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Geologic History

Rocks of every geologic period crop out in Oklahoma.
Although most of these rocks are of sedimentary origin,
consolidated from sediments deposited during the Paleo-
zoic Era, the oldest are Precambrian granites and rhyo-
lites formed 1.05 to 1.35 billion years ago. Much later, during
the early and middle parts of the Cambrian Period, a differ-
ent group of granites, rhyolites, gabbros, and basalts formed
in southwestern and south-central Oklahoma. Heat and
fluids given off by the Cambrian magmas changed an older
group of sedimentary rocks into metamorphic rocks. Pre-
cambrian and Cambrian igneous and metamorphic rocks
underlie all of the State and are the floor or “basement”
upon which all younger rocks rest.

At many times in the past, forces within the earth
caused portions of Oklahoma and surrounding states to
alternately sink below and rise above sea level. When the
region sank, large areas were covered by shallow seas, and
thick layers of marine mud, sand, and calcareous skeletal
debris were deposited. Other sands and muds were laid down
at the same time, as alluvial and deltaic deposits near the
ancient seas. After burial beneath later sediments, the muds,
sands, and calcareous layers were changed to shale, sand-
stone, and limestone by compaction and cementing together
of the granular material. When certain areas were later
raised out of the seas, earlier deposited sediments and rocks
were exposed and eroded, just as they are being eroded
today. Uplift was accomplished either by gentle arching of
broad areas or by the formation of mountains where rocks
were intensely folded and faulted and thrust upward.

The three principal mountain belts of Oklahoma—
the Ouachitas, Arbuckles, and Wichitas—occur in the
southern third of the State and were formed by folding,
faulting, and uplift during the Pennsylvanian Period.
North of the mountain uplifts are two deep basins (Ana-
darko and Arkoma), and north of these basins are the
relatively undisturbed shelf areas of northern Oklahoma.

Shallow seas covered all of Oklahoma during various
parts of the Cambrian, Ordovician, Silurian, and Devo-
nian Periods. Thick limestones and dolomites are the most
common rocks of these periods, although several forma-
tions of sandstone and shale also occur. Fossils are
common in many of the limestones, with brachiopods,
trilobites, corals, and crinoids being most numerous. In
seas of the present Ouachita Mountain area, however,
shale, sandstone, and chert were the principal deposits.

During the Mississippian and Pennsylvanian Periods,
the sedimentary basins of Oklahoma sank much deeper
and more rapidly than before. Thick sequences of shale
with interbedded sandstone and limestone were formed

in these basins and also in a deep basin that existed
in the area of the present Quachita Mountains. Plants
growing in swamps near the edge of Pennsylvanian seas
were buried and have since decomposed to form coal.

The greatest period of mountain building in Okla-
homa was in Pennsylvanian time. Flat-lying sedimentary
rock layersinthe southern half of the State were sharply
folded, tilted, and faulted; earlier formed igneous rock
masses were pushed upward; and the three mountain chains
(Ouachita, Arbuckle, and Wichita) were thrust high above
surrounding seas. Gravel and boulders eroded from the rising
mountains were deposited to form conglomerates at the foot
of the mountains and in the nearby seas.

Following the period of mountain building, a shallow
Permian sea covered western Oklahoma. The mountains
were largely worn down, and sand and mud eroded from
land in the eastern half of the State were carried in rivers
to the sea. The red color of these Permian sandstones and
shales comes from red iron oxide compounds deposited with
the sand and mud. The climate was warm and dry, and
thick layers of gypsum and salt were deposited from evap-
orating sea water.

Nonmarine shales and sandstones characterize the
Triassic, Jurassic, and Cretaceous sedimentary rocks of
Oklahoma. Shallow seas covered southern and western
Oklahoma during some of the Cretaceous Period, and
marine deposits resulted in limestone and shale.

Since the broad gentle raising of Oklahoma and
surrounding areas above sea level at the beginning of the
Tertiary Period, no part of the State has been covered
by sea water. Oklahoma’s land surface sloped down to
the east and southeast, and extensive deposits of Tertiary
sand and gravel were washed in by large rivers flowing
from the newly formed Rocky Mountains.

The Quaternary Period, up through the present, is
characterized as a time of erosion. Rocks and loose
sediment at the surface are being weathered to soil, and
the soil particles are then carried away to streams and
rivers. In this way hills and mountain areas are being
worn down, and sediment is carried to the sea or is tem-
porarily deposited on the banks and in the bottoms of
rivers and lakes.

