are only found at depth beneath today’s
Great Plains, buried by an overlying sequence of rocks deposited by streams,
wind, and glaciers during the Cenozoic era. The Rocky Mountains continued
to rise, and volcanic activity increased around 50 million years ago, providing
large quantities of sediment that were transported and deposited across the
Interior Plains.
Extending southward from western Kansas into Texas, the Great Plains
represent one of the largest regions of the South Central, second only to the
Coastal Plain. Across this expanse, the region’s topography is rather diverse,
and can be divided into five distinct areas: the Central Texas Uplift, High Plains,
Pecos Valley, Edwards Plateau, and the Plains Border (Figure 4.17).

4
Regions 3–4
fossil fuels • fuel for human
use that is made from the
remains of ancient biomass.

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

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

Central Texas Uplift

Figure 4.17: The Great Plains and its five major topographic divisions.
(See TFG website for full-color version.)
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granite • a common and
widely occurring type of
igneous rock.

gneiss • a metamorphic rock
that may form from granite or
layered sedimentary rock such
as sandstone or siltstone.

Topography
Uplift of this mountainous portion of the Great Plains began as the continental
interior was raised during the Western Interior Seaway’s retreat at the close
of the Cretaceous period, some 65 million years ago. The uplift is a dome of
Precambrian rock—a body of granite surrounded by a ring of metamorphic
gneiss and schist that formed between 1.3 and 1 billion years ago.
Since its formation, weathering and erosion from streams have led to the
landforms visible in the uplift today. Enchanted Rock is perhaps the area’s
most spectacular feature.
This granitic dome extends
See Chapter 2: Rocks for more
130 meters (425 feet) above
information about Enchanted
the surrounding terrain, and
Rock and other batholiths.
it is visible for miles from the
surrounding basin.

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

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

The High Plains represents the largest area of the South Central’s Great Plains,
and it is composed of sediments that originated in the Rocky Mountains to the
west. Water and wind flowing from the high mountains carried loose sediment—
gravel, sand, silt, and mud—eastward. This mass of eroded material eventually
filled stream valleys and covered hills, creating a massive, gently sloping plain
that was in place by five million years ago—meaning these sediments are
quite young on the scale of geologic time. Because the sediment was carried
in an eastward direction, the coarsest sediments are found farther to the
west, while finer strata are
observed in the east. Today,
See Chapter 2: Rocks to learn
the area stands as a littlewhy sediment grain size changmodified, five-million-yeares across a depositional gradiold depositional surface. The
ent.
Ogallala Formation, a unit
of unconsolidated sands,
gravels, and clays, caps the
See Chapter 10: Earth Hazards
High Plains and is a major
to find out how drought is
aquifer for much of the region
contributing to the depletion of
(Figure 4.18). As one of the
the Ogalalla aquifer.
world’s largest aquifers, it
supplies drinking water to
over two million people.
In Texas, the High Plains forms a broad mesa, bounded by steep escarpments
that separate it from the lowlands to the east and west. Rivers that run over
the edges of these escarpments have eroded the landscape, leading to the
formation of dramatic gorges such as the Palo Duro Canyon (Figure 4.19).
The second largest canyon in the United States, its walls expose strata from
the Permian red beds of the Quartermaster Formation up to the Cenozoic
caprock of the Ogallala Formation.
The canyon is roughly 110 kilometers (70 miles) long, has an average width of
10 kilometers (6 miles), and an average depth of 250 meters (820 feet).
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Permian • the geologic time
period lasting from 299 to 252
million years ago.

caprock • a harder, more
resistant rock type that
overlies a softer, less resistant
rock.

Figure 4.18: Extent of the Ogallala aquifer and its saturated thickness as measured in 1997.
(See TFG website for full-color version.)

Pecos River Valley

Exposed across just a small area within the South Central, the Pecos River
Valley is a broad valley formed by erosion, driven by the Pecos River. The
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Region 4
topsoil • the surface or upper
layer of soil, as distinct from
the subsoil, and usually
containing organic matter.

