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B Introduction

The geologic map in the National Atlas of the United States of America shows the age,
distribution, and general character of the rocks that underlie the Nation, including Alaska,
Hawaii, Puerto Rico, and the Virgin Islands (but excluding other small island possessions).
(The National Atlas of the United States can be accessed at URL http://nationalatlas.gov/
natlas/Natlasstart.asp.) The map depicts the bedrock! that lies immediately beneath soils
or surficial deposits except where these deposits are so thick and extensive that the type of
bedrock beneath them can only be inferred by deep drilling or geophysical methods, or both.
Thus, it does not show the extensive glacial deposits of the North Central and Northeastern
States, the deep residuum of the Southeastern and South Central States, the relatively thin
alluvium along many major rivers and basins, and extensive eolian deposits on the high
plains. However, it does show, in a general way, the thick alluvial deposits along the lower
Mississippi River and on the Atlantic and Gulf Coastal Plains, and in the deep basins of the
western cordillera.

The rocks are classified as either sedimentary, volcanic, plutonic, or metamorphic,
and their geologic ages are given in terms using a simplified version of the 1999 Geological
Society of America geologic time scale (fig. 1). In some places rocks depicted as sedimen-
tary are interlayered with volcanic rocks, including tuff, volcanic breccia, and volcanic
flows. Conversely, many of the rocks shown as volcanic include interlayered sedimentary
rocks. Plutonic rocks are classified by age and as granitic, intermediate, mafic, or ultra-
mafic, but no similar classification has been attempted for the volcanic rocks in this ver-
sion of the map. Where sedimentary or volcanic rocks have been metamorphosed but still
retain clear evidence of their depositional age and origin, the extent of the metamorphism
is shown by a pattern. Where the metamorphism has been so intense that the rocks bear little
resemblance to the rocks from which they were derived, they are mapped as gneiss, but the
age given is generally the age of the original rocks.

The map in the National Atlas is a generalization of a new geologic map of North
America that has recently been published by the Geological Society of America. The
original compilation was prepared at a scale of 1:2,500,000 for publication at a scale of
1:5,000,000. This generalized version is intended for viewing at scales between about
1:10,000,000 and 1:7,500,000. Figures 2 and 13 are index maps showing the various geo-
logic provinces described in the following section. Figure 2 shows provinces in the conter-
minous United States; figure 13 shows those in Alaska.

'"Terms in bold type are defined in the Glossary.
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Il Geologic Provinces NG
Conterminous United States

The conterminous United States occupies a significant part of southern North America,
and its complex geology reflects the complex geology of the continent (fig. 2). The nucleus of the
continent is a stable block of metamorphic and igneous rocks assembled from about half a dozen
plates of continental crust at various times during the Precambrian. Most of this block of con-
tinental crust, called the North American craton, has remained stable during much of subsequent
geologic time. However, parts of the eastern margin of the craton were deformed and metamor- :
phosed during formation of the Appalachian mountain system, and extensive parts of the craton :
in the west have been affected by folding, faulting, and uplift during formation of the Cordilleran ,
mountain system. Large parts of the craton were blanketed by sediments deposited in shallow seas
that washed across it during the Paleozoic and Mesozoic and by materials eroded from highlands
that developed along its margins from time to time. For descriptive purposes the area of the
conterminous United States can be divided into four principal provinces: (1) Central Interior
Region, which comprises the craton and its veneer of little-disturbed sedimentary rocks;

(2) the Appalachian and Ouachita mountain systems, which border the craton on the east and
south; (3) the coastal plains of the Southern and Southeastern States, which are composed of
Mesozoic and Tertiary rocks that lap onto the southeastern margin of the Appalachians, largely
cover the Ouachita mountain system, and lap directly onto the interior lowlands of the Central
Interior Region in the Mississippi Valley; and (4) the Cordilleran mountain system, which
flanks the craton on the west and extends to the Pacific Coast. Each of these can be further
divided into subprovinces and belts that share similar geologic histories and display similar
geologic features.

[ Central Interior Region

The Central Interior Region extends from the western foothills of the Appalachians
to the eastern front of the Rocky Mountains, and from the Canadian border south to the
northern limit of the Gulf Coastal Plain. Thus, it encompasses nearly half of the area of the

conterminous United States. Figure 2. Index map showing geologic provinces and subprovinces

in the conterminous United States. Heavy red lines show boundaries
Canadian Shield . between major provinces; medium-weight blue lines show boundaries of
subprovinces. Pink lines show smaller subdivisions, and in some places