Present-day topography and landforms are largely
controlled by the kinds of rocks at the surface. Resistant
rocks, such as granite, sandstone, and limestone, generally
form high ridges, hills, and mountain peaks, whereas
nearby outcrops of shale and other easily eroded rocks
form valleys and lowland areas.
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Geologic Time Scale Compared to a Calendar Year

BEGINNING

COMPARATIVE DATE1

GEOLOGIC (MILLION
GEOLOGIC ERA PERIOD YEARS AGO) DAY HR MIN
Cenozoic Quaternary 1 December 31 22 03
(“Recent life”) Tertiary 70 December 26 7 44
— Cretaceous 135 December 21 1 12
(“Mid‘dle life”) Jurassic 180 December 17 9 36
Triassic 220 December 14 3 44
Permian 270 December 10 2 24
Pennsylvanian 320 December 6 1 04
. Mississippian 350 December 3 14 40
I?‘aleo%mg - Devonian 400 November 29 13 20
(“Ancient life”) Silurian 430 November 27 2 56
Ordovician 490 November 22 4 37
Cambrian 600 November 13 16 00
Precambrian 4,500 January 1 0 00

1Determined by A. J. Myers.
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Glossary of Selected Geologic Terms

Alluvium—flat-surfaced deposits of sand, silt, clay, and gravel
in stream beds and on flood plains of present-day rivers
and streams. .

Aquifer—a permeable rock or deposit that is water bearing.

Asphalt—a solid or semisolid oil residue remaining in rocks
after escape of the gaseous and more liquid components.

Basalt—a dark-colored fine-grained igneous rock (lava) formed
from magma that flowed onto the surface of the earth. Okla-
homa basalts are dark gray or black.

Basin—a large area that sank faster than surrounding areas
during much of geologic time and in which a great thickness
of sediments was deposited.

Bentonite—an absorbent clay formed by decomposition of
volcanic ash.

Caliche—a porous sedimentary rock consisting of sand or gravel
cemented by calcium carbonate.

Chat—the crushed chert, limestone, and dolomite that is left
as a by-product of milling lead-zinc ores.

Chert—a dense sedimentary rock or mineral consisting of micro-
scopic particles of silica (quartz). Occurs in layers and as
isolated masses. Flint and novaculite are varieties of chert.

Coal—a combustible black sedimentary rock consisting mostly
of partly decomposed and carbonized plant matter.

Conglomerate—a sedimentary rock consisting largely of rounded
gravel or pebbles cemented together in a finer matrix.

Cuesta—a ridge with a long, gentle slope capped by a hard
layer of rock and terminated by a steep slope.

Dimension stone-—any stone suitable for cutting and shaping
into blocks and slabs for building or ornamental purposes.
Dolomite—a sedimentary rock consisting mostly of the mineral
dolomite, CaMg(COs3)2, formed from dolomite muds and
fossil fragments or, more commonly, by alteration of limestone.

Era—a large division of geologic time consisting of two or
more geologic periods.

Erosion—the natural processes of weathering, disintegration,
dissolving, and removal of rock and earth material, mainly
by water and wind.

Fossil—remains or traces of a prehistoric animal or plant.

Gabbro—a dark-colored, coarse-grained igneous rock formed
from magma that cooled beneath the earth’s surface. Oklahoma
gabbros are dark gray or black.

Geology—the study of the earth, including its structure, history,
landforms, and resources.

Geomorphic province—a large region of similar landforms
resulting from erosion of rocks and/or deposition of sediments
that are somewhat uniform in nature and structure.

Glass sand—high-purity quartz sand suitable as a raw material
in manufacturing glass.

Granite—a light-colored, coarse-grained igneous rock formed
from magma that cooled beneath the earth’s surface. Okla-

homa granites are mostly light gray, pink, red, and brown.

Gypsum—a sedimentary rock consisting of the mineral gypsum,
CaS042H20, formed by chemical precipitation from evapo-
rating sea water.

Hogback—a sharp ridge formed by layers of hard rock that dip
steeply downward.