Figure 4.19: Striking sedimentary layers are exposed in the walls of Palo Duro Canyon.

development of the north-south Pecos diverted the original east-west streams
that deposited the Ogallala Formation; therefore, the Great Plains no longer
receives sediment from the western highlands to replenish the topsoil.
158

Topography
The Pecos Valley follows the river from elevations of more than 4000 meters
(13,000 feet) in the Sangre de Cristo Mountains of New Mexico, southward
through grassland and desert to the Edwards Plateau before finally emptying
into the Rio Grande through a vast gorge. To the east, the Ogallala Formation
of the High Plains forms a rim rock at the top of the Mescalero Escarpment; to
the West lies Texas’ Basin and Range region.

4
Region 4

Edwards Plateau

As the Pecos River continues south of the Pecos Valley, it enters the Edwards
Plateau. This area consists primarily of limestone that was deposited in the
inland sea during the Cretaceous. Because it weathers easily in the presence
of water, the plateau’s limestone forms a very diverse landscape today. The
Pecos River cuts 120 to 150 meters (400 to 500 feet) below the level of the
plateau’s surface, while the Devils, West Nueces, and Nueces rivers cut
similarly through the plateau to the east. The plateau’s southeastern edge is
formed by the Balcones Escarpment.
In the northeast, karst topography is prominent; sinkholes dot the plateau’s
surface, often connecting to caverns that formed below due to the action of
groundwater. One example is Devil’s Sinkhole (Figure 4.20), an enormous
vertical shaft (15 meters [50
See Chapter 10: Earth Hazards
feet] wide at the surface) that
drops 45 meters (140 feet)
to learn how karst can lead to
into a huge, 95-meter-wide
the formation of sinkholes and
(320-foot-wide) limestone
other dangers.
cavern.

Figure 4.20: Devil’s Sinkhole, in Edwards County, Texas.
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gypsum • a soft sulfate
mineral that is widely mined
for its use as fertilizer and as a
constituent of plaster.

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

lithosphere • the outermost
layer of the Earth, comprising
a rigid crust and upper mantle
broken up into many plates.

mantle • the layer of the
Earth between the crust and
core.

Topography
Plains Border

Like the Edwards Plateau, the Plains Border is an area shaped by water. Here,
a large number of east-west river valleys cut through and shape the landscape.
In the north-central section of Kansas, known as the Smoky Hills, rivers have
cut several hundred meters (yards) through the High Plains strata to expose
Cretaceous-aged marine deposits of sandstone, limestone, and chalk. As a
result of the dissolution of salt and gypsum beneath the surface, sinks and
collapses are also found within this area.

Topography of the Basin and Range
Region 5

The Basin and Range possesses perhaps the most unique topography of the
South Central, if not of the entire United States. It covers a large area of the US
and is extensive in the Rocky Mountain, Southwestern, and Western states,
while only just reaching the South Central in westernmost Texas. Basin and
Range topography is characterized by alternating valleys and mountainous
areas, oriented in a north-south, linear direction.
The formation of this topography is directly related to tectonic forces that led
to crustal extension—the pulling of the crust in opposite directions. After the
Laramide Orogeny ended in the Paleogene, tectonic processes stretched
and broke the crust, and the upward movement of magma weakened the
lithosphere from underneath. Around 20 million years ago, the crust along
the Basin and Range stretched, thinned, and faulted into some 400 mountain
blocks. The pressure of the mantle below uplifted some blocks, creating
elongated peaks and leaving the lower blocks below to form down-dropped
valleys. The boundaries between the mountains and valleys are very sharp,
both because of the straight faults between them and because many of those
faults are still active.
These peaks and valleys are also called horst and graben landscapes (Figure
4.21). Such landscapes frequently appear in areas where crustal extension

