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STRATEGIC AND CRITICAL MINERALS IN THE MIDCONTINENT REGION, UNITED STATES

Paleohydrology of the Central United States

By Donald G. Jorgensen

Abstract

Paleohydrologic analysis of the Central United States
indicates that from the end of the Precambrian to Late Cam-
brian time, unevenly eroded, fractured Precambrian crystalline
rocks were exposed above sea level. From Late Cambrian
through Middle Ordovician time, a transgressive, but cyclic,
sea covered the area. During periods of sea encroachment, the
sediments that were deposited underwent burial diagenesis,
which generally decreased porosity and permeability of asso-
ciated rocks. During most of Silurian and Devonian time, the
sea receded, and the deposits underwent uplift diagenesis,
which increased porosity and permeability, especially of the
exposed rocks. However, at the end of the Devonian and dur-
ing the Early Mississippian, nearly impermeable clay was
deposited in the euxinic sea, forming a regional confining unit.
Later, during Mississippian time, calcareous mud, which was
deposited in the forming Anadarko and Ouachita basins,
underwent burial diagenesis (which generally decreases per-
meability), especially rapid thermal alteration of organic mate-
rial. At the same time, rocks in the Nemaha and the Colorado
uplifts were undergoing uplift diagenesis (which generally
increases permeability).

Tectonic activity reached its maximum during the Penn-
sylvanian. By Middle Pennsylvanian time, the sea had sub-
merged most of the area, including the Ozark uplift. Large
quantities of sediment, mostly shale, were deposited in the
Anadarko and Arkoma basins. The rapid burial trapped slightly
permeable material and resulted in geopressuring as the satu-
rated sediments were buried more deeply. During the Late
Pennsylvanian and Early Permian, the Ouachita uplift was
higher than the Ozark uplift, thus creating a gradient down
which water could flow from the Ouachita uplift through the
Arkoma to possible discharge areas in the Ozark uplift. How-
ever, this is unlikely because the rocks below the Pennsylva-
nian shale in the Arkoma basin would have been deeply buried
and thus would have been only very slightly permeable. Dur-
ing Permian time, the Ouachita uplift was leveled, Permian
and Pennsylvanian rocks were eroded, and uplift diagenesis
dominated the Ozark uplift and adjacent areas. During this
time in eastern Missouri, the present-day Ozark Plateaus aqui-
fer system formed adjacent to the St. Francois Mountains in the
permeable Cambrian through Mississippian rocks, which had

undergone extensive uplift and diagenesis. By the end of the
Permian, sediments more than 20,000 ft thick had been depos-
ited in the Anadarko and Arkoma basins and of a lesser thick-
ness on the adjoining shelves. Burial diagenesis, especially
rapid alteration of the organic material in the basins, domi-
nated during Late Permian time.

During Triassic and Jurassic times, nearly the entire Cen-
tral United States was above sea level. In general, the mild
uplift diagenesis increased porosity and permeability.

During Cretaceous time, the sea returned to the central
interior, deposited sediments in the forming Denver basin, and,
in general, reestablished burial diagenesis. The Laramide orog-
eny raised the Rocky Mountains, creating an eastward tilt in the
central interior. This regional uplift caused an eastward flow in
the Great Plains aquifer system (mostly Lower Cretaceous
sandstone) that exists today and initiated the present-day west-
to-east flow of water throughout most of the Anadarko basin
shelf in the Western Interior Plains aquifer system (mostly Cam-
brian through Mississippian rocks). However, there is a very
slight radial flow of ground water outward from the geopres-
sure zone in the Anadarko basin. Most water in the Western
Interior Plains aquifer system is discharged upward to the water
table or streams in the transition zone, which is a hydraulic
boundary that separates the Western Interior Plains and the
Ozark Plateaus aquifer systems.

Epigenetic mineral deposits are found on the western and
southern flanks along the axis of the Ozark uplift. Although the
source of the hot metal-bearing solution is not known, it is
improbable that the fluid was part of an artesian flow system
that transmitted water from a paleotopographic-high, such as
the Ouachita Mountains, during the Pennsylvanian Period, to
the relatively lower lying areas along the Ozark uplift.

