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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) Program was started in
1978 following a congressional mandate to develop quantitative appraisals of
the major ground-water systems of the United States. The RASA Program
represents a systematic effort to study a number of the Nation’s most
important aquifer systems, which in aggregate underlie much of the country
and which represent an important component of the Nation's total water
supply. In general, the boundaries of these studies are identified by the
hydrologic extent of each system and accordingly transcend the political
subdivisions to which investigations have often arbitrarily been limited in the
past. The broad objective for each study is to assemble geologic, hydrologic,
and geochemical information, to analyze and develop an understanding of the
system, and to develop predictive capabilities that will contribute to the
effective management of the system. The use of computer simulation is an
important element of the RASA studies, both to develop an understanding of
the natural, undisturbed hydrologic system and the changes brought about in
it by human activities, and to provide a means of predicting the regional
effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a series
of U.S. Geological Survey Professional Papers that describe the geology,
hydrology, and geochemistry of each regional aquifer system. Each study
within the RASA Program is assigned a single Professional Paper number,
and where the volume of interpretive material warrants, separate topical
chapters that consider the principal elements of the investigation may be
published. The series of RASA interpretive reports begins with Professional
Paper 1400 and thereafter will continue in numerical sequence as the interpre-
tive products of subsequent studies become available.

Dobet 77 fise X

Robert M. Hirsch
Acting Director
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REGIONAL AQUIFER-SYSTEM ANALYSIS—CENTRAL MIDWEST

REGIONAL AQUIFERS IN KANSAS, NEBRASKA, AND PARTS OF ARKANSAS,
COLORADO, MISSOURI, NEW MEXICO, OKLAHOMA, SOUTH DAKOTA,
TEXAS, AND WYOMING—GEOHYDROLOGIC FRAMEWORK

By DoNALD G. JORGENSEN, JouN O. HELGESEN, and JEFFRey L. IMES

ABSTRACT

Regional aquifers are described within a 370,000-square-mile
area extending from the foothills of the Rocky Mountains in
Colorado to the Missouri and Mississippi Rivers in eastern Ne-
braska and Missouri, and from South Dakota to the Ouachita,
Arbuckle, and Wichita Mountains of Arkansas and Oklahoma.

The present geohydrologic framework of aquifers and confin-
ing units in this area is controlled by topography, geologic struc-
tures, and hydraulic properties. All of these characteristics are
the result of past geologic and hydrologic processes. From the
end of the Precambrian to Late Cambrian time, the area was
above sea level, and an uneven erosional surface had developed
on the fractured crystalline rocks. From Late Cambrian through
Middle Ordovician time, a transgressive but cyclic sea covered
the area. The oldest deposits were mostly permeable sand fol-
lowed by slightly permeable calcareous mud consisting of arago-
nite and algal remains.

During most of Silurian and Devonian time, nearly the entire
area was above sea level, except for southern Oklahoma and
northern Arkansas. Uplift diagenesis (diagenetic processes that
occur during periods of uplift) greatly increased porosity and in-
trinsic permeability of the rocks. At the end of Devonian or the
beginning of Early Mississippian time, a transgressing sea cov-
ered most of the area, and a very slightly permeable clay was
deposited.

Calcareous mud was the dominant sediment deposited during
much of Mississippian time. Tectonic activity increased as evi-
denced by uplifts, such as the Colorado—Wyoming uplift and the
Nemaha uplift in Kansas. Subsiding basins, such as the Arkoma
and Anadarko, received large quantities of sediment that cov-
ered the older rocks causing burial diagenesis of the calcareous
muds, which in general, decreases primary porosity and perme-
ability due to loading of sediments and selectively increases sec-
ondary porosity and permeability due to fracturing and
dissolution.

Tectonic activity was at a maximum during Pennsylvanian
time and decreased through the Permian. Uplifts, such as the
Front Range, Apishapa, Criner, Amarillo, Wichita, Arbuckle,
Ouachita, Ozark, Nemaha, and Cambridge-Central Kansas,
were active. The Arkoma and Anadarko basins continued to sub-
side and received as much as 20,000 feet of clay, calcareous
mud, and sand. During the Permian, the eastern part of the
area was tilted upward; the sea receded and regional ground-
water flow commenced from east to west. In the Ozark uplift
area, a small ground-water flow system began around the St.
Francois Mountains.

During Triassic and Jurassic time, while the eastern part of
the study area was above sea level, uplift diagenesis generally

increased secondary porosity and permeability. However, during
Early Cretaceous time, a transgressive but cyclic sea deposited
permeable sand and very slightly permeable clay over the west-
ern and central parts of the study area. During Late Cretaceous
time, clay was deposited in thick layers, and burial diagenesis
occurred throughout most of the area. At the end of the Creta-
ceous and into Tertiary time, major uplifts, such as the Rocky
Mountains, were formed as part of the Laramide orogeny. Up-
lifts in the west accompanied the regional tilting of the study
area downward to the east. Regional ground-water flow changed
to west to east in the Lower Cretaceous sandstones and in pre-
Pennsylvanian rocks. The ground-water flow system near the St.
Francois Mountains on the Ozark uplift continued to expand out-
ward as Pennsylvanian and Permian rocks were removed by erosion.

Three major regional aquifer systems are identified in the
area—the Western Interior Plains aquifer system, the Great
Plains aquifer system, and the Ozark Plateaus aquifer system.
The Western Interior Plains aquifer system and the overlying
Great Plains aquifer system are in the western part of the Inte-
rior Plains physiographic division. The Western Interior Plains
aquifer system, the Western Interior Plains confining system,
and the overlying Great Plains aquifer system, all overlie the
basement. Overlying these geohydrologic systems are the Great
Plains confining system and the High Plains aquifer. Water in
both aquifer systems flows mostly west to east. The Ozark Pla-
teaus aquifer system is in the Interior Highlands physiographic
division, mostly in the Ozark Plateaus. In this area, water flows
outward from the axis of the Ozark Plateaus. A transition zone
in western Missouri, southeastern Kansas, and northeastern
Oklahoma marks the location where the flow from the Western
Interior Plains aquifer system and the Ozark Plateaus aquifer
system meet and move vertically upward to the streams and the
near-surface water table.

Rocks of the Western Interior Plains aquifer system consist
mostly of dolostone, limestone, and shale of Cambrian through
Mississippian age. At most locations, the aquifer units are per-
meable and water yielding except in deep basins where perme-
ability is markedly decreased. The aquifer system is several
thousand feet thick in the Anadarko basin. The aquifer system
contains saline water with dissolved-solids concentrations ranging
from about 10,000 to more than 200,000 milligrams per liter. Intrin-
sic permeability is small, ranging from 10717 to 10-1! feet squared.

The Western Interior Plains confining system restricts water
flow between the Western Interior Plains aquifer system and the
overlying Great Plains aquifer system at nearly all locations in-
cluding the deep basins. The thick confining system consists
mostly of layered shale, limestone, sandstone, and evaporite
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deposits of Late Mississippian through Jurassic age. The thick-
ness of the confining system decreases from about 20,000 feet in
the Anadarko basin to about zero along the periphery of the
Ozark Plateaus, where it crops out.

The Great Plains aquifer system overlies the Western Interior
Plains confining system and contains two regional aquifers and
one confining unit. Both aquifers are composed predominantly of
permeable Lower Cretaceous sandstone and are separated at
most locations by a shale confining unit. Most recharge occurs in
southeastern Colorado and northeastern New Mexico. Ground
water flows east-northeast from these western recharge areas to
discharge areas in central Kansas and eastern Nebraska.

Intrinsic permeability in the Great Plains aquifer system
ranges from 10-13 feet squared in the Denver basin to more than
10-10 feet squared near the eastern outcrops. The Maha aquifer
(mostly Dakota Sandstone and equivalents) is the upper of the
two major regional aquifer units and is more extensive than the
underlying Apishapa aquifer (mostly Cheyenne Sandstone and
equivalents). The Apishapa confining unit (mostly Kiowa Shale)
separates the Apishapa and Maha aquifers. Dissolved-solids con-
centrations of water in the Great Plains aquifer system decrease
from more than 20,000 milligrams per liter in western Nebraska
to less than 1,000 milligrams per liter along outcrops in south-
east Colorado, central Kansas, and eastern Nebraska.

The Ozark Plateaus aquifer system is within the Ozark Pla-
teaus area. The aquifer system includes three regional aquifers
and two confining units. They are in ascending order, the St.
Francois aquifer, the St. Francois confining unit, the Ozark aqui-
fer, the Ozark confining unit, and the Springfield Plateau aqui-
fer. The St. Francois aquifer, which is the lowest geohydrologic
unit of the Ozark Plateaus aquifer system, is composed of mostly
Upper Cambrian sandstone, and lies on the basement. The aqui-
fer is more than 1,000 feet thick near the Mississippi River Allu-
vial Plain, but typically is 200 to 500 feet thick. The St. Francois
confining unit, which overlies and confines the St. Francois aqui-
fer, is composed of Upper Cambrian shale, siltstone, dolostone,
and limestone and is leaky because it transmits a considerable
quantity of water.

The Ozark aquifer, the largest and most extensively used
aquifer in the Ozark Plateaus area, is composed mostly of Upper
Cambrian through Middle Ordovician fractured and permeable
dolomitic rocks. The aquifer is typically about 1,000 feet thick
and is the thickest unit in the Ozark Plateaus aquifer system.
The Ozark confining unit restricts the movement of water be-
tween the Ozark aquifer and the overlying Springfield Plateau
aquifer. The confining unit includes Upper Devonian through
Lower Mississippian shale.