Precambrian rocks shown on the map in Minnesota and Wisconsin are part of the southern dashed pink lines show minor subdivisions. Lines are dashed where
margin of the Canadian Shield, the vast area in which the Precambrian rocks that form the boundaries are concealed by younger deposits. Pink stipple shows early
North American craton are exposed at the surface. These rocks are widely exposed in central . and mid-Tertiary volcanic provinces; blue stipple shows late Tertiary and
Canada, but in the United States they are poorly exposed beneath the extensive cover of Quaternary volcanic provinces and subprovinces. Small subdivisions
Quaternary glacial deposits (not shown on this map). The Archean gneiss (unit An) and and geologic features mentioned in the text are identified by circled
granite (unit Ag) mapped in northwestern Minnesota are among the oldest rocks of the letters and numbers. Note that the numbers and letters apply only within
shield; some are as old as 3.6 billion years. The gneiss represents highly metamorphosed + aparticular province or subprovince and may be repeated in other
volcanic and sedimentary rocks that accumulated in or near volcanic arcs during the early stages . subprovinces to identify different features.
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of formation of the craton. The granite intruded the sedimentary and volcanic rocks
during their deposition or eruption or shortly thereafter.

The Early Proterozoic volcanic and granitic rocks (units Xv and Xg) shown in
Wisconsin are part of a belt of island arcs added to the southern edge of the craton
about 2.5 billion years ago. The Early Proterozoic sedimentary rocks (unit X) in
northern Wisconsin and south-central Minnesota represent materials eroded from
this newly added arc and deposited on top of the Archean rocks.

Finally, the Middle Proterozoic volcanic and sedimentary rocks (units Yv and
Y) in southern Minnesota and northern and western Wisconsin fill a fault-bounded
trough, the Midcontinent Rift, that formed about 1,000 million (1 billion) years
ago. The rift lies beneath Paleozoic sedimentary rocks in southern Minnesota but
can be traced southward beneath the covering rocks in drillholes and by gravity
and magnetic anomalies all the way to central Kansas.

Interior Lowlands

South of the Canadian Shield the Precambrian basement rocks of the craton
are largely mantled by a blanket of flat-lying sedimentary rocks that is generally a
few hundred to thousands of feet thick. In the eastern and central parts of the low-
lands the exposed sedimentary rocks are largely of Paleozoic age; in the western
part of the lowlands the exposed rocks are chiefly Mesozoic and Tertiary. Most of
the strata in the eastern part of the lowlands are limestone, shale, and sandstone
formed from sediments deposited in shallow seas that periodically washed over the
craton during the Paleozoic. However, some are shale, sandstone, and conglomerate
composed of materials shed from the exposed parts of the craton or from the bordering
Appalachian highlands. The broad areas of Cretaceous rocks in the western parts
of the lowlands are mostly shale, siltstone, limestone, and sandstone formed from
sediments deposited in a shallow seaway that extended across the craton from the
present position of the Gulf of Mexico to the Arctic Ocean at that time. The Tertiary
rocks along the western margin of the central lowlands are chiefly conglomerate,
sandstone, and siltstone intermixed with volcanic ash deposited on land in basins
and as thin veneers on the Cretaceous rocks during the rise of the Rocky Mountains.

The continuity of the sedimentary blanket is broken by a number of subcir-
cular domes in which older rocks are exposed at the surface and subcircular to
elongate basins in which younger strata are preserved. Commonly, sedimentary
layers surrounding these features thin toward the uplifts and thicken toward the
basins, this pattern suggesting that these features formed over long periods. Some
of the principal features of the central interior lowlands are described below:

The Adirondack Uplift is a dome that exposes Middle Proterozoic metamor-
phosed sedimentary rocks (unit Y), gneiss (unit Yn), and plutonic rocks, including
granite (unit Yg) and anorthosite (unit Ya) in its core. The dome is surrounded by
lower Paleozoic rocks (unit IPz) that dip gently away from it in all directions.

The Cincinnati Arch and Nashville Dome are broad, elongate uplifts in
which lower Paleozoic rocks (unit IPz) are exposed in the cores and middle
Paleozoic rocks form the flanks (unit mPz).

The Ozark Uplift is a broad, gentle dome in which lower Paleozoic rocks
(unit IPz) are extensively exposed in the center and middle Paleozoic rocks
(unit mPz) form the flanks. Basement rocks, chiefly Middle Proterozoic granite
(unit Yg) and rhyolite (unit Yv) are exposed locally beneath the lower Paleozoic
strata in the core.

The Llano Uplift, a dome in central Texas, exposes a core of Middle Pro-
terozoic rocks (units Yg, Yn) similar to those in the Adirondack Uplift surrounded
by lower Paleozoic strata (unit IPz) and around its western, southern, and eastern
margins by Cretaceous strata (unit K).

The Black Hills Uplift is a gentle, slightly elongate dome with a core composed
largely of Early Proterozoic gneiss (unit Xn) and surrounded by middle Paleozoic (unit
mP), lower Mesozoic (unit IMz), and Cretaceous strata (unit K).

The Marathon Uplift in western Texas exposes folded and faulted lower
Paleogene rocks (unit IPz) like those in the Ouachita Mountains (see below) and less
deformed upper Paleogene rocks (unit uPz) that are tilted northward beneath Creta-
ceous strata (unit K) surrounding the uplift and that are themselves warped into a
broad dome.