Igneous rock—rock formed by cooling and solidification of hot
molten material called magma. Magma that flows onto the
surface of the earth (lava) cools rapidly to form fine-grained
rocks, whereas magma that solidifies several miles beneath the
surface cools slowly to form coarse-grained rocks.

Lignite—a brownish-black, low-grade coal.

Limestone—a sedimentary rock consisting mostly of the mineral
calcite, CaCOs3, formed mainly from lime muds and fossil
fragments.

Magma—molten rock material generated within the earth.

Marine—refers to sediments deposited in sea water.

Metamorphic rock—rock that has been changed through intense
heat, high pressures, or contact with chemically active fluids
from magma.

Nonmarine—refers to sediments deposited on land or in lakes,
streams, swamps, or deltas.

Period—one of the fundamental units of geologic time into which
earth history is divided. A period is a subdivision of an era.

Rhyolite—a light-colored, fine-grained igneous rock(lava) formed
from magma that flowed onto the surface of the earth. Okla-
homa rhyolites are pink, red, or brown.

Salt—a sedimentary rock consisting of the mineral halite, NaCl,
formed by chemical precipitation from evaporating sea
water.

Sandstone—a sedimentary rock consisting of sand grains (mostly
quartz) cemented together.

Sedimentary rock—rock formed by the compaction and
cementing of sediments deposited in water or from air. Sedi-
ments may consist of rock or mineral fragments of various
sizes (mud, sand, gravel), the remains of animals or plants.
the products of chemical action or evaporation, or mixtures
of these materials. Sedimentary rocks typically have a layered
structure known as bedding or stratification.

Shale—a sedimentary rock formed from muds and clays.

Terrace deposit—an old alluvial deposit near to, but above,
the present-day flood plain of a river.

Tripoli—a lightweight form of silica rock used for its abrasive
and absorbent properties.

Volcanic ash—accumulations of glasslike dust ejected from
volcanoes. The sources of Oklahoma volcanic ash were once-
active volcanoes in New Mexico.
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Arbuckle Mountain Province

Arbuckle Hills—Low to moderate hills chiefly of Cam-
brian to Mississippian limestones. Steeply dipping
strata are complexly folded and faulted.

Arbuckle Plains—Gently rolling hills and plains
developed on granites of Precambrian age and
gently dipping limestones chiefly of Ordovician age.

Ouachita Mountain Province

Beavers Bend Hills—Moderate to high hills and ridges
formed by tightly folded Ordovician through Missis-
sippian sedimentary rocks.

Ridge and Valley Belt—Long and sinuous mountain

ridges of broadly folded Mississippian and Pennsylvan-
iansandstones towering abovesubparallelshale valleys.

Hogback Frontal Belt—Thrust blocks of steeply dip-
ping Pennsylvanian sandstones and limestones in
hogback ridges rising 500 to 1,700 feet above adjacent
valleys.

Wichita Mountain Province

Granite Mountain Region—Peaks of Cambrian granite
and related igneous rocks towering 500 to 1,200 feet
above surrounding redbed plains.

Limestone Hills—Low to moderate hills of steeply
dipping Ordovician limestones rising above redbed
plains.

Other Provinces

Ardmore Basin—Lowland of folded Mississippian and
Pennsylvanian shales and sandstones between
Arbuckles and Dissected Coastal Plain.

Arkansas Hill and Valley Belt—Broad, gently rolling
plains and valleys with scattered hills 100 to 300 feet
high capped by Pennsylvanian sandstones.

Black Mesa—Flat-topped erosional remnant of Tertiary
basaltic lava flow extruded from volcano in Colorado.
Highest point in State

Boston Mountains—Deeply dissected plateau capped
by gently dipping Pennsylvanian sandstones.

Central Redbed Plains—Red Permian shales and
sandstones forming gently rolling hills and broad,
flat plains.
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Cimarron Gypsum Hills—Escarpments and badlands
developed on Permian sequence of interbedded gypsum
and shale.

Claremore Cuesta Plains—Resistant Pennsylvanian
sandstones and limestones dipping gently westward,
forming cuestas between broad shale plains.

Dissected Coastal Plain—Soft, south-dipping Creta-
ceous sands, gravels, and clays of Gulf Coastal Plain,
slightly dissected by streams.

Eastern Sandstone Cuesta Plains—West-dipping
Pennsylvanian sandstones forming cuestas that over-
look broad shale plains.

