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FOREWORD

The Ground Water Atlas of the United States presents a comprehensive summary of the
Nation's ground-water resources, and is a basic reference for the location, geography, geology,
and hydrologic characteristics of the major aquifers in the Nation. The information was col-
lected by the U.S. Geological Survey and other agencies during the course of many years of
study. Results of the U.S. Geological Survey's Regional Aquifer-System Analysis Program, a
systematic study of the Nation's major aquifers, were used as a major, but not exclusive, source
of information for compilation of the Atlas.

The Atlas, which is designed in a graphical format that is supported by descriptive discus-
sions, includes 13 chapters, each representing regional areas that collectively cover the 50
States and Puerto Rico. Each chapter of the Atlas presents and describes hydrogeologic and
hydrologic conditions for the major aquifers in each regional area. The scale of the Atlas does
not allow portrayal of minor features of the geology or hydrology of each aquifer presented, nor
does it include discussion of minor aquifers. Those readers that seek detailed, local information
for the aquifers will find extensive lists of references at the end of each chapter.

An introductory chapter presents an overview of ground-water conditions Nationwide and
discusses the effects of human activities on water resources, including saltwater encroachment

and land subsidence.
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CONVERSION FACTORS

ATLAS ORGANIZATION

For readers who prefer to use the International System (SI) units, rather than the inch-
pound terms used in this report, the following conversion factors may be used:

Multiply inch-pound units By To obtain metric units B
Length Chapter content
inch (in) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km) = Introductory material and nationwide summaries
1 California, Nevada

Area : ;
square mile (mi?) 2.590 square kilometer (km?) 2 Arizona, Colorado, New Mexico, Utah

- 3 Kansas, Missouri, Nebraska

ow
4 Oklahoma, Texas
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m?/s) » o
gallon per minute (gal/min) 0.06309 liter per second (L/s) 5 Arkansas, Louisiana, Mississippi
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m?3/s) 6 Alabama, Florida, Georgia, South Carolina
billion gallons per day (Bgal/d) 3.785 million cubic meters per day (Mm?/d) 7 Idaho, Oregon, Washington
Transmissivity 8 Montana, North Dakota, South Dakota, Wyoming
foot squared per day (ft?/d) 0.0929 meter squared per day (m?/d) 9 lowa, Michigan, Minnesota, Wisconsin
Temperature 10 Illinois, Indiana, Kentucky, Ohio, Tennessee
degree Celsius (°C) 9/5 (°C)+32=°F degree Fahrenheit (°F) 1l Delaware, Maryland, New Jersey, North Carolina,
Pennsylvania, Virginia, West Virginia

Sea Level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD 12 Connecticut, Maine, Massachusetts, New Hampshire,
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both New York, Rhode Island, Vermont
the United States and Canada, formerly called Sea Level Datum of 1929. 13 Alaska, Hawaii, Puerto Rlco
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The Ground Water Atlas of the United States is divided into 14 chapters. Chapter A presents
introductory material and nationwide summaries; chapters B through M describe all
principal aquifers in a multistate segment of the conterminous United States; and chapter
N describes all principal aquifers in Alaska, Hawaii, and Puerto Rico.
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INTRODUCTION

This report provides a summary of ground-water condi-
tions and problems in lllinois, Indiana, Kentucky, Ohio, and
Tennessee, which compose Segment 10 of the Ground Water
Atlas of the United States, an area of about 217,000 square
S miles. The definition, distribution, thickness, water-yielding,
Re g lo n al and water-quality characteristics of the principal aquifers in the
segment are the primary topics of this chapter. Ground-water
source, occurrence, movement, use, and problems also are
discussed where appropriate.
S m m a r Segment 10 consists of parts of seven physiographic prov-
u y inces (fig. 1)— the Coastal Plain, Blue Ridge, Valley and Ridge,
Appalachian Plateaus, Interior Low Plateaus, Central Lowland,
and Ozark Plateaus. The provinces have unique hydrogeologic

characteristics that make it convenient to describe the princi-
pal aquifers in each province.