The Springfield Plateau aquifer is composed of fractured and
permeable Mississippian limestone. Aquifer thickness is as much
as 1,500 feet, but thicknesses of 100 to 400 feet are typical. The
aquifer is overlain to the west by beds of very slightly permeable
shale of Pennsylvanian age.

INTRODUCTION

The study area of the Central Midwest regional
aquifer-system analysis (Central Midwest RASA) in-
cludes about 370,000 mi2 (fig. 1). It extends from the
foothills of the Rocky Mountains in Colorado to the
Missouri and Mississippi Rivers in eastern Nebraska
and Missouri, and from South Dakota to the
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Ouachita, Arbuckle, and Wichita Mountains of
Arkansas and Oklahoma. The strata of interest are
from Cambrian to Cretaceous age and are thousands
to tens of thousands of feet thick in some areas. Sev-
eral important regional aquifer systems that contains
both freshwater and saline water (greater than 7,000
milligrams per liter dissolved solids) are included in
the study area. In much of the area, little was previ-
ously known about the regional flow and
hydrochemistry within the aquifer systems or about
relations among them.

Within the central United States, three other re-
gional aquifer-system analyses (RASA) (fig. 2), which
in places share geographic or hydrologic boundaries
with Central Midwest RASA, were completed prior to
this study. These RASA were the High Plains RASA
(Weeks, 1978), the Northern Great Plains RASA
(Dinwiddie, 1979), and the Northern Midwest RASA
(Steinhilber and Young, 1979). The Gulf Coast RASA
(fig. 2) is still being conducted in 1987 as this report
is being written (Grubb, 1984).

PURPOSE AND SCOPE

The background, purpose, scope, objectives, and
approach of the Central Midwest RASA are described
in the project-planning report by Jorgensen and Si-
gnor (1981). The findings of the Central Midwest
RASA are reported in five chapters: Chapter A is the
summary chapter, which will collate the important
findings reported in other chapters; chapter B (this
report) describes the geohydrologic framework; chap-
ter C describes the modeling analysis of the regional
aquifer systems; chapter D describes the geohydro-
logic and model analyses of the Ozark Plateaus aqui-
fer system; and chapter E describes the geohydrologic
and model analyses of the Great Plains aquifer
system.

The purpose of this chapter is to describe the re-
gional aquifers and confining units in the Central
Midwest and the hydrogeologic framework in which
they exist. The aquifers and confining units described
are within the stratigraphic section from Cambrian
rocks through the Cretaceous Dakota Sandstone and
its equivalents within the study area. The scope of
the study does not specifically include the rocks that
contain the High Plains aquifer. The information on
the High Plains aquifer can be obtained from U.S.
Geological Survey Professional Paper 1400-A through
1400-E. Although at a few locations the High Plains
aquifer is in direct connection with aquifer units of
the Central Midwest RASA, it is a separate regional
aquifer that overlies the units studied herein.
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able were selected. In other areas with few data, most
available logs were selected.

Data of selected water-level measurements in wells
were stored in the GWSI data base of the U.S. Geo-
logical Survey. Results of drill-stem tests were stored
in a project file termed “Reservoir Parameter File.”
Hydrochemical data from many sources were entered
in a “Hydrochemical File.” Sources of data for this
hydrochemical file included the U.S. Geological Sur-
vey WATSTORE Water-Quality file (Baker and
Foulk, 1975), the National Uranium Resource Evalu-
ation file (Arendt and others, 1979, p. 11), and the
Petroleum Data Systems file (University of Okla-
homa, 1980) as well as information from existing
publications and other sources. Selected data from
this hydrochemical file were used to create a project
file termed “Hydrochemical Data Base” for water-
chemistry maps.

Most of the chemical analyses of saline water were
obtained from the petroleum industry. Large differ-
ences between the reported concentrations of dis-
solved solids from adjacent well sites typically
characterized samples of saline water. The cause of
these differences are difficult to determine. It is not
known whether the differences are related to areal,
vertical, and temporal variability, to errors resulting
from the sampling procedure, or to methods of chemi-
cal analysis. For example, the exact source of many of
the water samples is unknown. Some samples were
obtained from drill-stem tests; others are “produc-
tion” water. Some may be mixtures of in situ water
and drilling fluids or of water from zones above or
below the zone of interest. However, chemical analy-
ses of water from adjacent wells located in the fresh-
water areas did not have large variability.

MAP PREPARATION

Maps showing the extent and altitude of the top of
geohydrologic units were constructed using informa-
tion from lithologic and geophysical logs and from to-
pographic maps in outcrop areas. Typically maps of
the altitude of geohydrologic units are more detailed
in the Ozark area because they are based mostly on
topographic control at outcrops, whereas in other ar-
eas, such as where the unit is deeply buried, less
data are available. Thickness maps were made from
measured data; however, if thickness information
was not available, then the supplemental thickness
was determined by calculating the difference between
the altitudes of the top and bottom of the zone of in-
terest. Fault locations were obtained from published
geologic maps. Only major faults and those faults
causing a major thickness discontinuity are shown on
the thickness maps.
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Many aquifers have a characteristic hydro-
chemistry that is the result of chemical processes oc-
curring within the aquifers as well as the chemistry
of water recharging the units. Maps showing prelimi-
nary interpretations of the dissolved-solids concentra-
tions were prepared because more dissolved-solids
data are available than any other type of chemical
data. Selection of analyses used to prepare the dis-
solved-solids maps generally was governed by ionic
balance and continuity with adjacent analyses. In the
absence of analytical data, the concentration of dis-
solved solids was estimated from measurements of
spontaneous potential from wireline-geophysical logs
of boreholes or from cross plots of resistivity and po-
rosity data also from wireline-geophysical logs. The
procedure for estimating water resistivity and dis-
solved-solids concentration is described by Jorgensen
(1989).

Maps of the configuration of the potentiometric
surface in parts of aquifers containing freshwater
were prepared to evaluate the continuity of an aqui-
fer and to determine areas of recharge and discharge.
A surface defined by equivalent-freshwater head is
used in evaluating the lateral hydraulic continuity of
permeable rocks. In parts of aquifers containing fresh
ground water, maps showing the potentiometric sur-
face were constructed to evaluate the flow system
and areas of recharge and discharge. In parts of the
aquifers containing variable-density fluid, a surface
defined by equivalent-freshwater head is used. This
surface of equivalent-freshwater head should be used
with caution. Under certain conditions, flow direction
may not be down the equivalent-freshwater head gra-
dient. For rocks containing variable-density fluids, no
potential field exists if density is not solely a function
of pressure (Jorgensen and others, 1982; Hubbert, 1940).
Nevertheless, the surface of equivalent-freshwater head
is still useful if caution is exercised.

Altitudes of equivalent-freshwater head were de-
termined from shut-in pressures of drill-stem tests in
wells containing salinewater or by measurement of
the water level in wells containing freshwater. The
following equation, in consistent units, was used to
calculate equivalent-freshwater head (h):

b
he=Z+ d (1)

g

where
z is the altitude at the centerline of the rock sec-
tion,
p is the pressure at the centerline of the rock sec-
tion,
d is the density of freshwater, and
g is the acceleration due to gravity.
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Pressure values from the drill-stem tests were ad-
justed to the centerline of the rock section tested. The
adjustment to the pressure (p,) was calculated using
the following equation in consistent units:

pa = df g (Zg - Z) (2)
where
d; is the density of the in situ (formation) water
and
z, is the altitude of the pressure gage used for
the drill-stem test.

Density of formation water increases with increas-
ing concentration of dissolved solids and decreases
with increasing temperature. In shallow wells con-
taining freshwater, the correction for density is
trivial, and the equivalent-freshwater head is considered
equal to the altitude of the water level within the well.

Accuracy of the calculated equivalent-freshwater
head values derived from results of drill-stem tests is
difficult to evaluate because it is dependent on the
accuracy of the recording gage, the conditions of the
test, and the hydraulic character of the rock. Com-
parison of data from adjoining drill-stem tests in the
same test hole or adjacent test holes indicates consid-
erable differences. The differences may be due either
to unknown inaccuracies, as reported in the drill-
stem test results, or to areal, vertical, or temporal varia-
tions, such as the effects of petroleum development.

DETERMINATION OF HYDRAULIC PROPERTIES
POROSITY

Porosity of a water-saturated rock is the ratio of
its interstices to its total volume (Lohman, 1972, p.
10). Porosity is an important element in determining
both the storage coefficient and the hydraulic-conduc-
tivity properties of the materials in a geohydrologic
unit. The relation among porosity, hydraulic conduc-
tivity, and other properties are described by
Jorgensen (1980, p. 12-14). Additionally, the relation
between effective porosity and permeability (or hy-
draulic conductivity) is extremely useful, especially in
areas where porosity data are available but hydrau-
lic-conductivity data are not. Porosity values were
available throughout most of the study areas. Values
were obtained from analysis of results from drill-stem
tests, from laboratory analyses of rock cores of test
holes, or from analyses of production data from oil or
gas reservoirs. Measurement of porosity (or perme-
ability) of fractured rock in the laboratory is nearly
impossible because of the difficulty of obtaining a
large enough rock sample to provide representative
values of those properties and of arranging the frac-
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tured pieces in the same manner as they were in
situ. Porosity (and permeability) of “repacked”
samples of unconsolidated material may be errone-
ous. Reported porosity values for many oil and gas
reservoirs are of unknown accuracy and were deter-
mined by generally unreported techniques. In situ po-
rosity values can be determined from measurements
made by wireline-geophysical equipment, specifically
density (gamma-gamma), neutron, and sonic logs
(MacCary, 1978, p. 9). Borehole-compensated dual-poros-
ity logs (density and neutron), in combination with litho-
logic information, can also be used to calculate porosity.