The Appalachian Basin is an elongate basin extending along the southeast-
ern margin of the interior lowlands, adjacent to the main part of the Appalachian
mountain system. Basement rocks along the trough of the basin are as much as
16,000 feet below sea level, and the basin is filled with middle and upper Paleo-
zoic sedimentary rocks (units mPz, uPz), most of them representing materials
eroded from the rising Appalachian highlands to the southeast. The upper Paleo-
zoic rocks in the trough of the basin are chiefly sandstone, shale, and conglomer-
ate, but they include many thick and continuous coal beds that constitute more
than half of the bituminous coal reserves of the United States.

The Michigan Basin is a saucer-shaped depression in which the basement
rocks are as much as 16,000 feet below sea level. Drilling shows that the lower
and middle Paleozoic strata (units IPz, mPz), which are only about 300 feet thick in
adjoining areas, thicken to thousands of feet in the center of the basin, which indi-
cates that the basin was subsiding as these rocks were being deposited. The center
of the basin is occupied by lower Mesozoic (Jurassic ) rocks (unit IMz), the only
occurrence of rocks of this age in the eastern part of the interior lowlands.

The Illinois Basin is a shallow, elliptical basin filled with upper Paleozoic
rocks (unit uPz) beneath which basement rocks are downwarped to depths of
more than 10,000 feet.

The Williston Basin and the Powder River Basin are irregular downwarps
beneath which basement rocks are depressed to about 13,000 feet below sea
level. At depth these basins contain somewhat thickened sections of Paleozoic
and lower Mesozoic strata, but near the surface the basins are defined by down-
warped Upper Cretaceous (unit K) and Paleogene (unit pgT) rocks. The Paleo-



gene rocks are chiefly shale, sandstone, and conglomerate derived from the rising
Rocky Mountains to the west. In the Powder River Basin they contain thick beds
of low-sulfur subbituminous and bituminous coal.

The Denver Basin lies at the western edge of the interior lowlands, imme-
diately adjacent to the eastern front of the Rocky Mountains. The deepest part of
the basin is near its western edge, where basement rocks are as much as 7,000
feet below sea level (the elevation of the land surface there is about 5,000 feet
above sea level). Sedimentary beds along the western flank of the basin slope
steeply toward the basin or stand vertically, in contrast to their gentle slopes
into the basin on the eastern, northern, and southern flanks. The basin is largely
filled with Upper Cretaceous rocks (unit K), which reach a thickness of more than
5,000 feet. Upper Paleozoic and lower Mesozoic rocks beneath them are only
slightly thicker than they are on the outer flanks of the basin. The youngest strata
in the basin are Paleogene sedimentary and volcanic rocks that were deposited
during initial uplift of the neighboring Laramide Rocky Mountains.

The Ogallala Apron is a broad, flat expanse of gravel, sand, and silt depos-
ited by streams flowing eastward from the southern Rocky Mountains during
rapid regional uplift during the Neogene. These stream-laid deposits (unit nT)
make up the Ogallala Formation, one of the most important aquifers in the West-
ern United States, which supplies ground water used for extensive irrigation in
the High Plains of western Texas, Oklahoma, Colorado, Kansas, and Nebraska.
The Ogallala originally formed a continuous, east-sloping apron that extended
from the mountains at least 400 miles to the east. Downcutting by streams has
dissected the apron so that the underlying Cretaceous and older rocks are exposed
along major river valleys. Along much of the mountain front the Ogallala Apron
is separated from its mountain sources by erosion along the Pecos, Canadian,
Arkansas, and South Platte Rivers and their tributaries.

B Appalachian and Ouachita Mountain Systems

The Appalachian mountain system includes the sinuous upland belt that
extends for 1,800 miles from northern Alabama northeastward through Maine
and the Maritime Provinces of Canada to Newfoundland. It is flanked on the
northwest by the Central Interior Region, and on the southeast by gently dipping
Mesozoic and Cenozoic strata of the Atlantic Coastal Plain. The Appalachian
system is the product of complex plate tectonic interactions between North
America and oceanic and continental plates that lay to the southeast and south
during the Late Proterozoic and the Paleozoic. The system consists of two major
belts sometimes referred to as the “sedimentary Appalachians,” so called because
they consist chiefly of folded and faulted, but little-metamorphosed, sedimentary
rocks, and the “crystalline Appalachians,” which consist chiefly of metamorphic
and plutonic rocks.

Amidst the Paleozoic rocks of the Appalachians are several fault-
bounded basins filled with unmetamorphosed lower Mesozoic red sandstone
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and shale (unit IMz) interleaved with sheets of mafic intrusive rock (unit
IMzm). These basins form a discontinuous series that extends from North
Carolina to central Massachusetts, and similar basins are found in Nova
Scotia. The basins formed during the initial stages of opening of the present
Atlantic Ocean as North America separated from Europe and Africa after
formation of the Appalachian mountain system. Less well understood are
the Mesozoic granite plutons (unit Mzg) in the White Mountains of central
New England, which may have formed as a result of movement of the North
American plate over a stationary plume of hot material rising from deep in
the Earth’s mantle.