EXPLANATION
Physiographic provinces

Central Lowland

Interior Low Plateaus

[l

¥

- Appalachian Plateaus
[ Valley and Ridge

e | Coastal Plain

- Blue Ridge

[

Ozark Plateaus

SCALE 1:7,500,000

0 50 100 MILES
0 50 100 KILOMETERS

Base modified from U.S. Modified from Fenneman
Geological Survey digital and Johnson, 1946
data, 1:2,000,000, 1972

Figure 1. Parts of seven physiographic provinces, each with
unique hydrogeologic characteristics, compose Segment 10.

EXPLANATION

Average annual precipitation
(1951-80), in inches

40

48 SOURCE OF GROUND WATER

56

64 The upper part of the rock mass that underlies Segment
10 generally contains fresh ground water, whereas the inter-
. mediate and lower parts generally contain saltwater. Freshwater

——48—— Line of equal average annual s . . . .
precipitation (1951-80)— - is here defined as water that contains dissolved-solids concen-
Interval, in inches, is variable trations of 1,000 milligrams per liter or less; the term “salt-
water” is applied to water with dissolved-solids concentrations
of greater than 1,000 milligrams per liter. For comparison, dis-
SCALE 1:7,500:000 solved-solids concentrations in seawater are about 35,000
50 100 MILES milligrams per liter. Water with concentrations of dissolved
20 100 KILOMETERS solids of greater than 35,000 milligrams per liter is called brine.
Base modifisd from LS. Modified from U.S. The source of the freshwater in Segment 10 is precipita-
e ey e ' tion, primarily rain and snow. Long-term average annual pre-
cipitation in Segment 10 ranges from about 36 inches in the

Figure 2. Average annual precipitation (1951-80) in Segment 'norther'n pat of Hinols, lndlar.la, aml Ohio 15 rr.lo‘r 8 t_han o0
10 ranges from about 36 inches in the northern parts of lllinois, inches in eastern Tennessee (fig. 2). Of the precipitation that

Indiana, and Ohio to about 80 inches in eastern Tennessee. falls on the five-State area, about 50 to 70 percent is returned

Precipitation generally increases from northwest to southeast to the atmosphere by evaporation from surface-water bodies

across the segment and is greatest in mountainous areas. and transpiration by plants. Much of the remainder constitutes
runoff.

Long-term average annual runoff ranges from about 10
inches in some of the northern parts of the area to about 30
inches in some parts of central and southeastern Tennessee
(fig. 3). Part of the runoff is direct surface runoff, and part is
water that infiltrates the land surface, percolates to the water
table, recharges the ground-water system, and moves through
aquifers to discharge into streams as base flow.

Most of the precipitation that percolates downward and
becomes ground-water recharge circulates through the shal-
low aquifers; only a small part enters the deep aquifers. An-
nual ground-water recharge is estimated to range from about
1 inch in parts of lllinois where precipitation is least and the
permeability of the soil and rock at the land surface is low to
as much as 13 inches in parts of Tennessee where precipita-
tion is greatest and the permeability of materials at the land
surface is high.

EXPLANATION Saltwater is present at depths of 500 feet or less in much
FORp—— of Segment 10, particul.arly in aquifers in Paleozoic rocks. The

(1951-80), in inches source of the saltwater is assumed to be a combination of the
fresh ground water and the seawater in which the rocks were
deposited or by which they were later invaded. The dissolved-
15 solids concentration in the saltwater increases with depth and
20 reaches brine concentration in some parts of the segment. The
25 brine might be derived from the solution of evaporite depos-
30 its or from ionic filtration by clay or shale beds during the proc-

ess of sediment compaction or both.

10

— 15— Line of equal average annual
runoff (1951-80) —Interval,
in inches, is variable

SCALE 1:7,500,000
0 50 100 MILES

0 50 100 KILOMETERS

Base modified from U.S. Modified from Gebert
Geological Survey digital and others, 1987
data, 1:2,000,000, 1972

F ig ure 3. Average annual runoff (1951-80) in Segment 10
ranges from about 10 to 30 inches per year. Like precipitation,
runoff generally increases from northwest to southeast across
the segment and is greatest in the mountainous areas.
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Figure 4. Aquifers in unconsolidated sand and gravel deposits overlie aquifers in
semiconsolidated and consolidated rocks in large parts of Segment 10. Most of the sand
and gravel aquifers are north of Kentucky. The most productive aquifers in the uncon-
solidated deposits consist of coarse, well-sorted, stratified glacial deposits.