Porosity values for this investigation were deter-
mined from borehole-compensated dual-porosity logs.
These data were used to prepare maps of porosity.
Log-determined porosity values were considered to be
more representative of a regional geohydrologic unit
than values reported from analyses of well data or
from laboratory measurements of cores because these
reported values represent local rock characteristics or
portions of tested sections, not the entire thickness of the
geohydrologic unit.

A comparison of reported porosity values for spe-
cific oil and gas reservoirs with the regionalized (log-
determined) porosity values read from the porosity
maps was made for different lithologies and for dif-
ferent stratigraphic units. Reported reservoir values
compared well with the regional values for rock sec-
tions that consisted of Jurassic and Lower Cretaceous
sandstone (fig. 3). The correlation probably reflects a
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Ficure 3.—Comparison of regional and reservoir porosity of
Jurassic and Lower Cretaceous sandstone.
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dominance of primary porosity over secondary poros-
ity, because primary porosity is more isotropic than
the highly anisotropic fracture porosity.

Reported reservoir porosity values for Pennsylva-
nian and Permian rocks, Mississippian limestone,
and Cambrian through Devonian rocks did not corre-
late well with regionalized porosity values (figs. 4, 5,
and 6). The poor correlations are attributed partly to
the effects of the heterogeneous secondary porosity,
which is due mostly to fracturing and dissolution of
rock material. Oil and gas reservoirs in a heteroge-
neous rock section typically have porosity values
greater than average (Brown, 1985). This is espe-
cially true in fractured rocks with substantial second-
ary porosity. Secondary porosity in fractured
reservoirs commonly is developed in a thin vertical
section that usually is of limited lateral extent. Dis-
solution of rock material generally is local and occurs
along permeable paths. Therefore, reported porosity
values for oil and gas reservoirs tend to be site spe-
cific and may not be representative of the entire
hydrostratigraphic section either vertically or areally.
This is to be expected because most oil and gas reser-
voirs are anomalous subsurface zones. Another com-
parison, not shown, indicates a general trend of
decreasing porosity with depth. This trend is most
pronounced in sandstone rocks of the study area,
which generally have predominantly primary
porosity. The trend is less pronounced in carbonate
rocks, which generally have predominantly secondary
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porosity. Porosity values of any type or source were not
available for the deepest rocks in the study area. Esti-
mates of porosity based on the relation of decreasing
porosity with depth were made to supplement the
geophysical-log or regionalized porosity values.

HYDRAULIC CONDUCTIVITY AND INTRINSIC PERMEABILITY

Hydraulic conductivity is the primary criterion in
distinguishing between aquifers and confining units.
Hydraulic-conductivity data for aquifers containing
freshwater is obtained from aquifer tests using one
well or more that completely penetrates a single
aquifer. Unfortunately, few aquifer tests have been
conducted in the study area. Hydraulic-conductivity
data also can be estimated from specific capacity of a
pumping well. Specific capacity is the ratio of dis-
charge of water per foot of drawdown and is a func-
tion of hydraulic conductivity and well efficiency. The
available specific-capacity data were from wells that
generally were open to one aquifer or more and did
not penetrate the complete thickness of the lower
aquifer. Thus, the available specific-capacity data
may not provide accurate estimates for an individual
aquifer. Hydraulic-conductivity values determined
from aquifer tests or specific-capacity data were
stored in the GWSI file.

In rocks containing saline water, virtually no
hydraulic-conductivity data are available. In these ar-
eas, permeability data were obtained from analysis of
the results of drill-stem tests, laboratory analyses of
cores, or oil-production tests. Intrinsic permeability
(k) is the measure of the relative ease with which a
rock or medium can transmit a fluid under a poten-
tial gradient, and it is a property of the rock alone.
Hydraulic conductivity (K) is a measure of the ease of
flow of water at a specified viscosity through a rock
or medium. The equation, in consistent units, that re-
lates the hydraulic conductivity and intrinsic perme-
ability is:

v 3

where
K is hydraulic conductivity,
k is intrinsic permeability,
d is density of the fluid,
g is acceleration due to gravity, and
vq is the dynamic viscosity of the fluid.

Because nearly all drill-stem tests are conducted in
localized traps or reservoirs of permeable material,
intrinsic-permeability values obtained by analysis of
such tests may be representative of only the perme-
able sections of the reservoir or trap and may not be
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representative of the average regional permeability.
Similarly, intrinsic-permeability values from cores of
fractured rock also are difficult to evaluate as to their
representativeness of effective regional permeability.
For example, nonfracture intrinsic-permeability val-
ues from a 20-ft core of fractured and vuggy
dolostone removed from a borehole within the study
area ranged from less than 0.1 mD to more than
3,000 mD. The intrinsic permeability of the fractures
in the rock core was not determined because it was
not possible to represent the fractured rocks in the
laboratory. Both laboratory tests and drill-stem tests
generally are conducted on relatively thin rock sec-
tions of 20 ft or less, and the tests would not be rep-
resentative of the thick regional-geohydrologic units.

To overcome these problems of estimating the av-
erage regional values, a method was developed to use
data from wireline-geophysical borehole logs.

The intrinsic-permeability relation used is

k - £ ) Nm+2
s!  (1-N)? @
where
¢ is a rock constant that is determined for each
rock type,

N is porosity,
m is the cementation factor, and
S, is the specific surface area.

The equation is obtaintd by combining the Archie
equations developed for resistivity logs with the
Kozeny equation of flow through rocks. The equation
is based on the assumption that intrinsic permeabil-
ity is a function of a medium or rock factor, the first
set of terms, and a porosity factor (P), the second set
of terms.

A plot of the porosity factor versus intrinsic permeabil-
ity for 10 carefully selected data sets defined the follow-
ing empirical equation for intrinsic permeability:

k = (1.828 x 105)(PL10), (6
Each data set included a porosity value, which was
determined from a dual-porosity log, a cementation
factor, which was determined from a cross plot of
bulk resistivity versus porosity (MacCary, 1978, p.
18), and a permeability value from an in situ test.
The equation has a coefficient of determination (r2) of
0.90. The equation was useful in estimating intrinsic
permeability of rocks in which electrical conduction
along grain surfaces was not significant irrespective
of whether the rock was dominantly a porous me-
dium or a fractured medium.

Intrinsic-permeability values from aquifer and
specific-capacity tests, along with the calculated
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estimates of permeability values using geophysical-
log data and the above equation, were plotted on
maps and contoured to show regionalized permeability.
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Ficure 7.—Comparison of regional and reservoir permeability of
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Figure 8.—Comparison of regional and reservoir permeability of
Mississippian limestone.

Regional intrinsic-permeability values from maps
were compared to site-specific intrinsic-permeability
values from the “Reservoir Parameter” file, as shown
in figures 7, 8, 9, and 10. The figures do not show a
correlation between regionalized permeability and
site permeability. Differences of two orders of
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magnitude are not unusual. It should be remembered
that site permeability values for oil and gas reser-
voirs were measured on thin intervals (20 ft or so),
whereas the regional permeability values calculated
from geophysical-log data were for thick intervals
(generally 100 to 1,000 ft). It is concluded that per-
meability values determined from maps constructed
on the basis of geophysical-log data represent esti-
mates of regional permeability, whereas permeability
values reported for oil and gas reservoirs represent
localized site values.

Regional intrinsic-permeability values from the
maps were the initial estimates of permeability used
in a digital model of regional ground-water flow. The
modeling procedure itself can be used to further re-
fine estimates of intrinsic permeability.

PHYSICAL SETTING

Much of the study area is laterally bounded by the
Rocky Mountains on the west and the Missouri and
Mississippi Rivers to the east. The area is part of two
major physiographic divisions, the Interior Plains and
the Interior Highlands (Fenneman, 1946). The Inte-
rior Plains includes the Great Plains province and
the Central Lowland. The Interior Highlands in-
cludes the Ozark Plateaus and the Quachita province
(fig. 11). The Ouachita province includes the Arkan-
sas Valley, which is between the Boston Mountains of
the Ozark Plateaus and the Ouachita Mountains
south of the study area.

Land-surface altitude ranges from less than 500 ft
along the Fall Line between the Mississippi Alluvial
Plain and the Ozark Plateaus to about 6,000 ft in the
extreme western part of the study area adjacent to
the Rocky Mountains (fig. 12). The topography of the
Ozark Plateaus and most of the Arkansas Valley is
hilly to rugged, whereas most of the Interior Plains
area is relatively flat. Much of the Ozark Plateaus
area is covered by hardwood forest, whereas the
Plains area is mainly a mixture of grassland and row
crops.

Climatic characteristics for the central United
States are shown in figure 13. Average-annual pre-
cipitation for 1931-60, which included two major
droughts (1933-37 and 1952-57), ranged from 12 in.
in eastern Colorado to more than 40 in. in the Ozark
Plateaus (Eagleman, 1976, fig. 3). Potential evapo-
transpiration greatly exceeded precipitation except in
southern Missouri and northwestern Arkansas for
this same period (fig. 13). Annual surface-water run-
off ranged from 1 in. or less in western Kansas and
eastern Colorado to more than 25 in. in the Ozark
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Plateaus during 1931-60 (Busby, 1966). Annual sur-
face-water runoff during 1951-80 exceeded 27 in. in
part of the Ozarks (Hedman and others, 1987). An-
other regional study (Dugan and Peckenpaugh, 1985),
which evaluated the quantity of water passing the
root zone and reaching the water table during 1951-
80, indicated that more than 15 in. per year of water
was available for recharge in part of the Ozarks
whereas less than 1 in. was available in western
Kansas and eastern Colorado (fig. 14).