There are large hydrocarbon accumulations and a
geopressure zone in the Anadarko basin. Relatively sparse
hydrocarbon accumulations and no regional geopressure zone
have been found in the Arkoma basin. The rapid burial by sed-
iments in the Pennsylvanian and Permian Periods could have
created the pressure that fractured the overlying rocks in the
Arkoma basin, thus releasing hydrocarbons and water. Along
the flanks of the Arkoma basin, relatively more permeable for-
mations existed that could have transmitted fluids to areas on,
and adjacent to, the axis of the Ozark uplift.
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INTRODUCTION

Purpose and Scope

The purpose of this report is to describe the paleohydrol-
ogy of the Central United States, especially the Ozark uplift
and the Ouachita and Anadarko basins. Ground-water flow
systems, water chemistry, and hydraulic properties of aqui-
fers can be evaluated or estimated from paleohydrologic
analysis—reconstruction of paleogeography, paleoclimate,
and past heat-flow conditions to infer the hydrologic cycle.
Special emphasis in this report is given to the geology of
ground water, including the diagenetic processes that affect
aquifers and the flow systems associated with them. Many
diagenetic processes are a function of available energy, prin-
cipally heat. Available heat within the upper crust of the
Earth correlates with the tectonic setting of the rock material.
The paleohydrologic approach is especially useful on the
scale of continental and regional aquifers and has useful
ancillary applications in evaluating potential for epigenetic
mineralization or the occurrence of hydrocarbons.

This report represents a cooperative effort between the
U.S. Geological Survey (USGS) Water Resources Division
and the USGS Geologic Division and is a contribution to the
USGS Midcontinent Strategic and Critical Minerals Project.
This report relies substantially on the analysis of aquifers
made as part of the U.S. Geological Survey Central Midwest
Regional Aquifer-System Analysis (CMRASA) Study Pro-
gram (Jorgensen and Signor, 1981; Sun, 1986).

Diagenetic Processes

Diagenetic processes in rocks can be divided into two
broad groups—burial and uplift. Typically, burial diagenesis
is associated with basin subsidence and (or) rise of sea level.
Processes such as lithification, compaction, pressure disso-
lution and recrystallization, thermal alteration of organic
material, and clay-layer transformation are included. In gen-
eral, burial diagenesis results in a reduction in primary
porosity and permeability; however, generation of carbon
dioxide by thermal alteration of organic material typically
results in an increase of porosity and permeability in selected
rock sections (Al-Shaieb and Shelton, 1981).

Uplift diagenesis is associated with uplift and (or) sea-
level recession. It generally increases porosity and perme-
ability and includes such associated processes as weathering,
near-surface dissolution, extension, and fracturing. Weather-
ing and near-surface dissolution greatly increase both poros-
ity and permeability. Uplift diagenesis also includes
dolomitization in zones where sodium chloride water and
calcium and magnesium bicarbonate water mix, such as in
the shallow subsurface near coastlines (Hanshaw and Back,
1979); dolomitization usually increases permeability. Uplift
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generally is accompanied by a decrease in temperature and
pressure in the rocks. These decreases can cause precipita-
tion of cementing materials, such as calcite and silica, that
decrease porosity and permeability. Unloading, uplift that
typically results from erosion, causes extension or expansion
by rebound of compression and thus extensional fracturing
and microfracturing (Magara, 1981).

Certain physical diagenetic processes are typically
related not only to the environmental conditions but to the
rock type. Accordingly, it is useful to consider diagenetic
processes as related to a specific rock type.

Carbonate Rocks

Calcareous sediments are preserved in warm seas. These
sediments may be permeable, such as shell fragments, or
have slight permeability, such as calcareous muds. Lithifica-
tion of calcareous sediments occurs both above and below
sea level (Hanshaw and Back, 1979) and alters hydraulic
properties of the sediments. Areally extensive dolomitiza-
tion typically occurs near shore where fresh ground water
mixes with marine depositional water; dolomitization occurs
as magnesium is substituted for calcium in calcite. Solution-
fractured limestone and dolostone, which are typical of karst,
are very permeable and, thus, are excellent aquifer materials
(Stringfield and others, 1974; Babushkin and others, 1975;
Parizek, 1976; Milanovic, 1979).

The important diagenetic processes that decrease poros-
ity and permeability in carbonates are compaction, pressure
dissolution, and cementation. Compaction by burial
decreases porosity and markedly increases ductility of lime-
stone. Consequently, limestone, which may be permeable
near surface and form an aquifer, may be only slightly per-
meable at depth and form a confining unit. Compaction of
dolostone also decreases its porosity, but it remains rela-
tively brittle and retains some permeability even at depths in
a basin (Handin, 1966). Pressure dissolution occurs at the
contacts of grains; however, the carbonate may reprecipitate
in adjacent pores. Calcite solubility increases with pressure
and decreases with temperature. For normal geothermal and
pressure gradients, solubility increases slightly with depth,
thus allowing deep leaching of calcite by undersaturated
water moving downward. Conversely, cementation by pre-
cipitation occurs if pressure is decreased or temperature is
increased. Calcite cementation commonly is associated with
outgassing of carbon dioxide of upward-moving water
undergoing pressure reduction.

Siliceous Rocks

Siliceous rocks comprise most types of sandstone and
most igneous and metamorphic rocks. The solubility of























































































of the basin, the fracturing would have allowed upward
movement of hot water into the overlying strata. However,
along the northern flank of the basin relatively permeable
formations existed. These formations could have transmitted
hot metal-bearing fluids updip to the axis of the Ozark uplift
and adjacent to it. These fluids could be the source of the
Mississippt Valley-type mineral deposits along, and south
of, the axis of the Ozark uplift.