Figure 4.21: A horst and graben landscape occurs when the crust stretches, creating blocks of
lithosphere that are uplifted at angled fault lines.
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occurs, and the Basin and Range is often cited as a classic example thereof. In
the Basin and Range, the crust has been stretched by up to 100% of its original
width. As a result of this extension, the average crustal thickness of the Basin
and Range region is 30–35 kilometers (19–22 miles), compared to a worldwide
average of around 40 kilometers (25 miles).
Broadly, the topography of west Texas follows the pattern of the greater Basin
and Range, with numerous small ranges trending southeast from El Paso
and Guadalupe National Park, parallel to the Rio Grande. The graben areas
between the mountainous horsts are relatively flat and arid. Alluvial fans
spread outward from the feet of the mountains where streams have deposited
sediment on a gentle slope, creating a brief transition zone between the distinct
topographies. Within the graben (regionally referred to as “bolsons”), mesas
are often found in which a tough limestone caprock has protected lower layers
from erosion. The shape of these mesas can provide clues about the amount
of local precipitation: greater rainfall increases chemical weathering, resulting
in more rounded hills. Generally, as one travels westward the margins of these
mesas become sharper, since average rainfall decreases and mechanical
weathering becomes increasingly dominant. In the South Central, the Basin
and Range merges into the Rio Grande Rift, a continental rift that stretches
from Chihuahua, Mexico to central Colorado. As it is difficult to identify where
the two areas join together, it is possible that many of the south-central Basin
and Range formations are more properly part of the Rio Grande Rift.

4
Region 5
rift • a break or crack in the
crust that can be caused by
tensional stress as a landmass
breaks apart into separate
plates.

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

There are a few exceptions to the Basin and Range pattern in west Texas. The
Davis Mountains and the smaller ranges between Marfa and Presidio were
formed during the early Neogene, when welling magma actually reached the
surface, and they are therefore composed mostly of volcanics. This distinct,
though related, origin is the reason that these ranges deviate from the typical
northwest-southeast orientation of the horst and graben ridges located in this
area. The Davis Mountains (Figure 4.22) are part of the Trans-Pecos Volcanic

Figure 4.22: The northern Davis Mountains.
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caldera • a collapsed,
cauldron-like volcanic crater
formed by the collapse of land
following a volcanic eruption.

tuff • a pyroclastic rock made
of consolidated volcanic ash.

Topography
Field, which consists of at least 12 calderas and associated ash flow tuffs, and
also contains seven named peaks greater than 2400 meters (8000 feet) tall.
These giant volcanoes erupted between 40 and 20 million years ago, making
them part of a wave of supervolcano eruptions that occurred throughout the
southwest during the Oligocene. These eruptions also led to the formation of
the Superstition Mountains in Arizona, the Mogollon Mountains in New Mexico,
and the San Juan Mountains in Colorado.
Big Bend National Park, near the southern edge of western Texas, has perhaps
the most complex topography in the area. It was shaped by a variety of major
geologic events: the upwelling of magma and formation of volcanic ranges during
the middle Cenozoic, the compressional forces of the Laramide Orogeny,
and the genesis of horst and graben landscapes. Since the conclusion of these
events, erosion continues to slowly shape the landscape (Figure 4.23).

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

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

Figure 4.23: El Solitario in Big Bend Ranch State Park, the eroded remains of an uplifted granitic
igneous intrusion.
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Highest and Lowest Elevations (by State)

4
Elevations

Arkansas

The highest point in Arkansas is Signal Hill, which is 839 meters (2753 feet)
high. It is one of two peaks on Mount Magazine, a flat-topped plateau located in
the Ozark National Forest. Arkansas’ lowest point, at 17 meters (55 feet) above
sea level, is the portion of the Ouachita River that enters Louisiana.

Kansas

Kansas, while notoriously flat, slopes downward to the east. Mount Sunflower,
half a mile from the state’s western border, is nearly indistinguishable from the
surrounding flatland at 1231 meters (4309 feet) above sea level. The “summit”
of this tongue-in-cheek topographic high point includes a sunflower sculpture
made from railroad spikes and a plaque that reads “nothing happened here
in 1897.” The Verdigris River at Kansas’ border with Oklahoma is the state’s
lowest point, at 207 meters (679 feet) above sea level.
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dinosaur • a member of a
group of terrestrial reptiles with
a common ancestor and thus
certain anatomical similarities,
including long ankle bones
and erect limbs.