The eastern part of the study area has abundant
water resources, especially surface water. Most of the
western part of the study area is deficient in surface
water but has substantial ground-water resources, es-
pecially the High Plains aquifer, which overlies the
aquifers described in this report and has been stud-
ied previously (Gutentag and others, 1984).
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CAMBRIAN SYSTEM

Brown (1978), from an investigation in the north-
ern Great Plains, reported that a wrench-fault tec-
tonic system was active in Cambrian time and
throughout Paleozoic time. Brown further reported
that the tilting of blocks affected sedimentary deposi-
tion and that the faults themselves may be hydraulic
barriers. The predominant direction of shear and
faulting is northeast, with complementary fractures
trending northwest.

The Precambrian surface, except possibly for one
small subsiding basin, was exposed and was being
eroded during Early and Middle Cambrian time. The
unloading resulted from erosion-created extensional
jointing. The joints (vertical fractures) were paths for
water flow.

A cyclic but generally transgressive sea covered
most, if not all, of the study area during Late Cam-
brian time. Paleogeographic maps (Scotese and oth-
ers, 1979, fig. 3) indicate that nearly all the study
area was near the equator and was covered by a
shallow sea, except the low-lying Transcontinental
arch, a lowland in parts of Colorado, New Mexico,
and Texas and various islands (fig. 19).

Sand was the dominant sediment deposited in the
shallow sea within the study area (Dott and Batten,
1976, p. 199). Formations, such as the Reagan Sand-
stone and equivalent Sawatch Quartzite in central
Colorado, and the Lamotte Sandstone and the
equivalent Mount Simon Sandstone east of the study
area, are predominantly sandstone originating from
deposition of permeable sand nearshore during the
Late Cambrian. Detritus from the Ozark uplift is be-
lieved to be the source of material for the Lamotte
Sandstone (Bridge, 1930, p. 136). The Lamotte is a
basal sand deposited on a surface of moderate relief
(Merriam, 1963). Small areas, former islands of pre-
Paleozoic basement rock, are found in northwestern
Arkansas, central Kansas, southeastern Missouri,
and north-central and northeastern Oklahoma. Each
successive transgression further eroded and covered
these areas (Chenoweth, 1968, p. 1675; Walters,
1946, p. 660).

In the area of the Ozark uplift, cyclic deposits of
clay, silt, fine sand, and carbonate mud occurred. The
calcareous sediments now are represented by the
Bonneterre Dolomite and by the Derby and Doe Run
Dolomites of the Elvins Group.

Marine sand and calcareous mud were deposited in
a sea with a salinity and chemical composition simi-
lar to that of the present ocean (Habicht, 1979, p. 2).
During Late Cambrian time, the sand and calcareous
mud had ample opportunity to lithify to sandstone
and limestone. Lithification of littoral sediments
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occurred when they were nearshore or when they
were periodically above water level. The entire study
area, except for a basin in southern Oklahoma (the
present Anadarko basin), was above sea level at vari-
ous times during the Late Cambrian. Saline water,
which had been deposited with the sediments, prob-
ably was flushed from the thin mantle of Cambrian
rocks and the subjacent rocks at all locations above
sea level. Extensional jointing of the consolidated
rocks, which resulted from erosional unloading,
would have created secondary permeability. The in-
creased permeability accelerated the flushing of sa-
line-depositional water from the rocks. At some
locations, sediments containing saline water were in
contact with fresh ground water from the land
masses, and dolomitization would have resulted.
Ham (1950) reports that Cambrian dolomitic rocks in
southern Oklahoma are diagenetic in origin.

The present thickness of Cambrian rocks is the re-
sult of initial sedimentation and subsequent erosion.
The maximum thickness of Cambrian rocks is 350 ft
in Kansas (Merriam, 1963, p. 175), more than 750 ft
in southeastern Missouri, and more than 1,500 ft in
southern Oklahoma (Ham, 1950) in the arcuate basin
that extended from southern Oklahoma to the
bootheel of Missouri.

ORDOVICIAN SYSTEM

Lower Ordovician rocks, which are predominantly
dolostone at nearly all locations in the study area, lie
unconformably on the Upper Cambrian rocks. How-
ever, Ross and Tweto (1980) state that in central
Colorado, the Manitou Dolomite (equivalent to the
Arbuckle Group) was deposited in a vast supratidal
and subtidal carbonate mudflat. In northeastern
Kansas, southeastern Nebraska, and northern Mis-
souri, calcareous sediments also were deposited. Bun-
ker (1981, p. 18) implies that some minor tectonic
activity occurred along the Nemaha uplift prior to
Middle Ordovician time. All or nearly all of the area
of the Ozark uplift, including the St. Francois Moun-
tains, was submerged. Sediments in the uplift area
were predominantly calcareous mud, with the excep-
tion of some permeable sand, such as those that form
the Gunter Sandstone Member of the Gasconade Do-
lomite. The bottom deposits in the sea in the area of
the Ozark uplift were largely algal lime. Algal reefs
are typical throughout the Gasconade Dolomite. Also,
calcareous mud in lagoons with restricted circulation
was dolomitized (Burgess, 1964, p. 47).

The sea advanced and retreated several times dur-
ing Ordovician time. During periods of retreat, uplift
diagenesis occurred. Exposed calcareous mud was
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lithified. Dolomitization and additional weathering
occurred during the numerous changes in sea level.
Major periods of retreat are marked by several
unconformities in the area of the Ozark uplift and in
the Forest City basin. For example, the Gasconade
Dolomite and Roubidoux Formation are separated by
a major unconformity. Permeability developed rapidly
on exposed limestone and dolostone during the long
periods of erosion.

In the Ozarks, most Lower Ordovician limestone
has been replaced by dolomite, such as the Gascon-
ade Dolomite (Borahay, 1973, p. 56). Erosion of some
of the earliest Ordovician sediments and rocks had
occurred on the ancestral Nemaha uplift and the
Cambridge arch by the end of Early Ordovician time
(Smith and Burchett, 1967).

In southern Oklahoma, an extensive basin rapidly
formed as evidenced by the approximately 6,000 ft of
Lower Ordovician sedimentary rocks that are present
in southern Oklahoma (Adler, 1970, p. 1002). In
southern Arkansas and eastern Missouri, another
deep basin also was forming. The limestone layers in
the basin were losing primary porosity as the result
of compaction and pressure dissolution, and gaining
secondary porosity as a result of thermal diagenesis
of organic material. The subsiding basin with its nor-
mal faulting is reported to have been initiated by a
crustal extension (Brewer, 1982, p. 38).

At the end of the Early Ordovician and the begin-
ning of the Middle Ordovician, the retreat of the sea
and the Ozark uplift exposed rocks and sediments
throughout the entire study area except for a subsid-
ing basin in Arkansas and Oklahoma. The duration
of the erosion, which followed the retreat, varied
within the study area. Ross and Tweto (1980, p. 51)
suggest that the hiatus in Colorado may represent 10
to 35 million years.

Erosion of Paleozoic sediments occurred along the
flanks of the Transcontinental arch and the Ozark
uplift, In Kansas, only a veneer of pre-hiatus Paleo-
zoic sedimentary rocks remains along the eastern
border. However, pre-hiatus rocks remain in Okla-
homa and in the present Forest City basin in
Nebraska.

During the period in which the Ozark uplift was
formed, extensive uplift diagenesis, including jointing
and near-surface weathering, occurred. For example,
exposed Lower Ordovician rocks along the Arbuckle
uplift in southern Oklahoma have joint sets that are
parallel and perpendicular to the major Arbuckle
fold. The joints, which are believed to be a product of
tectonic activity that created the basin, have provided
permeable flow paths and have aided aqueous di-
agenesis since their creation. “The ‘Arbuckle lime-

REGIONAL AQUIFER-SYSTEM ANALYSIS—CENTRAL MIDWEST

stones’ are not as well jointed as the overlying
Woodford, Chimneyhill, and Viola Formations, which
are more competent ***” (Decker and Merritt, 1928,
p. 12). (The Chimneyhill Limestone is part of the
Hunton Group.) Joints in the Ordovician and Cam-
brian rocks along the Ozark uplift align about N. 25°
W. and N. 70° E.

Ground-water flow systems developed in the up-
lifted areas and flushed the water from Early Ordovi-
cian and older rocks. In general, ground water is rich
in CO, in recharge areas. The slightly acid water
typically dissolves the rock matrix, especially calcare-
ous material; porosity and permeability are thus in-
creased. Cementing occurs in discharge areas where
the water is under reducing conditions; porosity and
permeability may be decreased in inland discharge
areas. Regional dolomitization of limestone occurred
near the coastline in the zone of mixing between the
inland fresh ground-water flow system and the saline
depositional water in the rocks below sea level. In
general, the processes of dolomitization and jointing
increased secondary porosity and permeability. The
widespread unconformity, usually a karst at the top
of the older dolostone and limestone, formed an excel-
lent aquifer and a path for easy ground-water move-
ment. Sediment deposition during subsequent periods
of transgression during the Middle Ordovician (fig.
20) covered and preserved the unconformity surfaces.
Very permeable onlapping sands were preserved.
These sands are the parent material for the sand-
stones of the Harding Sandstone west of the study
area in Colorado and New Mexico (not listed on plate
1) and the St. Peter Sandstone in the remainder of
the area. After the period of general transgression, a
period of relatively stable sea levels ensued during
which calcareous sediments, represented by the Viola
Limestone, were deposited on approximately the
same area as the sand.