High Plains—Featureless flat upland surface on Terti-
ary and Pleistocene alluvial sands. Deeply dissected
along rivers and major streams.

Mangum Gypsum Hills—Gently rolling hills to steep
bluffs and badlands developed on Permian sequence
of interbedded gypsum and shale.

McAlester Marginal Hills Belt—Resistant Pennsyl-
vanian sandstones capping broad hills and mountains
that rise 300 to 2,000 feet above wide, hilly plains.

Neosho Lowland—Gently rolling shale lowlands with
a few low escarpments and buttes capped by Pennsyl-
vanian sandstones and Mississippian limestones.

Northern Limestone Cuesta Plains—Thin Permian
limestones capping west-dipping cuestas that rise
above broad shale plains.

Ozark Plateau—Deeply dissected plateau formed in
gently dipping Mississippian limestones and cherts.

Weatherford Gypsum Hills—Gently rolling hills in
massive Permian gypsum 100 feet thick. Locally
abundant sinkholes and caves.

Western Redbed Plains—Gently rolling hills of flat-
lying red Permian sandstones and shales.

Western Sand Dune Belts—Hummocky fields of grass-
covered sand dunes. Sand was blown from Quaternary
alluvium mainly on north sides of rivers.

Western Sandstone Hills—Soft, flat-lying red Permian
sandstones forming gently rolling hills cut by steep-
walled canyons.
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Sedimentary Rocks

QUATERNARY. Sand, silt, clay, and gravel in
flood plains and terrace deposits of major rivers.
Generally 25 to 100 feet thick.

TERTIARY. Sand, clay, gravel, and caliche
deposited from ancient rivers draining Rocky
Mountains. Generally 50 to 500 feet thick.

CRETACEOUS. Nonmarine sand and clay and
marine limestone and clay up to 3,000 feet thick
in southeast. Marine sandstone and shale are
about 200 feet thick in Panhandle.

JURASSIC. Nonmarine shale, sandstone, and con-
glomerate in Panhandle. Generally 250 to 500
feet thick.

TRIASSIC. Nonmarine shale and sandstone in Pan-
handle. Commonly 200 to 500 feet thick.

PERMIAN. Dominantly shallow-marine, deltaic,
and alluvial deposits of red sandstone and shale.
Gypsum outcrops (white) are conspicuous, and
thick salt units are widespread in subsurface.
Generally 1,000 to 4,500 feet thick.

PERMIAN(?). Marine limestone, sandstone, and
shale with Permian-Pennsylvanian transitional
fossils. Thickness, 500 to 2,000 feet.

PENNSYLVANIAN. Dominantly marineshale, with
interbedded sandstone, limestone, -and coal.
Thickness commonly 2,000 to 5,000 feet, but
much greater in Anadarko basin (16,000 feet),
Ardmore basin (15,000 feet), Ouachita Mountains
(15,000 feet), and Arkoma basin (18,000 feet). Thick
conglomerate near Wichita and Arbuckle Moun-
tains.
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MISSISSIPPIAN. Mostly cherty marine limestone
300 to 3,000 feet thick in north. Elsewhere, rocks
are mostly marine shale and sandstone 1,000 to
5,000 feet thick, and 10,000 feet thick in Ouachita
Mountains.

DEVONIAN-SILURIAN. Marine limestone 100 to
800 feet thick, overlain by black shale 50 to 500
feet thick. In Ouachita Mountains, units are chert,
shale, and sandstone 500 to 1,200 feet thick.

ORDOVICIAN. Marine limestone and dolomite,
with some sandstone and shale. Thickens from
1,000 feet in north to 9,000 feet in south. In
Ouachita Mountains, unit is shale, sandstone,
and cherty limestone.

CAMBRIAN. Marine limestone and dolomite, with
a basal sandstone. Generally 500 to 2,000 feet thick.

Igneous Rocks

TERTIARY. Basaltic lava flow 50 to 85 feet thick
in northwest corner of Panhandle. Caps Black Mesa.

CAMBRIAN. Granite, rhyolite, and gabbro in
Wichita Mountains and rhyolitein Arbuckle Moun-
tains. Formed about 525 million years ago; nearly
20,000 feet thick. In subsurface (cross section),
includes metamorphic rocks that may be partly
Precambrian.