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
floor.

Topography
Louisiana

At an elevation of 163 meters (535 feet), Driskill Mountain might more properly
be called a hill. This landform, located in north central Louisiana, was shaped by
the erosion of unconsolidated Paleogene sediments. The state’s lowest point
lies within the city of New Orleans, at 2 meters (6.5 feet) below sea level—a
series of levees protect the city from being submerged.

Missouri

Taum Sauk Mountain is Missouri’s highest point. Although it stands just 540
meters (1772 feet) above sea level, this mountain is part of the ancient St.
Francois Mountains and is several times older than the Appalachians. Taum
Sauk and the surrounding mountains are among the only landforms in the US to
have never been submerged in prehistoric seas. Missouri’s lowest point, at 70
meters (230 feet), is located where the Saint Francis River borders Arkansas.

Oklahoma

Oklahoma’s highest point is Black Mesa, at 1516 meters (4975 feet) in elevation.
It is located in the westernmost part of the Oklahoma panhandle, less than a
mile east of the New Mexico border. Over 18 tons of dinosaur bones have
been recovered from the Black Mesa. The lowest point in Oklahoma lies at
88 meters (289 feet) above sea level and is located on the Little River at the
Arkansas border.

Texas

Guadalupe Peak, an ancient limestone reef that rises abruptly from the
Chihuahuan Desert, is the highest point in Texas at 2667 meters (8751 feet)
above sea level. It is located within Guadalupe Mountains National Park, just
16 kilometers (10 miles) south of the New Mexico border. The lowest area in
Texas is the shore of the Gulf of Mexico, which lies at sea level.
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Resources

Books
Huffman, G. G. 1958. Geology of the flanks of the Ozark Uplift. Oklahoma Geological Survey
Bulletin 77, 281 pp.
Reichman, O. J. 1991. Konza Prairie: A Tallgrass Natural History. University Press of Kansas,
Lawrence, 226 pp.
Wyckoff, J. 1999. Reading the Earth: Landforms in the Making. Adastra West, Mahwah, NJ, 352
pp.

Websites
Color Landform Atlas of the US. (Low resolution shaded relief maps of each state.)
http://fermi.jhuapl.edu/states/states.html.
OpenLandform Catalog, Education Resources, OpenTopography. (High resolution topographic
images that may be useful in teaching.)
http://www.opentopography.org/index.php/resources/lidarlandforms.
Teaching Geomorphology in the 21st Century, On the Cutting Edge‚ Strong Undergraduate
Geoscience Teaching, SERC. (A set of resources for college level, some of which may be
adaptable to secondary education.)
http://serc.carleton.edu/NAGTWorkshops/geomorph/index.html.
Teaching with Google Earth, On the Cutting Edge‚ Starting Point: Teaching Entry Level Geoscience,
SERC. http://serc.carleton.edu/introgeo/google_earth/index.html.

Websites on Specific Areas
Arkansas Valley, T. Foti, 2011, The Encyclopedia of Arkansas History and Culture, Central
Arkansas Library System.
http://www.encyclopediaofarkansas.net/encyclopedia/entry-detail.aspx?entryID=441#.
Flint Hills Geology, Tallgrass Prairie National Preserve, National Park Service, US Department of
the Interior, 2 pp.
http://www.nps.gov/tapr/upload/Flint%20Hills%20Geology%20OLD2.pdf.
Geomorphology of the Flint Hills, East-Central Kansas, J. S. Aber, Emporia State University.
http://academic.emporia.edu/aberjame/field/flint/flint.htm.
The Mississippi River’s Alluvial Plain, 2000, US Geological Survey Tapestry of Time and Terrain.
http://tapestry.usgs.gov/features/45mississippi.html.
Physiographic Provinces of Arkansas, Arkansas Geological Survey.
http://www.geology.ar.gov/education/physio_regions.htm.
Physiographic Regions of Kansas, GeoKansas, Kansas Geological Survey.
http://www.kgs.ku.edu/Extension/Physio.html.
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