The Ouachita mountain system is exposed only in a few scattered areas in
Arkansas, Oklahoma, and Texas. The rest of the system, which forms the southern
border of the North American craton, lies buried beneath younger deposits.

Sedimentary Appalachians

Nonmetamorphosed sedimentary rocks form the northwestern part of
the Appalachian mountain system adjacent to the craton. Their boundary
with the cratonic cover rocks is at the transition between broad open folds
in the cratonic cover to the northwest and the sharply folded and faulted
rocks to the south and east. The rocks of the sedimentary Appalachians (units IPz,
mg) are chiefly limestone, shale, and sandstone formed from sediments that were
deposited during the same interval of time as the sedimentary cover of the eastern
parts of the interior lowlands. Many sediments were deposited in seaward-
thickening wedges along the edge of the craton, but others accumulated in deep
basins that formed during uplift of the mountain system. All of the strata have
been folded, and in parts of the belt thick sheets of sedimentary rocks have been
displaced many miles northwestward onto the craton along thrust faults. The
sedimentary Appalachians can be divided into two principal segments, the Valley
and Ridge Province and the Taconic Province.

The Valley and Ridge Province is the segment between northeast-
ern Alabama and northeastern Pennsylvania. It is characterized by long,
northeast-trending ridges (fig. 3) formed by the upturned edges of resistant
sedimentary layers (commonly sandstone) and intervening valleys cut in
softer strata (commonly limestone and shale). In the southwestern part of this
segment thrust faults are very conspicuous, and some can be traced along the
trend of the belt for hundreds of miles. The slices of rocks above and between
these faults have been transported tens of miles or more toward the craton. In
the northeastern part the rocks are folded into linear anticlines and synclines,
but thrust faults have not been recognized at the surface, although major
thrusts may be hidden at depth. Most, and perhaps all, of the deformation in
the Valley and Ridge took place during the late Paleozoic.

The Taconic Province is the narrow segment of the sedimentary Appa-
lachians that extends from northeastern Pennsylvania through eastern New
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York and western Vermont to the Canadian border. The rocks are chiefly lower Paleozoic
strata (unit IPz), mostly sandstone, limestone, dolomite, and shale that have been folded and
locally carried westward in thin thrust sheets, some of which include Late Proterozoic rocks
(units Z, ZPz). In contrast to the Valley and Ridge Province, where most of the folding and
faulting took place near the end of the Paleozoic, most of the thrusting and folding in the
Taconic Province took place late in the early Paleozoic during the Ordovician.

Crystalline Appalachians

Like the sedimentary Appalachians, the crystalline Appalachians can be divided into
two principal segments, a southern segment that extends from northeastern Alabama to eastern
Pennsylvania, and a northern segment that includes most of New England.

The southern crystalline Appalachians comprise the broad belt of metamorphic and
plutonic rocks that underlie the Blue Ridge and Piedmont Plateau and pass beneath the
younger sedimentary rocks of the Atlantic Coastal Plain on the southeast and east. The
northwestern part of the belt chiefly includes metamorphosed Late Proterozoic sedimentary
and volcanic rocks (units Z and Zv) that overlie Middle Proterozoic gneiss (unit Yn) similar
to those exposed in the Adirondacks. In the southwestern part of the belt both the gneiss and
the overlying Late Proterozoic rocks have been carried northwestward on thrust faults across
the Paleozoic sedimentary rocks of the Valley and Ridge Province. Farther southeast, broad
expanses of metamorphosed sedimentary and volcanic rocks of Late Proterozoic or early
Paleozoic age (units ZPz, ZPzv, IPz, IPzv) represent sedimentary and volcanic materials that
accumulated along the margin of the continent or in and between chains of volcanic islands
and were added to North America during plate collisions. Some of the gneiss (unit Yn) in the
southeastern part of the belt may at one time have been parts of Africa.

All these rocks occur in slices along major thrust faults that formed during the docking
of the various tectonic plates and plate fragments with the continent. At least three principal
collisional episodes have been distinguished, each accompanied by intrusion of plutonic
rocks, metamorphism, and formation of faults and folds. These include the Taconic epi-
sode near the end of the early Paleozoic (accompanied by plutons mapped as unit IPzg), the
Acadian episode in the early part of the middle Paleozoic (accompanied by a few plutons
mapped as units mPzg and mPzm), and the Alleghenian episode in the late Paleozoic (accom-
panied by plutons mapped as unit uPzg). The Alleghenian event was the result of the colli-
sion of northwestern Africa with North America, and it was during this event that the thrust
faults in the Valley and Ridge Province formed.