In northern Arkansas, the Everton Formation, a
Middle Ordovician sandstone and limestone, is
unconformably overlain by the St. Peter Sandstone
(Croneis, 1930, p. 24). This unconformity indicates
that the widespread regional hiatus may have oc-
curred within the Middle Ordovician Epoch and not
at the end of the Early Ordovician Epoch. Possibly,
the sand of the Everton is detritus from the elliptical
Ozark uplift. Thickness maps by Caplan (1957) indi-
cate that the Everton Formation in north-central Ar-
kansas thickens to the south, as does the St. Peter
Sandstone, but at a much greater rate. The thickness
of the St. Peter and the Everton is about 600 ft at the
southern boundary of the study area in Arkansas.
Both formations consist of clean quartzose sand,
which formed a permeable aquifer immediately after
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systems radiate outward from the Ouachita region *
* * and are attributed to compression (Friedman,
1964, p. 485-486). The en echelon faults *** are re-
garded by Friedman (1964, p. 486) as ‘near surface
features related to wrench faults at depth’ ***.

In unfolded strata in eastern Oklahoma the joints
that parallel folds of the Ouachita Mountains are
regarded by Friedman (1964, p. 486) as ‘relaxation
fractures—formed upon release of stored elastic
strain energy.’

Subsidence along existing Ordovician faults was
rapid in the Anadarko and Arkoma basins. In gen-
eral, the rate of subsidence decreased rapidly north-
ward out of the basins (Frezon and Dixon, 1975;
Glick, 1975; Wilson, 1975). Deltas and alluvial fans
of very permeable coarse-grained detritus, as thick
as 750 ft, were deposited along the Amarillo uplift in
Texas (Dutton, 1980, p. 24). Permeable coarse sand
also was deposited near the Apishapa-Sierra Grande
uplift and the Amarillo-Wichita uplift (fig. 24). Clas-
tic sediment grading from sand to silt, to red and
green continental clay, and finally to black marine
clay was deposited away from the uplifts toward the
basins. The coarse material forms the basal material
of the Fountain Formation (Atokan or Middle Penn-
sylvanian not listed on plate 1) in central Colorado
and a Lower-Middle-Upper Pennsylvanian arkose
facies near uplifts in Oklahoma. These permeable
sediments allowed limited water movement from
near surface to the deeper aquifers in underlying
older rocks (see pl. 2). However, the width of the
coarse sediments was only a few tens of miles. Away
from the uplifts, relatively impermeable clay and cal-
careous mud interbedded with sand were deposited
in a cyclic pattern. The numerous clay layers formed
a very effective seal, restricting vertical flow of water
to and from the underlying Lower Pennsylvanian
and pre-Pennsylvanian rocks and the permeable lay-
ers within the Pennsylvanian rocks.

Further burial in the deep basins resulted in con-
tinued rapid thermal diagenesis of pre-Pennsylva-
nian rocks. Porosity in fractured dolostone was
selectively enhanced by dissolution. However, in gen-
eral, the intense burial diagenesis decreased the po-
rosity and permeability of older sediments and rocks.
Porosity and permeability decreased in pre-Pennsyl-
vanian limestone beds as they became more ductile
with the increase in depth of burial. Limestone lay-
ers that had previously been relatively permeable
were altered to less permeable confining-unit mate-
rial at depths greater than about 10,000 ft. At shal-
lower depths, porosity and permeability were
reduced by pressure dissolution and recrystallization
as well as compression. Clay layers, such as those
deposited during Late Devonian and Early Mississip-
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pian time, were compacted to shale. Cambrian sand-
stone layers probably were cemented with pore-fill-
ing diagenetic clay.

Burial diagenesis in Arkansas ended with the
complete development of the Ouachita uplift. The ex-
act height of the uplift is unknown. Seismic data
presented by Lillie and others (1983) indicate an up-
lift of about 13,000 ft. A height based on a projected
anticline closure of 17,000 ft is possible (Glick, 1975,
p. 172); however, erosion was rapid, and the height
of the Ouachita Mountains at any time probably was
much less than 17,000 ft.

By the end of the Pennsylvanian Period, most of
the outer structural boundaries that control the
present ground-water flow system were in place. The
very slightly permeable clay formed an extensive
confining system from Pennsylvanian time to
present.

PERMIAN SYSTEM

The Early Permian was a time of decreased tec-
tonic activity as compared with the Middle and Late
Pennsylvanian. However, the effects of major Penn-
sylvanian tectonics were still being felt, and read-
justment to stresses from the Ouachita orogeny was
continuing. Sediments derived from Pennsylvanian
uplifts were being deposited rapidly in the still-sub-
siding Anadarko basin.

The Early Permian environment is believed to
have been arid and hot (Holdoway, 1978, p. 37-39),
and the equator extended across the area (Habicht,
1979; Scotese and others, 1979). The sea during the
Early Permian, as during the Late Pennsylvanian,
was cyclic with alternate recessions and transgres-
sions. Parts or all of eastern South Dakota, eastern
Nebraska, eastern Kansas, eastern Oklahoma, and
probably northwestern Arkansas and western Mis-
souri were low-lying coastal plains during most of
the Early Permian. Thus, sediments and existing
rocks were exposed many times during the Early
Permian. Near the coasts, unconsolidated calcareous
sediments were lithified after exposure.

The eastern boundary of the Early Permian sea,
as shown in figure 25, is shown in eastern Kansas
and eastern Oklahoma. This interpretation differs
somewhat from that of McKee and Oriel (1967, figs.
4, 5), who show the shoreline about 25 to 75 mi east
of the present extent of Permian rocks. In central
Oklahoma, this would have meant that about 5,000
ft of Permian sediments shown by McKee and
Oriel (1967, pl. 7) would have wedged out in about
50 mi, which seems unlikely. Some of the decrease
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in thickness could be natural onlapping onto the ex-
isting uplifted Ozark area. However, if the Ozark up-
lift had been such a dominant positive element, the
adjacent or onlapping sediments present today should
reflect that condition. The rocks today are typically
nearshore but do not include coarse-grained clastics
and arkose. The modified interpretation (fig. 25)
moves the extent of the sea eastward and is more
consistent with conditions at the end of the Pennsyl-
vanian. The eastern extent of the sea shown in figure
25 may be typical for the Early Permian and repre-
sents one position of the sea in its general recessive
trend westward. Similarly the extent of evaporites
was considerably eastward of their present extent
shown in figure 25.

During Early Permian (early Wolfcampian) time,
the seaway to the east through the Ozark area was
most likely closed by regional tilting upward to the
east. The closing of the seaway restricted circulation
and probably created conditions favorable for evapor-
ite deposition in the bay in southern Missouri. Ac-
cordingly, dense sea brines displaced normal marine
pore water in the subjacent strata near the flanks of
the Ozark uplift. However, farther offshore to the
west and south, greater than hydrostatic pore pres-
sure in the underlying sediments undergoing compac-
tion would have prevented the dense brines from
sinking downward to great depths in the subsurface
basin.

By the end of Wolfcampian time, as regional tilting
continued, a positive element, which sloped away
from the Ouachita uplift to the apex of the existing
axis of the Ozark uplift, may have existed. If so, a
topographically controlled regional ground-water sys-
tem may have developed with flow northward to the
Ozark uplift.

Erosional unloading in the eastern part of the
study area caused additional jointing and increased
permeability. Erosion decreased the depth and the
temperature of the buried rocks, thus slowing the
rate of thermal diagenesis of organic material over
much of the eastern part of the study area. However,
the rank of the Pennsylvanian coals along the east-
ern margin of the Ozark and Ouachita areas is in-
dicative of a large degree of thermal diagenesis of
organic material. The origin of the apparently
anomalous heat that caused the diagenesis is un-
known. The rank of coal decreases northward from
anthracite near the Ouachita fold belt to bituminous
in central Missouri (Hendricks, 1935; Damberger,
1974). The mineral zones of the Ozark area are Mis-
sissippi Valley-type deposits; mostly lead and zinc
that were deposited by hydrothermal solution(s) in
permeable zones, such as fractures, joints, and reefs.
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Fluid inclusions in the minerals indicate a saline
source fluid and a depositional temperature of 194—
320 °F (Leach and others, 1985, p. 8). Because the
temperature of mineralization approximately matches
the geothermal gradient implied by the rank of the
coals, it has been speculated that the source of heat
for thermal diagenesis of coals may have been a min-
eralized solution that was the source of the lead and
zinc. Paleomagnetic studies of carbonate rocks by
Beales and others (1980) and McCabe and others
(1983) indicate that this occurred during Late Penn-
sylvanian and Early Permian time.

Tectonic activity in Colorado continued from the
Pennsylvanian into the Permian (MacLachlan, 1967,
p. 86). Arkosic sediments, mostly permeable, contin-
ued to be deposited along the ancestral Front Range
uplift and the Apishapa uplift (fig. 25). Sediments
were deposited in epicontinental marine, marginal,
and continental environments. Neritic sediments of
the eastern part of the study area intertongued with
and overlapped deltaic and alluvial deposits to the
west (Mudge, 1967, p. 97).

Lower Permian sediments in northeastern New
Mexico and the Texas and Oklahoma panhandles in-
clude permeable detritus from the Sierra Grande,
Pedernal, and Amarillo uplifts (not shown in fig. 25).
However, most of the detritus probably originated
from the positive elements (highlands) to the north-
west in Colorado (Dixon, 1967, p. 65).