In the Anadarko basin thermal pressuring also occurred,
but not fracturing and microfracturing. Thus, the geopres-
sure zone and large accumulations of hydrocarbons still
exist.
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as collections of short papers related to a specific topic.

Water-Supply Papers are comprehensive reports that present sig-
nificant interpretive results of hydrologic investigations of wide interest
to professional geologists, hydrologists, and engineers. The series covers
investigations in all phases of hydrology, including hydrology, availabil-
ity of water, quality of water, and use of water.

Circulars present administrative information or important scientif-
ic information of wide popular interest in a format designed for distribu-
tion at no cost to the public. Information is usually of short-term interest.

Water-Resources Investigations Reports are papers of an inter-
pretive nature made available to the public outside the formal USGS pub-
lications series. Copies are reproduced on request unlike formal USGS
publications, and they are also available for public inspection at deposi-
tories indicated in USGS catalogs.

Open-File Reports include unpublished manuscript reports, maps,
and other material that are made available for public consultation at de-
positories. They are a nonpermanent form of publication that maybe cit-
ed in other publications as sources of information.

Maps

Geologic Quadrangle Maps are multicolor geologic maps on to-
pographic bases in 7 1/2- or 15-minute quadrangle formats (scales main-
ly 1:24,000 or 1:62,500) showing bedrock, surficial, or engineering
geology. Maps generally include brief texts; some maps include structure
and columnar sections only.

Geophysical Investigations Maps are on topographic or planimet-
ric bases at various scales, they show results of surveys using geophysi-
cal techniques, such as gravity, magnetic, seismic, or radioactivity, which
reflect subsurface structures that are of economic or geologic signifi-
cance. Many maps include correlations with the geology.

Miscellaneous Investigations Series Maps are on planimetric or
topographic bases of regular and irregular areas at various scales; they
present a wide variety of format and subject matter. The series also in-
cludes 7 1/2-minute quadrangle photogeologic maps on planimetric
bases which show geology as interpreted from aerial photographs. The
series also includes maps of Mars and the Moon.

Coal Investigations Maps are geologic maps on topographic or
planimetric bases at various scales showing bedrock or surficial geology,
stratigraphy, and structural relations in certain coal-resource areas.

Oil and Gas Investigations Charts show stratigraphic informa-
tion for certain oil and gas fields and other areas having petroleum poten-
tial.

Miscellaneous Field Studies Maps are multicolor or black-and-
white maps on topographic or planimetric bases on quadrangle or irreg-
ular areas at various scales. Pre-1971 maps show bedrock geology in re-
lation to specific mining or mineral-deposit problems; post-1971 maps
are primarily black-and-white maps on various subjects such as environ-
mental studies or wilderness mineral investigations.

Hydrologic Investigations Atlases are multicolored or black-and-
white maps on topographic or planimetric bases presenting a wide range
of geohydrologic data of both regular and irregular areas; the principal
scale is 1:24,000, and regional studies are at 1:250,000 scale or smaller.

Catalogs

Permanent catalogs, as well as some others, giving comprehensive
listings of U.S. Geological Survey publications are available under the
conditions indicated below from USGS Map Distribution, Box 25286,
Building 810, Denver Federal Center, Denver, CO 80225. (See latest
Price and Availability List.)

“Publications of the Geological Survey, 1879-1961” may be pur-
chased by mail and over the counter in paperback book form and as a set
microfiche.

“Publications of the Geological Survey, 1962-1970” may be pur-
chased by mail and over the counter in paperback book form and as a set
of microfiche.

“Publications of the U.S. Geological Survey, 1971-1981” may be
purchased by mail and over the counter in paperback book form (two
volumes, publications listing and index) and as a set of microfiche.

Supplements for 1982, 1983, 1984, 1985, 1986, and for subse-
quent years since the last permanent catalog may be purchased by mail
and over the counter in paperback book form.

State catalogs, “List of U.S. Geological Survey Geologic and Wa-
ter-Supply Reports and Maps For (State),” may be purchased by mail and
over the counter in paperback booklet form only.

“Price and Availability List of U.S. Geological Survey Publica-
tions,” issued annually, is available free of charge in paperback booklet
form only.

Selected copies of a monthly catalog “New Publications of the
U.S. Geological Survey” is available free of charge by mail or may be
obtained over the counter in paperback booklet form only. Those wishing
a free subscription to the monthly catalog ‘“New Publications of the U.S.
Geological Survey” should write to the U.S. Geological Survey, 582 Na-
tional Center, Reston, VA 22092,

Note.—Prices of Government publications listed in older catalogs,
announcements, and publications may be incorrect. Therefore, the prices
charged may differ from the prices in catalogs, announcements, and pub-
lications.