The New England crystalline Appalachians extend from the valley of the Hudson
River and Lake Champlain eastward to the coast. Thus, they encompass most of the New
England States. Like the southern crystalline Appalachians, they comprise metamorphosed
and strongly folded sedimentary and volcanic rocks intruded by a variety of plutonic rocks
of several ages. Along the western edge of the province Middle Proterozoic gneiss (unit Yn)
like that in the Adirondack Dome are exposed in a discontinuous series of elongate domes
that extends from the Hudson River northward to central Vermont. These basement rocks
are overlain by sedimentary and volcanic rocks of Late Proterozoic and early Paleozoic age
(Z, IPz), some of which have been carried westward on thrust faults so that they now overlie

Figure 3. Appalachian Valley and Ridge Province near Harrisburg,
Pennsylvania. View is toward the northwest from above Harrisburg. The
West Fork of the Susquehanna River drains south from the Allegheny
Plateau (AP) through Lockport (LP) and joins the main stem of the
Susquehanna at Duncannon (D).

The linear ridges and valleys between Harrisburg (H) and Lockport
(LP) are the eroded edges of folded layers of sedimentary rocks. The
ridges are composed of sandstone and conglomerate that are very
resistant to erosion, and the valleys are underlain by more easily
eroded shale and limestone. The ridges are largely forested and
appear dark brown in the photograph, which was taken in the winter.
The valleys are largely farmlands that appear lighter in color and
show a checkerboard pattern of cultivated fields. The ridges to the left
(southwest) of the Susquehanna River are chiefly Tuscarora Sandstone
of Silurian age in anticlines; those to the right (northeast) of the river
are formed of Pocono Sandstone of Mississippian age in canoe-
shaped synclines. The folds were formed during the Alleghenian
episode of mountain building about 300 million years ago, when the
sedimentary layers were skidded northwestward and crumpled like a
rug being pushed across a smooth floor.

The Allegheny Plateau is underlain by less folded Pennsylvanian
sedimentary rocks of the Appalachian Basin. South Mountain (SM) is
the northern end of the Blue Ridge, part of the crystalline Appalachians.

Image courtesy of the Image Science & Analysis Laboratory, NASA
Johnson Space Center (photograph STS059-205-67; available from http://
eol.jsc.nasa.gov). Direction of view is northwest; altitude 114 nautical
miles. Distance from Harrisburg to Lockport is about 70 miles.
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unmetamorphosed lower Paleozoic strata. This belt of Middle Proterozoic gneiss and its
cover rocks were apparently part of North America at the beginning of the Paleozoic; most
of the rocks to the east originated in or between tectonic plates or plate fragments that were
added to the continent during the Paleozoic.

The same episodes of plate collision accompanied by metamorphism and intrusion of
plutonic rocks that affected the southern crystalline Appalachians are recognized in the New
England crystalline Appalachians. During the Taconic episode (near the end of the early
Paleozoic) fragments of tectonic plates that included the lower Paleozoic rocks (unit IPz) in
New Hampshire and southwestern Maine were added to the margin of the continent. Granite
plutons (unit IPzg) were emplaced, and the rocks were folded, faulted, and metamorphosed.
Following the Taconic episode, the earlier folds and faults were truncated by erosion and a thick
and widespread blanket of middle Paleozoic sandstone, conglomerate, shale, and limestone
(unit mPz) accumulated across the older rocks. These strata have no counterparts in the southern
crystalline Appalachians. The middle Paleozoic Acadian episode was apparently related to
docking of plate fragments that now make up much of southeastern Maine, eastern New
Hampshire, and central Massachusetts. It also resulted in widespread folding and metamorphism
of the middle Paleozoic cover rocks (unit mPz) to the northwest and in the emplacement of
widespread plutonic rocks (units mPzg and mPzm) in New Hampshire and central Maine. The
Alleghenian episode (near the end of the Paleozoic) included the accretion of plate fragments
that now occupy extreme eastern Maine (units mPzv and mPzm) and southeastern Massachu-
setts (units Zg, uPz) to the edge of the continent and the intrusion of granite plutons (unit uPzg).