In Oklahoma, the Anadarko basin continued to
subside, and the Wichita Mountains continued to be
uplifted (Chase and others, 1956, p. 36). Detritus
from the Wichita uplift was the prominent source of
depositional material. The detritus, derived from Pa-
leozoic limestone, dolostone, and Precambrian gran-
ite, was permeable near the uplifts, but permeability
decreased rapidly basinward. In south-central Okla-
homa, about 5,000 ft of sediments of Early Permian
age accumulated. Burial diagenesis was dominant;
compaction forced water from the clay into adjacent
permeable strata. Thermal diagenesis of clay and or-
ganic material yielded water, CO,, and hydrocarbons.
The thickness of Early Permian sediments alone
would have been great enough to sustain thermal di-
agenesis at rates from very slow to moderate of all
pre-Permian rocks. Pre-Pennsylvanian rocks were
buried beneath Permian sediments, and the thick
section of Pennsylvanian rocks underwent compaction
and rapid thermal diagenesis of clay and organic
material. However, little unaltered organic material
remained in pre-Pennsylvanian rocks and thus,
very little additional CO, was produced and selec-
tive enhancement of porosity and permeability was
minimal.
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TaBLE 3.—Generalized correlation of stratigraphic units to geohydrologic units in most of the Ozark subregion

Geohydrologic unit

Principal stratigraphic unit(s)

Time-stratigraphic unit

Western Interior Plains
confining system

Marmaton Group, Cherokee Group, Atokan rocks,
Bloyd Shale, Hale Formation, Morrowan rocks,
Pitkin Limestone, Fayetteville Shale, and Batesville

Middle Pennsylvanian
through Upper
Mississippian

B61

Sandstone (Chesterian)
inafi Moorfield Formation, St. Louis Limestone, Salem
S‘;'I'"g ield Limestone, Warsaw Limestone, Boone Formation,
atgfau St. Joe Limestone Member of Boone Formation, Mississippian
aquiter Keokuk Limestone, Burlington Limestone, and Fern
Glen Limestone
Ozark *Choteau Group and Chattanooga Shale Lower Mississippian
Ozark confining unit P 9 and Upper Devonian
Clifty Limestone, Penters Chert, Lafferty Limestone,
Plateaus St. Clair Limestone, Brassfield Limestone, Cason
Shale, Fernvale Limestone, Kimswick Limestone, Middle
i o Plattin Limestone, Joachim Dolomite, St. Peter Devonian
aquifer ze?frk Sandstone, Everton Formation, Smithville through
aquiter Formation, Powell Dolomite, Cotter Dolomite, Uppermost
Jefferson City Dolomite, Roubidoux Formation, Cambrian
system Gasconade Dolomite, Gunter Sandstone Member of
Gasconade Dolomite, Eminence Dolomite, and
Potosi Formation
St. Francois | Elyins Group, Derby and Doe Run Dolomites, Davis Upper Cambrian
confining Formation
unit
St.azruai?ecrms Bonneterre Dolomite and Lamotte Sandstone Upper Cambrian

Basement confining unit

Mostly igneous and metamorphic rock

Precambrian

*Designated Choteau Limestone by the U.S. Geological Survey.

Chemical analyses of water samples collected from
the St. Francois aquifer in the outcrop area indicate
dissolved-solids concentrations of 220 to 450 mg/L.

St. Francois CoNFINING UNIT

The St. Francois confining unit, the lower of the
two confining units in the Ozark Plateaus aquifer
system, restricts flow between the St. Francois aqui-
fer and the overlying Ozark aquifer at most locations.
The leaky confining unit is composed of very slightly
permeable shale, and slightly permeable siltstone,
dolostone, and limestone. The rocks are part of three
formations in the Upper Cambrian Elvins Group—
the Davis Formation, the Derby Dolomite, and the
Doe Run Dolomite (table 3).

The extent and altitude of the top of the confining
unit are shown on plate 16. Well-log data are insuffi-
cient to define the top of the unit in much of its

extent; however, where there are insufficient data,
contours are drawn so that the altitude of the top of
the St. Francois confining unit is consistently lower
than the top of the overlying Ozark aquifer for which
there are more data. The unit crops out in about a
400 mi? area around the St. Francois Mountains and
dips steeply away from the St. Francois Mountains at
a rate of as much as 150 ft/mi, except to the west
where the dip is more gentle. Most of the small iso-
lated areas within the Ozark subregion where the St.
Francois confining unit is not present in the subsur-
face are coincident with or near areas where the un-
derlying St. Francois aquifer also is not present.

The thickness of the St. Francois confining unit, as
determined from well-log data, ranges from nearly
zero to 730 ft. The maximum thickness of the unit is
in northwestern Arkansas (pl. 17). The confining unit
generally is thicker to the northeast of the St.
Francois Mountains and to the southeast where it
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dips below the Mississippi Alluvial Plain. The unit is
thinner in western Missouri (ranging from 0 to 300
ft), and the stratigraphic rock units pinch out a few
miles west of the Ozark subregion in eastern Kansas
and northeastern Oklahoma. The confining unit thins
abruptly at the St. Francois Mountains where the
confining rocks have been removed by erosion.

The shale content of a confining unit commonly is
used as an indicator of the effectiveness of the confin-
ing unit. Although this generally is a good indicator
because shale is generally less permeable than most
rock types, other factors, such as presence of frac-
tures, can negate the water-impeding ability of the
shale. Shale in the St. Francois confining unit exists
as distinct beds and usually is distributed throughout
the limestone and dolostone mass as thin layers or
beds. Thus, the confining ability of the unit also is
dependent on the degree of cementation of the car-
bonate rock and the abundance of both fractures and
solution openings.

The amount of shale within the St. Francois con-
fining unit ranges from 0 to more than 40 percent
and generally is less than 30 percent (pl. 18). The
Davis Formation contains the largest percentage of
shale of the three geologic formations. The data used
to determine the percentage of shale were derived
primarily from the hundreds of insoluble-residue
analyses on file at the Missouri Division of Geology
and Land Survey. Because the clay is reported to be
from thin clay beds, insoluble-residue results should
represent the percentage of shale. However, most
data used to determine the percentage of shale in
southeastern Kansas and northeastern Oklahoma
were obtained from borehole geophysical logs.

The Davis Formation is not part of the St.
Francois confining unit at isolated locations in west-
central and south-central Missouri. The Davis Forma-
tion thins to the southwest and becomes more clastic
in a facies change to the Reagan Sandstone (Thacker,
1974). The Derby and Doe Run Dolomites are more
uniform in thickness and are part of the confining
unit at nearly all locations.

Generally, substantial secondary porosity and per-
meability have not developed in the limestone and
dolostone of the Davis Formation or in the Derby and
Doe Run Dolomites. The fine-grained nature of the
dolostones is the probable reason for the slight per-
meability of the confining unit even in regions devoid
of shale. However, the confining unit is more likely to
be leaky in these areas as compared to areas with a
large percentage of shale. There is evidence from well
cores that the upper part of the Derby and Doe Run
Dolomites is permeable along a northwest-trending
reef zone passing through south-central Missouri.

REGIONAL AQUIFER-SYSTEM ANALYSIS—CENTRAL MIDWEST

Because the Davis Formation is absent in part of the
reef zone, it is possible that the underlying St.
Francois aquifer and the overlying Ozark aquifer lo-
cally are hydraulically connected. Fracture zones are
evident in the Derby and Doe Run strata and may
increase leakance locally, especially in the vicinity of
faults. However, in Arkansas, the faults mostly have
been sealed.

OzARK AQUIFER

The Ozark aquifer is mostly composed of water-
bearing dolostone and is the most permeable and the
most extensively used aquifer in the Ozark subre-
gion. The aquifer with the exception of the St.
Francois Mountains area, is at land surface or nearly
at land surface throughout most of the area that gen-
erally is termed the “Ozark area” or the “Ozarks.”
The aquifer is accordingly called the Ozark aquifer
because of the association with the Ozarks. The rocks
of the aquifer are fractured dolostone with some lime-
stone, sandstone, chert, and shale. The dolostone con-
tains solution cavities. Sandstone, where it exists as
massive bodies, generally is clean, well sorted, and
permeable; however, in northern Arkansas, it is well
cemented, slightly fractured, and much less perme-
able. The aquifer at most locations, is underlain by
the St. Francois confining unit and overlain by the
Ozark confining unit. The aquifer crops out in a large
area over the Ozark uplift and is a greatly dissected
karst with numerous streams and springs.

Stratigraphically, the aquifer is present in Upper
Cambrian through Middle Devonian rocks (table 3).
The basal formation of the Ozark aquifer is the
Potosi Formation. In eastern Missouri, the upper
boundary of the aquifer is coincident with the base of
the Maquoketa Shale, which usually is underlain by
the Kimmswick Limestone. West and south of the ex-
tensive outcrop area of the aquifer, the base of the Chat-
tanooga Shale is the upper boundary of the aquifer.

The altitude of the top of the Ozark aquifer is
shown on plate 19. Where the aquifer dips into the
subsurface, it is generally overlain by Upper Devo-
nian rocks of the Ozark confining unit; however, in
the north-central part of the Salem Plateau (fig. 44)
the aquifer is in direct contact with as much as 200 ft of
Pennsylvanian shale, which is a confining material.