EXPLANATION

Surficial aquifer system

Sand and gravel aquifers at or near land surface,
and alluvium along streams and rivers—
Patterned area shows Mississippi River Valley
alluvial aquifer

Sand and gravel aquifers buried beneath
finer grained material

Surficial deposits generally less than 100 feet
thick, and the occurrence of sand and gravel
aquifers difficult to locate

Southern limit of glaciation

PRINCIPAL AQUIFERS

The rocks that underlie Segment 10 are divided into the
different geohydrologic units (aquifers and confining units)
shown in figures 4 and 5. These aquifers and confining units
are grouped according to the physiographic provinces shown
in figure 1 and are described in general accordance with these
physiographic provinces.

Throughout Segment 10, the rocks that compose aqui-
fers and confining units generally are divided into three types
according to their degree of consolidation—the Precambrian
and Paleozoic rocks are consolidated, the Cretaceous and
Tertiary rocks generally are semiconsolidated, and the Qua-
ternary deposits generally are unconsolidated. Exceptions are
where carbonate cements have been dissolved from Paleozoic
sandstone beds, which leaves them partly unconsolidated and
friable, and where the younger unconsolidated deposits have
been partly cemented or lithified. The consolidated rocks gen-
erally are covered with younger unconsolidated deposits or
unconsolidated regolith derived from weathering of the con-
solidated rocks.

Unconsolidated, coarse-grained deposits of Quaternary
age (primarily of glacial origin) compose principal aquifers that
cover the Paleozoic rocks throughout most of the Central Low-
land and the northern parts of the Interior Low Plateaus and
Appalachian Plateaus Physiographic Provinces (figs. 1 and 4).
Coarse-grained alluvium that has been derived from glacial
material and deposited along present or buried major stream
channels constitutes aquifers in the same areas. A band of al-
luvium parallel to the Mississippi River in westernmost Ken-
tucky and Tennessee also composes an aquifer. Where the
glacial deposits consist of coarse, well-sorted sand and gravel,
they constitute some of the most productive aquifers in Seg-
ment 10. These unconsolidated deposits are collectively called
the surficial aquifer system.

Semiconsolidated rocks of Cretaceous and Tertiary age
compose principal aquifers in the Mississippi Embayment
section of the Coastal Plain Province (figs. 1 and 5). Consoli-
dated rocks of Paleozoic age compose principal aquifers in the
Central Lowland, the Interior Low Plateaus, the Appalachian
Plateaus, the Valley and Ridge, and the Ozark Plateaus Prov-
inces. Consolidated rocks of Precambrian age compose prin-
cipal aquifers of the Blue Ridge Province.
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Base modified from U.S. Geological Survey digital data,
1:2,000,000, 1972 Albers Equal-Area Conic projection
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EXPLANATION

Approximate location of arch and dome axis

S Tl B Approximate location of basinor embayment —
Hachures indicate central part of basin

Figure 6. The arches, domes, and structural basins
in Precambrian rocks and in the overlying Paleozoic
sedimentary rocks of Segment 10 were created by
tectonic forces. Aquifers in the Paleozoic sedimentary
rocks are near the land surface over the arches and
domes and are deeply buried in the structural basins.
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GEOLOGIC SETTING

To a large extent, the geology of the area controls the
occurrence, movement, availability, and quality of the ground-
water resources. Thus, a basic understanding of the geology
is necessary to understand the ground-water hydrology.

Precambrian igneous, metamorphic, and sedimentary
rocks are at the land surface in the Blue Ridge Province in
eastern Tennessee. Elsewhere in Segment 10, Precambrian
igneous and metamorphic rocks are buried beneath younger
rocks. The top of the Precambrian rocks is about 1,000 feet
below sea level in northern Illinois and is about 15,000 feet
below sea level at the junction of lllinois, Indiana, and Kentucky.