Ouachita Mountain System

The Ouachita mountain system is a belt of sedimentary rocks deformed during the late
Paleozoic. This belt (fig. 4) is similar to the Valley and Ridge Province of the Appalachians.
The Ouachita system extends westward from the southern end of the Appalachian system in
central Alabama through Mississippi and Arkansas, into western Texas. Although the system
is almost 1,300 miles long, it is exposed only in the Ouachita Mountains of western Arkansas
and eastern Oklahoma and in the Marathon Uplift in southwestern Texas. The remaining 90
percent of the system is buried beneath younger deposits and is known only from deep drill-
ing and from geophysical studies. Like the Valley and Ridge Province, the Ouachita system
consists of Paleozoic rocks that have been folded and carried toward the continental interior
in thrust sheets, overriding the Paleozoic sedimentary rocks, chiefly sandstone, shale, and
limestone that blanket the southern part of the craton. In contrast to the sedimentary rocks of
the cratonic cover, which were mostly deposited in shallow seas, the rocks carried northward
in the thrust sheets are chiefly shale, siltstone, sandstone, chert, and novaculite deposited in
much deeper water along the edge of the continent. Most of the deep-water sedimentary rocks
are of essentially the same age as the shallow-water cratonic cover rocks to the north and thus
are also shown on the map as units I[Pz and mPz. The upper Paleozoic rocks (unit uPz) consist
of sandstone, shale, and some conglomerate deposited during various phases of movement of
the thrust sheets during the Mississippian, Pennsylvanian, and Early Permian. Some of these
rocks were carried northward in the thrust sheets, and some accumulated in basins along the
edge of the craton north of the main belt of thrusting and folding.

Figure 4. Quachita Mountains, Arkansas and Oklahoma. View is
southeast from near Fort Smith, Ark. (FS) toward Broken Bow Reservoir
(BB) in Oklahoma. River in the upper right corner is the Red River (RR)
that marks the boundary between Texas and Oklahoma.

The linear ridges and valleys of the Quachita Mountains (foreground),
like those of the Appalachian Valley and Ridge Province, represent the
edges of folded and faulted sedimentary rocks that have been etched
by erosion so the more resistant layers of sandstone and conglomerate
stand as ridges, while less resistant layers of shale and limestone form
valleys. The layers were folded and faulted during an episode of mountain
building about the same time as the folds in the Appalachian Valley and
Ridge Province were formed. At that time thick sheets of sedimentary
rocks were thrust northward (toward the observer) onto flat-lying and
little-deformed rocks of the continental interior. The different pattern of
cultivation south of Broken Bow Reservoir marks the northern edge of
Cretaceous and younger strata of the Gulf Coastal Plain.

Image courtesy of the Image Science & Analysis Laboratory, NASA
Johnson Space Center (photograph STS058-091-059; available from
http://eol.jsc.nasa.gov). Direction of view is south-southeast; altitude
154 nautical miles. Distance from Fort Smith to Broken Bow Reservoir is
about 130 miles.
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M Coastal Plain Province

The southern and southeastern margins of the conterminous United States are cov-
ered by wide coastal plains composed of sediments that were deposited along the passive
edges of the continent as North America separated from Africa to form the present Atlan-
tic Ocean and from northern South America to form the Gulf of Mexico. For descriptive
purposes it is convenient to divide the province into three segments: the Atlantic Coastal
Plain, the Florida Peninsula, and the Gulf Coastal Plain.

Atlantic Coastal Plain

The Atlantic Coastal Plain extends from Long Island, N.Y., southward to northern
Florida, widening from a few miles in northern New Jersey to more than 100 miles
in South Carolina and Georgia. It is underlain by a seaward-thickening wedge of Cretaceous,
Tertiary, and Quaternary sediments that overlie metamorphic and igneous rocks of the crys-
talline Appalachians. The wedge thickens southeastward from its inner edge to more than
6,500 feet along the coast and extends southeastward beneath the continental shelf, where it
locally reaches a maximum thickness of 33,000 feet. The continental separation that led to
the accumulation of the coastal plain sediments began during the early Mesozoic, as indi-
cated by the fault-bounded basins filled with Triassic and Jurassic sedimentary and igneous
rocks in the crystalline Appalachians. The oldest rocks exposed on the Atlantic Coastal Plain
are Cretaceous, although drilling and geophysical studies show that lower Mesozoic rocks
are present at depth along the coast and beneath the continental shelf. Most of the exposed
Cretaceous (unit K) and Tertiary (units pgT and nT) sedimentary rocks were formed from
sand, silt, and clay deposited in shallow waters on the continental shelf or near deltas where
rivers emptied into the sea. Some of these rocks were formed from sand, gravel, and clay
deposited on land during low stands of sea level. The Quaternary deposits include river-
deposited sand and gravel, and sand deposited on beaches and in sand dunes, as well as
organic materials laid down in coastal swamps. On Long Island, the Quaternary deposits are
chiefly till in glacial moraines, and in New Jersey they include sand and gravel carried by
rivers flowing off the melting glacial ice.