Near the Fall Line along the Mississippi Alluvial
Plain, the aquifer dips to the southeast at about 45
ft/mi. In eastern Kansas and western Missouri, the
aquifer dips to the west at about 14 ft/mi. A ridge of
the Ozark aquifer extends southwestward and can be
recognized by the surface expression of a chain of is-
land-like outcrops extending from southwest Missouri
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ern Oklahoma. In general, north of the Boston Moun-
tains in Arkansas, regional flow is northward toward
the potentiometric low associated with the White
River drainage. To the south of the Boston Moun-
tains, flow is inferred to be toward the Arkansas
River valley. In this area, the rocks of the Ozark Pla-
teaus aquifer system are beneath a thick confining
system and substantial secondary permeability has
not developed.

Ozark CONFINING UNIT

The Ozark confining unit, the uppermost confining
unit of the Ozark Plateaus aquifer system, restricts
flow between the underlying Ozark aquifer and the
overlying Springfield Plateau aquifer. The Ozark con-
fining unit is named for its position relative to the
underlying Ozark aquifer that it confines. The leaky
confining unit is composed mostly of shale, shaley
limestone, and limestone. The formations generally
included are the Upper Devonian Chattanooga Shale
and the Lower Mississippian Chouteau Group (desig-
nated Chouteau Limestone by the U.S. Geological
Survey) (table 3). Not all of the geologic formations in
the confining unit are present everywhere in the
Ozark subregion. Commonly in the western and
southern part of the subregion, only the Upper Devo-
nian shale and the Lower Mississippian shale and
limestone are included in the confining unit. In ex-
treme eastern Missouri, Ordoviecian, Silurian, and De-
vonian formations are included as part of this
confining unit.

The Ozark confining unit is missing from the
subsurface in small localities in southeast Kansas,
southwest Missouri, northeast Oklahoma, and north-
west Arkansas (pl. 21). The formations of the
confining unit also are absent in the subsurface
throughout a large area in the northern part of the
Salem Plateau and along the Mississippi Alluvial
Plain where the rocks have been removed by erosion.
The altitude of the confining unit ranges from more
than 1,500 ft above sea level at outcrops to more
than 5,000 ft below sea level in the Arkansas River
valley in Arkansas.

The thickness of the Ozark confining unit ranges
from near zero to more than 1,600 ft in the Ozark
subregion (pl. 22). At most locations the unit is less
than 100 ft thick and, therefore, is relatively thin in
comparison to other geohydrologic units in the Ozark
subregion. The confining unit is thinnest in a narrow
west-trending belt from southwest Missouri to south-
east Kansas, where wells penetrate less than 10 ft of
the confining unit. To the south of this belt, the unit
gradually thickens except at scattered locations in
northeast Oklahoma and southwest Missouri where
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the unit is locally absent. The sequence of rocks has
been identified and named as a confining unit on the
basis of regional hydrologic relations. However, local
lithologic and thickness variations can increase the
leakance to the degree that confinement is minimal.
The shale content of the Ozark confining unit, which
is an indicator of the degree of confinement, ranges
from 0 to 100 percent (pl. 23).

Along the northeastern boundary of the Ozark sub-
region, the confining unit is lithologically more com-
plex than elsewhere in the subregion. Limestone
predominates in this area; shale also is present in
significant quantities, and sandstone is present in
minor quantities. The thickness of the major shale
formations may total as much as 100 ft. Many of the
limestone formations also have included shale. In the
northern and northwestern parts of the subregion,
the lithology varies from mostly shale to mostly lime-
stone, depending on the presence or absence of the
three formations of the Chouteau Group (table 3).
Southward, the confining unit is represented solely
by the Chattanooga Shale.

SPRINGFIELD PLATEAU AQUIFER

The Springfield Plateau aquifer is composed of wa-
ter-bearing limestone and is exposed at many loca-
tions on the Springfield Plateau, from which its name
is taken, in southwestern Missouri. The aquifer, ex-
cept along the Fall Line, extends outward from the
outcrop area to the periphery of the Ozark subregion
and dips into the subsurface along the west and
south boundaries of the subregion, where it is over-
lain by nearly impermeable shale layers of the West-
ern Interior Plains confining unit. The aquifer is the
uppermost unit of the Ozark Plateaus aquifer system
and at most locations overlies the Ozark confining unit.

Water from the aquifer is used extensively for
stock and domestic purposes in the outcrop area. The
aquifer also is present in the subsurface south of the
Boston Mountains in Arkansas. In this area, the wa-
ter in the aquifer contains more than 1,000 mg/L dis-
solved solids, probably because near-surface permeability
has not been developed, and thus, the slow-moving water
probably dissolves minerals as it passes through the con-
fining unit. The aquifer south of the Boston Mountains is
unused because of greater dissolved-solids concentrations
and small well yields.

The Springfield Plateau aquifer includes several
Mississippian formations. In northwest Arkansas, the
most permeable zone is in the Boone Formation and
the St. Joe Limestone Member of the Boone. Else-
where, the aquifer includes several minor limestone
formations from the basal Pierson Formation, which
is equivalent to part of the Boone Formation, to the
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uppermost Moorefield Formation. The Moorefield
Formation is included as part of the Springfield Pla-
teau aquifer in northeastern Oklahoma. The shale
content of the Moorefield Formation increases in
northern Arkansas, where the formation is consid-
ered part of the overlying confining unit. In the
southwestern part of the Ozark subregion, the
Springfield Plateau aquifer includes the rocks from
the basal part of the Boone Formation through the
Moorefield Formation. The Boone Formation is simi-
lar to the Burlington and Keokuk Limestones and is
moderately permeable. Outcrops of the aquifer typically
do not form karsts in Oklahoma, but springs have devel-
oped in the solution openings along fractures.

The Springfield Plateau aquifer crops out around
the western and southern perimeter of the Salem
Plateau and along the axis of the Ozark uplift. In
western Missouri, the top of the aquifer dips west to
northwest into the subsurface at about 11 ft/mi (pl.
24). The dip increases to about 30 ft/mi in northeast-
ern Oklahoma near the Kansas border. At the ex-
treme southwest edge of the subregion and beneath
the Boston Mountains in northern Arkansas, the
southward dip of the aquifer is as much as 140 ft/mi.
The aquifer is not present in the area adjacent to the
Mississippi Alluvial Plain (fig. 44) nor in the subsur-
face at two small areas near the western edge of the
Springfield Plateau and at the southern and south-
western edge of the subregion in Arkansas and Okla-
homa. To the west and south, the Springfield Plateau
aquifer is thicker than the relatively uniform thick-
ness of 100 to 400 ft that is present throughout most
of the subregion (pl. 25).

In southwestern Missouri and eastern Kansas, the
more important geologic formations in the aquifer,
due to their relatively greater thickness and perme-
ability, are the Burlington and Keokuk Limestones.
These two formations are both of medium to coarsely
crystalline bedded limestone and contain abundant
gray chert, mainly in the form of nodules. Dissolution
of the very soluble limestone along fractures has cre-
ated an extensive network: of permeable channels,
which in many cases have been enlarged to the point
where the rock matrix has collapsed, producing caves
and other large karst features with extremely large
permeability. The underlying Fern Glen Limestone
and Pierson Formation, which are equivalent to part
of the Boone Formation (pl. 1), are moderately per-
meable but are not as thick as the Burlington and
Keokuk Limestones and do not contain extensive net-
works of solution channels.

Hydraulic-conductivity values from aquifer tests of
the Springfield Plateau aquifer are not available. Es-
timates of hydraulic conductivity based on specific
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capacity generally are not available because nearly
all wells of sufficient diameter to permit measure-
ment of drawdown are open to both the Springfield
Plateau aquifer and the underlying Ozark aquifer.

The Springfield Plateau aquifer is mostly re-
charged at its outcrop areas. In general, water moves
locally from high intervalley recharge areas to low
discharge areas along the streams that dissect the
area. Regionally, lateral flow in the Springfield Pla-
teau aquifer is believed to be similar to that in the
underlying Ozark aquifer. In the western part of the
area, the aquifer receives upward discharge from the
Ozark aquifer. In the eastern part of the outcrop
area, conditions are reversed, and water is dis-
charged downward to the underlying Ozark aquifer.

The Springfield Plateau aquifer is overlain along
the western and southern borders by rock that re-
stricts or confines flow to and from the aquifer. The
overlying confining material is the eastern edge of
the Western Interior Plains confining system, which
is composed of layers of very slightly permeable shale
and of layers of moderately permeable limestone,
sandstone, and coal. The limestone is slightly frac-
tured and has a small permeability, except near land
surface where dissolution has markedly increased
permeability. The same geologic formations compris-
ing the Springfield Plateau aquifer exist near St.
Louis in the northeast corner of the subregion near
the junction of the Missouri and Mississippi Rivers.
These rocks are not in the Springfield Plateau aqui-
fer flow system. They form two local and isolated flow
systems. The rocks have hydraulic characteristics
that are similar to the Springfield Plateau aquifer.
The rocks at this location are about 900 ft thick and
thicken abruptly to the east, attaining a thickness of
more than 1,500 ft within a few miles.

SUMMARY

The 370,000-mi2 study area extends from the foot-
hills of the Rocky Mountains in Colorado to the Mis-
souri and Mississippi Rivers in eastern Nebraska and
Missouri, and from South Dakota to the Quachita,
Arbuckle, and Wichita Mountains of Arkansas and
Oklahoma. This report describes the major regional
aquifers within the study area and their geologic
framework within the Cambrian through the lower
sandstones in the Cretaceous rock section.

From the end of the Precambrian to Late Cam-
brian time, the study area was above sea level, and
an uneven erosional surface had developed. The crys-
talline rock was fractured by the resultant stresses
from large compressive forces from the north and
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south, and northwest- and northeast-trending linea-
ments were formed.