A thick sequence of consolidated sedimentary rocks of
Paleozoic age overlies the Precambrian rocks. These sedimen-
tary rocks are primarily siltstone, shale, sandstone, limestone,
and dolomite. Tectonic forces warped the deeply buried Pre-
cambrian rocks and created arches, domes, structural basins,
and fracture systems in the overlying Paleozoic rocks (fig. 6).
On the crests and flanks of the arches and domes, freshwater
can be obtained from water-yielding rocks that are either ex-
posed at the land surface or buried at shallow depths. The
same water-yielding rocks are deeply buried in the structural
basins and mostly contain saltwater or brine.

25 50 75 100 KILOMETERS




The distribution of the Paleozoic rocks in the area is con-
trolled by the position of the arches, domes, structural basins,
and associated faults. The oldest Paleozoic rocks (Cambrian)
are at the land surface between northeast-trending thrust faults
in the Blue Ridge and the Valley and Ridge Provinces in east-
ern Tennessee. Cambrian strata also subcrop below Quater-
nary deposits and locally crop out in a small area south of a
normal fault in northern lllinois (fig. 7). Ordovician rocks ei-
ther are at the land surface or subcrop over the arches and
domes, where rocks younger than Ordovician were either
eroded or never deposited. The youngest Paleozoic rocks
(Pennsylvanian and Permian) are present in the areas coinci-
dent with the structural basins (figs. 6 and 7). Pennsylvanian
strata are present in the lllinois Basin in central and southern
lllinois, southwestern Indiana, and northwestern Kentucky.
Pennsylvanian and Permian strata are present in the Appala-
chian Basin in southeastern Ohio, whereas only Pennsylvanian
strata are present in the same basin in eastern Kentucky and
east-central Tennessee.

The Paleozoic rocks are covered by sedimentary rocks of
late Mesozoic and Cenozoic age in the Mississippi Embayment
section of the Coastal Plain Province in the western parts of
Kentucky and Tennessee and in southern lIllinois (figs. 1 and
7). These Coastal Plain deposits thicken from less than 100
feet near their northern and eastern limits to about 3,000 feet
at the southwestern tip of Tennessee. The deposits are primar-
ily semiconsolidated layers of clay, silt, and sand.

In the northern part of Segment 10, the Paleozoic rocks
are covered by Quaternary deposits, which consist of differ-
ent combinations of clay, silt, sand, and gravel. Most of these
materials were deposited by the ice of continental glaciers that
covered large parts of North America during the Pleistocene
Epoch or by meltwater from the ice. The southern limit of gla-
ciation (fig. 7) marks the general southern extent of these
deposits in Segment 10, but meltwater deposits are present
south of this limit along the Ohio River and many of its tribu-
taries.

The distribution of the different geologic units at depth is
shown by the geologic sections in figure 8. From this perspec-
tive, the effects of arches, domes, structural basins, and asso-
ciated faults on the distribution of the rocks in Segment 10 are
more apparent.

EXPLANATION

semiconsolidated

Quaternary deposits
Cenozoic

e H
Mesozoic {-

[
ol

Tertiary rocks
Cretaceous rocks

Geologic units that are primarily consolidated
Permian rocks

Pennsylvanian rocks

Mississippian rocks
Devonian rocks

Paleozoic <
Silurian rocks

Ordovician rocks

Ordovician and Cambrian rocks

Cambrian rocks

Precambrian { Precambrian rocks

Contact
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4 A A Thrust fault—Sawteeth on upper plate
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Quaternary glacial deposits, except in the
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extreme northwestern corner of lllinois (Driftless Area)

Figure 7. A simplified geologic map shows the extent of
the major rock units in Segment 10. The younger rocks are as-
sociated with structural basins. Older rocks are associated with
a fault in northern lllinois and the axes of arches or domes in the
central part of the area. The oldest rocks exposed are associated

Driftless Area

Base modified from U.S. Geological Survey
digital data, 1:2,000,000, 1972

FRESH GROUND-WATER
WITHDRAWALS

Ground water is a reliable source of freshwater for about
15 million people, or 44 percent of the total population, in the
five-State area of Segment 10. Public water-supply systems
provide water to twice as many people as do domestic wells.
During 1985, the people of lllinois used the most ground water
(about 930 million gallons per day), and those in Kentucky
used the least (about 205 million gallons per day). These data
provide an indication of the magnitude of the fresh ground
water withdrawn by public and rural water-supply systems.