Florida Peninsula

The Florida Peninsula (fig. 5) is underlain by nearly flat-lying sedimentary rocks
of Cretaceous and Tertiary age that locally attain a thickness of more than 20,000 feet.
Unlike the rocks of the Atlantic Coastal Plain, which overlie metamorphic and igneous
rocks of the crystalline Appalachians, those in Florida overlie little-metamorphosed
Paleozoic sedimentary rocks and Precambrian igneous and metamorphic rocks that may
represent a part of Africa that remained attached to North America during the opening
of the modern Atlantic Ocean. The oldest rocks exposed in the peninsula are chiefly
limestone, evaporite, shale, and sandstone of early Tertiary age (unit pgT). These rocks
are largely mantled by upper Tertiary rocks (unit nT), chiefly sandstone, shale, and

Figure 5. South Florida and the Everglades. View southeast from over
west coast north of Fort Myers (FM) toward Palm Beach (PB) and Miami
(M). The Florida Peninsula is underlain by thousands of feet of flat-lying
sedimentary rocks, chiefly limestone, deposited during Cretaceous,
Tertiary, and Quaternary time. The present landscape of southern Florida
is the result of variations in sea level during the Pleistocene Ice Ages. As
glaciers grew, water was withdrawn from the oceans and sea level fell,
at times by several hundred feet. During interglacial intervals, glaciers
melted and water returned to the oceans, raising sea level and flooding
southern Florida. During the low stands of sea level, limestone was
dissolved and eroded to form caves and sinkholes; during high stands,
limestone was deposited and beaches and dunes were created. As the
most recentice age ended, about 12,000 years ago, sea level began to
rise and continues to rise today. The rising sea level impeded drainage of
fresh water and led to the accumulation of thick layers of peat beginning
about 5,000 years ago. These peat deposits form the Everglades (EG) and
the Big Cyprus (BC) Swamp. Lake Okeechobee (LO) occupies a solution
depression in the limestone. Natural drainage is southward from central
Florida through Lake Okeechobee into the Everglades. Construction of
levees, dikes, and drainage canals has disrupted the natural drainage

in the region with drastic effects on the ecosystems. Diagonal streak in
lower part of the photograph is an airplane contrail; plumes of smoke
from burning vegetation are visible in the right part of the picture.

Image courtesy of the Image Science & Analysis Laboratory, NASA
Johnson Space Center; (photograph STS51C-143-0032; available from
http://eol.jsc.nasa.gov). Direction of view is southeast; altitude not given.
Distance from Fort Myers to Palm Beach is about 115 miles.
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limestone formed from sediments deposited in shallow seas on the continental shelf,
and by Quaternary deposits (unit Q), chiefly sand deposited along beaches and in sand
dunes, and by mud deposited in coastal swamps.

Gulf Coastal Plain

The Gulf Coastal Plain extends from the panhandle of Florida westward into
southern Texas and then southward into central Mexico. It ranges in width from about
200 miles in Alabama and Mississippi to as much as 300 miles in Texas, but a major
northward projection of the coastal plain, the Mississippi Embayment, extends nearly
500 miles northward up the Mississippi River to its junction with the Ohio. Like the
Atlantic Coastal Plain, the Gulf Coastal Plain consists of a seaward-thickening wedge
of Mesozoic, Tertiary, and Quaternary rocks formed from sediments that were deposited
along the subsiding margin of the continent as North America separated from adjacent
tectonic plates during the early Mesozoic.

The oldest rocks exposed at the surface in the Gulf Coastal Plain are Cretaceous.
In Texas these rocks are chiefly limestone, shale, and sandstone of Early Cretaceous
age, older than any known on the Atlantic Coastal Plain. East of the Mississippi, the
Cretaceous rocks are all Upper Cretaceous, like those of the Atlantic Coastal Plain, but
they include chalk and limestone. Most of the Cretaceous sediments were deposited on
shallow continental shelves, along beaches, or in deltas where rivers entered the sea.

The exposed Tertiary rocks (units pgT, nT) are chiefly shale, sandstone, and lime-
stone that originated as sediments deposited in shallow seas, in river deltas, and on land
in coastal plains. The Quaternary rocks include beach, coastal swamp, and dune deposits,
in addition to sand, silt, and clay deposited in river deltas.

In addition to its greater geographic extent and in the much greater proportion
of limestone and chalk in the Cretaceous and Tertiary strata, the Gulf Coastal Plain
differs from the Atlantic Coastal Plain in two other important aspects. First, the older
Mesozoic strata, which are not exposed but which underlie much of the southern part
of the coastal plain, contain a thick layer of salt, which flows readily under pressure
when deeply buried by younger sediments. Second, the Mississippi River system, which
drains much of the central part of the continent, has delivered vast amounts of soft mud,
clay, and sand to the Mississippi delta and to the Gulf of Mexico during the Tertiary and
Quaternary. These deposits reach a thickness of as much as 8,000 feet on the delta at the
river mouth (fig. 6) and as much as 16,000 feet beneath the floor of the Gulf. As the salt
flows under the weight of these deposits, some of it moves upward in pipelike bodies
called salt domes, some of which penetrate all the way to the land surface or to the sea
floor. The upwarped strata along the margins of these domes form traps for petroleum
and natural gas, and the domes that approach the surface are commonly mined for salt.
Flowage of the salt plus downslope movement of the soft Tertiary and Quaternary sedi-
ments toward the deep Gulf of Mexico Basin has produced a complex series of faults in
the coastal plain deposits, some of which are still moving. Some of these growth faults
are shown on the map.