From Late Cambrian through Middle Ordovician
time, a transgressive but cyclic sea covered the area.
The first deposits were mostly permeable sand fol-
lowed by slightly permeable calcareous mud consist-
ing of aragonite and algal remains. During periods of
uplift above sea level or sea-level recession, uplift di-
agenesis occurred, which in general greatly increased
porosity and intrinsic permeability. Uplift diagenesis
includes dissolution of minerals in rocks along frac-
tures, dolomitization of limestone near shorelines
where fresh ground water and salinewater mix, and
extensional fracturing that results from removal of
overburden by erosion. '

During most of Silurian and Devonian time, nearly
the entire area was above sea level, except for south-
ern Oklahoma and northern Arkansas. Again, uplift
diagenesis greatly increased porosity and intrinsic
permeability of the rocks. At the end of the Devonian
or at the beginning of Early Mississippian time, a
transgressing sea covered most of the area, and clay
was deposited.

Calcareous mud was the dominant sediment de-
posited during much of Mississippian time. Tectonic
activity increased as evidenced by uplifts, such as the
Colorado-Wyoming and the Nemaha uplifts. Subsid-
ing basins, such as the Arkoma and Anadarko, re-
ceived large quantities of sediment that covered the
older rocks, thus causing burial diagenesis. Processes
of burial diagenesis include compaction, thermal di-
agenesis of organic materials, thermal diagenesis of
clay, and pressure dissolution at grain contacts with
recrystallization in pores. In general, burial diagenesis
decreased primary porosity and intrinsic permeability;
however, CO,rich water, a product of thermal diagen-
esis, selectively increased secondary porosity and perme-
ability by local dissolution of carbonate minerals.

Tectonic activity reached its maximum during
Pennsylvanian time and decreased during the Per-
mian. Uplifts, such as the Front Range, Apishapa,
Criner, Amarillo, Wichita, Arbuckle, Ouachita,
Ozark, Nemaha, and Cambridge-Central Kansas,
were active. The Arkoma and Anadarko basins con-
tinued to subside and received as much as 20,000 ft
of sediments. The dominant sediment was clay, with
lesser calcareous mud, sand, and evaporite minerals.
During the Permian, the eastern part of the area was
tilted upward; the sea receded; and regional ground-
water flow commenced from east to west. In the
Ozark uplift area, a ground-water flow system began
around the St. Francois Mountains.

During Triassic and Jurassic time, the eastern
part of the study area was above sea level, and uplift
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diagenesis was active again. However, during the
Early Cretaceous, a transgressive but cyclic sea de-
posited permeable sand and slightly permeable clay
over the western and central parts of the study area.
During Late Cretaceous, clay was deposited in thick
layers and burial diagenesis occurred throughout
most of the area. At the end of the Cretaceous and
into the Tertiary, major uplifts, such as the Rocky
Mountains, were formed as part of the Laramide
orogeny. Uplifts in the west accompanied the regional
tilting of the study area downward to the east. Re-
gional ground-water flow from west to east started in
the Lower Cretaceous sandstone and in pre-Pennsyl-
vanian rocks. In the Ozark area, the ground-water
flow system near the St. Francois Mountains contin-
ued to expand as Pennsylvanian and Permian rocks
were removed by erosion.

The geohydrologic units generally correlate with
the regional stratigraphic units, except adjacent to
major structural features and in other areas of com-
plex stratigraphic relations. The major exception is
along and adjacent to the physiographic boundary be-
tween the Interior Plains and the Interior Highlands.
At this location, the Western Interior Plains aquifer
system and the Ozark Plateaus aquifer system are
laterally adjacent. In general, water flow in the West-
ern Interior Plains aquifer system is very slow from
the west to the east. The mostly fresh ground-water
flow system originating in the Ozark Plateaus ex-
tends outward until it meets the saline ground-water
flow system that underlies most of the western part
of the Interior Plains. The approximate boundary of
the transition zone between these two flow systems is
marked by a broad low in the potentiometric surface
that is nearly coincidental with a broad topographic
low. Water in both aquifer systems moves upward to
the water table, springs, or streams in the topo-
graphically low area. The areas underlain by the two
regional flow systems are referred to herein as the
Plains subregion and the Ozark subregion.

The Plains subregion contains three major re-
gional-geohydrologic systems. These systems, in as-
cending order, are the Western Interior Plains
aquifer system, the Western Interior Plains confining
system, and the Great Plains aquifer system, all
overlying the basement confining unit. Overlying
these geohydrologic units are the Great Plains confin-
ing system and the High Plains aquifer.

Rocks of the Western Interior Plains aquifer sys-
tem consist mostly of dolostone, limestone, and shale
of Cambrian through Mississippian age. The geohy-
drologic units in the aquifer system are hydraulically
connected. At most locations, the aquifer units are
permeable and water yielding except in deep basins
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where permeability is greatly decreased. The aquifer
system is several thousand feet thick in the
Anadarko and Arkoma basins. The aquifer system
contains saline water and brine with dissolved-solids
concentrations of about 10,000 to more than 200,000 mg/
L. Intrinsic permeability ranges from 10-11 to 10-17 ft2.

The Western Interior Plains confining system con-
fines water flow to and from the Western Interior
Plains aquifer system at nearly all locations includ-
ing the deep basins. The thick confining system con-
sists of layered shale, limestone, sandstone, and
evaporite deposits of Late Mississippian through Ju-
rassic age. The thickness of the confining system de-
creases from about 20,000 ft in the Anadarko basin to
nearly zero along the periphery of the Ozark Plateaus
where it crops out.

The Great Plains aquifer system overlies the West-
ern Interior Plains confining system and contains two
regional aquifers and one confining unit. Both aqui-
fers are composed predominantly of water-bearing
Lower Cretaceous sandstone and are separated at
most locations by a shale confining unit. Most re-
charge occurs in southeastern Colorado and northeastern
New Mexico. Ground water flows east-northeast from
these western recharge areas to discharge areas in cen-
tral Kansas and eastern Nebraska.

The Apishapa aquifer, the lower of two aquifers in
the Great Plains aquifer system, is composed of per-
meable, slightly cemented, medium-grained to very
fine grained sandstone of the Cheyenne Sandstone
and its equivalents. Aquifer thickness ranges from 0
to 400 ft, but 100 to 200 ft is typical. The Apishapa
confining unit restricts water movement between the
Apishapa aquifer and the overlying Maha aquifer.
The confining unit, which is typically less than 100 ft
thick, mostly is composed of slightly permeable
Kiowa Shale and equivalents. Intrinsic permeability
ranges from 10~13 ft2 in the Denver basin to more
than 10-10 f2,

The Maha aquifer is the upper aquifer of the Great
Plains aquifer system and is more extensive than the
underlying Apishapa aquifer. The Maha aquifer con-
sists of permeable sandstone of the Dakota Sandstone
and its equivalents. Dissolved-solids concentrations
range from about 1,000 mg/L along outcrops in south-
eastern Colorado, central Kansas, and eastern Ne-
braska to more than 20,000 mg/L in western
Nebraska.

The Great Plains confining system overlies and re-
stricts flow to and from the Great Plains aquifer sys-
tem and the overlying High Plains aquifer or to and
from the near-surface water-table aquifer. The confin-
ing system mostly consists of very slightly permeable
Cretaceous shale. The extensive confining system,
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which is more than 8,000 ft thick in the Denver ba-
sin, generally thins eastward.

The Ozark subregion approximately corresponds to
the Ozark Plateaus and adjacent areas of the Interior
Plains and Ouachita physiographic provinces. The
Ozark Plateaus aquifer system, which is underlain by
the basement confining unit, is located within the
Ozark subregion. In general, freshwater flows out-
ward from the central area of the Ozark Plateaus to
the periphery, where the water is discharged upward.
The basement confining unit consists of igneous and
metamorphic rocks that generally are fractured, satu-
rated, and locally yield water to wells.

The St. Franceis aquifer, which is the lowest aqui-
fer of the Ozark Plateaus aquifer system, is composed
of water-bearing Upper Cambrian rocks, mostly sand-
stone that directly overlies the basement. The aquifer
is more than 1,000 ft thick near the Mississippi Allu-
vial Plain, but typically is 200 to 500 ft thick. The St.
Francois confining unit, which overlies and confines
the St. Francois aquifer, is composed of Upper Cambrian
shale, siltstone, dolostone, and limestone, and it is leaky
as it transmits a considerable amount of water.

The Ozark aquifer, the largest and most widely
used aquifer in the Ozark subregion, is composed
mostly of water-bearing Upper Cambrian through
Middle Devonian fractured dolomitic rocks. The aqui-
fer is typically about 1,000 ft thick and is the thickest
unit of the Ozark Plateaus aquifer system. The Ozark
confining unit restricts the movement of water between
the Ozark aquifer and the overlying Springfield Plateau
aquifer. The confining unit includes Upper Devonian and
Lower Mississippian shale.

The Springfield Plateau aquifer is composed of
fractured and water-bearing Mississippian limestone.
Aquifer thickness is as much as 1,500 ft, but thick-
nesses of 100 to 400 ft are typical. The aquifer is
overlain to the west by beds of very slightly perme-
able shale of Pennsylvanian age. The shale confines
or restricts water movement between the Springfield
Plateau aquifer and the water table. At most loca-
tions, such as along the eastern boundary of the
Ozark subregion, the shale restricts upward flow
from the Springfield Plateau aquifer. Pennsylvanian
shale also overlies the aquifer south of the Boston
Mountains. In this area permeability of the aquifer
material is very slight, and the quantity of water
flowing to the south is very small.
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