PRECAMBRIAN. Granite, underlying almost all of
Oklahoma and cropping out only in the Arbuckle
Mountains and Mayes County. Formed 1.05 to 1.35
billien years ago, these are the oldest rocks at
the surface in Oklahoma.
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Related Rocks

E Principal outcrop area

A Quarry (10)

Gypsum D Principal outcrop area

£ Quarry (7)

Lead and Zinc D Area of many abandoned mines

Limestone and
Dolomite

‘:’ Principal outcrop area

A Quarry (34)

O Lime plant (1)

Chemical plant (11)

Copper deposit

Dimension-stone quarry (8)
Helium plant (1)
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Only currently active mines, quarries, and pits are shown; number of
operations for each commodity indicated in parentheses

Oklahoma’s mineral wealth is tremendous and
is evenly distributed throughout the State. Numer-
ous and varied mineral industries are active in each
of the 77 counties, and oil and gas have been pro-
duced in 73 counties. The annual mineral produc-
tion of Oklahoma in 1978 is valued at about $3.5
billion, nearly 5 percent that of the entire United
States, and the State is the fourth leading mineral
producer in the nation. Total production since
statehood (1907) is valued in excess of $47 billion.
Oklahoma is well known as an oil state, and petro-
leum (including crude oil, natural gas, and natu-
ral-gas liquids) accounts for about 94 percent of
the State’s yearly mineral output. However, non-

petroleum mineral resources represent a vast re-
serve of future wealth. Among the leading nonpe-
troleum resources being produced are cement, coal,
granite, gypsum, helium, iodine, sand and gravel,
and stone (limestone, dolomite, sandstone, and
chat). Of somewhat lesser current value is produc-
tion of clays, glass sand, lead, lime, salt, silver,
tripoli, volcanic ash, and zinc. Untapped resources
include iron, manganese, titanium, and uranium.
Oklahoma ranks first among the states in produc-
tion of iodine, second in helium and tripoli, third in
liquefied petroleum gas and natural gas, and fifth
in crude oil and gypsum.
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sufficient pressure to squeeze the oil and gas out of
the muds into more porous rocks such assandstone,
limestone, and dolomite. Virtually all of Oklahoma’s
oil and gas occurs in Paleozoic rocks, with Pennsyl-
vanian and Ordovician formations being the most
productive.

No authentic record of the first discovery of oil
in Oklahoma is available, but early settlers found
oil springs in northeastern Oklahoma and reported
a burning spring northeast of McAlester. In 1859 a
well drilled for salt near Salina, Mayes County, ac-
cidentally produced oil, which was then sold as
lamp oil. Of wells drilled in search of petroleum,
the first commercial well (one that makes a reason-
able profit above the cost of drilling, equipping, and
producing) was completed at Bartlesville, Wash-
ington County, in about 1896. The earliest recorded
production of oil in Oklahoma was 30 barréls in
the year 1901.

Detailed data are available on oil and gas ex-
ploration in Oklahoma since 1933, but unfortu-
nately records on the number of wells drilled dur-
ing the boom years prior to that time are
incomplete. Therefore, the total number of wells

oil is 6 barrels per well. In 1977 the total value of
oil and gas produced in the State was more than
$3 billion and accounted for about 95 percent of
the State’s total mineral production. As of Janu-
ary 1978, recorded cumulative production was 11.6
billion barrels of oil and 40.6 trillion cubic feet of
gas and had a total value of more than $36 billion.
In February 1979, Mississippi River Transmis-
sion Exploration Co. announced that its 1 Sanders
well in Beckham County was producing gas from
a depth of 23,920-24,924 feet. The well established
a new depth record for production in Oklahoma
and flowed 9 million cubic feet of gas per day from
rocks of the Hunton Group. Beckham and Washita
Counties, in the deep part of the Anadarko Basin,
continue to be the area of deepest drilling in Okla-
homa, and other wells will probably be productive
at depths greater than the current State record of
24,924 feet. Beckham County is also the location of
the world’s deepest borehole. In 1974 the Lone Star
1 Rogers was drilled to a total depth of 31,441 feet
and thus claimed the depth record from a Washita
County well, the Lone Star 1 Baden, which had
been drilled to a total depth of 30,050 feet in 1972.
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State is drained by the Arkansas and Red Rivers

All natural waters contain various minerals

to as much as 3,000 feet in the Arbuckle Mountains.

(U.S. Geological Survey)
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