Figure 6. The Mississippi Delta and New Orleans, Louisiana. View
northwest from over the mouth of the Mississippi River toward New
Orleans (NO). The Mississippi River drains more than one-third of

the conterminous United States. Each year it carries about 125 cubic
miles of water to the Gulf of Mexico. More than two-thirds of this flow
enters the Gulf down the main channel below New Orleans, shown in
this photograph. The remainder of the flow enters the Gulf through the
Atchafalaya, a branch of the Mississippi that enters the Gulf about 115
miles to the west. The river carries more than 180 million tons of silt,
clay, and sand into the Gulf each year, exclusive of the material rolled
along the bottom or carried in solution. The sediments are as much as
8,000 feet thick near the river mouth and as much as 16,000 feet farther
south beneath the Gulf of Mexico. Slumping and slow creep of the soft
sediments causes the widespread faults shown on the geologic map and
continuing subsidence of the delta.

The distinct color change in the lower delta reflects the difference
between vegetation growing in freshwater swamps near the river mouth
and that growing in salt marshes farther inland, where the supply of
freshwater has been cut off as the delta advances. The Chandeleur
Islands (Cl) are barrier islands built by reworking of the delta sediments
by waves and currents.

This photograph was taken in January 1985, long before the
devastation caused by hurricane Katrina.

Image courtesy of the Image Science & Analysis Laboratory, NASA
Johnson Space Center; (photograph STS51C-143-0027; available from
http://eol.jsc.nasa.gov). Direction of view is northwest; altitude not given.
Distance from tip of the delta to New Orleans about 80 miles.
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M Cordilleran Mountain System

The mountain ranges, basins, and plateaus that lie between the Central Interior
Region and the Pacific Coast are part of the Cordilleran mountain system, a belt of
highlands that extends for almost 4,000 miles along the western margin of North America
from Alaska through parts of Canada, the conterminous United States, Mexico, and Cen-
tral America. The widest part of the Cordilleran mountain system is in the western con-
terminous United States, where it reaches a width of about 1,000 miles between Denver
and San Francisco. Just as the Appalachian and Ouachita mountain systems are products
of plate interactions along the eastern and southern margins of the North American craton
largely during the Paleozoic, the Cordilleran mountain system resulted from plate interac-
tions along the western margin of the craton largely (but not entirely) during the Mesozoic
and Cenozoic. Sizable parts of the mountain belt consist of material from oceanic plates
that was shoved against, beneath, or onto the western edge of North America as oceanic
plates to the west were subducted beneath or slid past the western continental margin.
As a result of these processes an area of almost 400,000 square miles (almost one and
one-half times the size of Texas) was added to the western edge of the continent in the
conterminous United States alone.

For purposes of description, the Cordilleran mountain system is divided into a
number of subregions, each characterized by a different geologic history, but many of the
boundaries between these subregions are gradational and the lines drawn between them
are somewhat arbitrary.

Laramide Rocky Mountains

The Laramide Rocky Mountains are a series of asymmetric mountain ranges cored
(fig. 7) by Precambrian basement rocks and their cover of Paleozoic and Mesozoic sedi-
mentary rocks that were originally part of the craton. These ranges are generally bounded
by sharp flexures in the sedimentary cover or by moderately to steeply inclined faults that
slope beneath the uplifted block. The ranges are separated by basins filled with debris
shed during and after the uplift, which took place during a relatively short interval in lat-
est Cretaceous and earliest Tertiary time. This episode of uplift is called the Laramide
orogeny. It takes its name from the Laramie Formation, a deposit of sandstone and shale
shed from the uplifts into neighboring basins in Colorado and Wyoming. For descrip-
tive purposes the Laramide Rocky Mountains are divided into two parts, the northern
Laramide Rocky Mountains in Montana, Wyoming, and northernmost Utah, and the
southern Laramide Rocky Mountains in Colorado and New Mexico.

The principal features of the northern Laramide Rocky Mountains are the elongate
fault-bounded basement uplifts and the intermontaine basins. The uplifts are indicated by
circled numbers on the index map (fig. 2), the basins by circled letters.

The uplifts include the northwest-trending Bighorn Uplift (1) and other uplifts in
southwestern Montana, the Beartooth (2), and Wind River (3) uplifts in northwestern
Wyoming, the northwest-trending Laramie Uplift (4) in south-central Wyoming, and the
east-west-trending Uinta Uplift (5) in Utah. The basement rocks in all of these except the

Figure 7. The Laramide Rocky Mountains. View northwest from over
Pueblo, Colorado. Most of the ranges in this view represent the cores of
uplifts that rose between 70 and 45 million years ago during the Laramide
period of mountain building. Erosion during and after the uplift stripped
away the softer sedimentary rocks, exposing the harder sedimentary
strata and Precambrian basement rocks that form the present mountain
ranges. At the same time the surrounding basins were filled with the
materials eroded from the uplifts. The basement rocks beneath the
basins lie t