Fresh ground-water withdrawals during 1990 in Segment
10 are illustrated by county in figure 9. The total withdrawal
values shown in figure 9 account for all categories of water
use—public supply, domestic and commercial, agricultural,
and combined industrial, mining, and thermoelectric power.
Withdrawals are greatest near large population centers or ar-
eas where industry is concentrated or both. Most of the areas
of large withdrawals in Segment 10 are in lllinois, Indiana, and

: llie Interior Low Appalachian
Central Lowland | Plateaus —___ > | < Plateaus —
A
Feet
4,000 .
Figure 9. Four major
irins Bt Boaak centers of fresh gr'ound-water
2,000 Fault System \ withdrawals are in the counties
that include Chicago, Ill.; South
Bend, Ind.; Dayton, Ohio; and
Sea level Pine Mountain Memphis, Tenn. Nearly 80 per-
Thrust Fault cent of the fresh ground water
2000 pumped from the aquifers in
i Bales Thrust Segment 10 during 1990 was
Fault withdrawn in lllinois, Indiana,
4,000 — and Ohio.
6,000 —
8,000 —| EXPLANATION
Fresh ground-water withdrawals
10,000 during 1985, in million
. gallons per day
Interior Low
Plateaus Ozark Plateaus
/ Coastal
Central Lowland > |<—>|<—> - Plain
A D
Feet Ke, T e
21000 7 '”tlfcky ®NNesseq Mlsslssippi - 50 to 500
linojg Kenulcky
Sea level - \ et
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8,000 —
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12,0

VERTICAL SCALE GREATLY EXAGGERATED

Modified from Bownocker, 1947; Patton, 1956; Cushing
and others, 1964; Hardeman and others, 1966;
Willman,1967; McDowell and others, 1981

Figure 8. The distribution
and thickness of the rocks vary
considerably throughout Seg-
ment 10 and are largely con-
trolled by the arches, domes,
structural basins, and asso-
ciated faults in the segment.
The lines of section are shown
in figure 7.

EXPLANATION
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Ohio. The four largest withdrawal areas are located around
Chicago, lll., South Bend, Ind., Dayton, Ohio, and Memphis,
Tenn. The rate of fresh ground-water withdrawals from the
principal aquifers in Segment 10 during 1985 is shown in fig-
ure 10. During 1985, about 1,488 million gallons per day was
withdrawn from the surficial and buried sand and gravel aqui-
fers in deposits of Quaternary age, which are located prima-
rily along and north of the Ohio River. These aquifers supplied
about 3 to 125 times as much water as other aquifers in the
segment and yielded about one-half of the total fresh ground
water withdrawn. Other productive aquifers or aquifer systems
that supplied at least 300 million gallons per day during 1985
are the limestone and dolomite aquifers in rocks of Devonian
and Silurian age (about 488 million gallons per day), the Cam-
brian—Ordovician aquifer system (about 396 million gallons per
day), and the Mississippi embayment aquifer system (about
308 million gallons per day). The Mississippi embayment
aquifer system is the principal source of fresh ground water for
the westernmost parts of Kentucky and Tennessee. During
1985, the total ground water withdrawn from all the aquifers
in Segment 10 was about 2,972 million gallons per day.
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Figure 10. Nearly 50 percent of the total fresh ground water
withdrawn in Segment 10 during 1985 was pumped from the sand
and gravel aquifers in deposits of Quaternary age that compose the
surficial aquifer system. About 40 percent was withdrawn
collectively from the carbonate-rock aquifers in
Devonian and Silurian strata, the Cambrian —
Ordovician aquifer system, and the
Mississippi embayment
aquifer system.
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INTRODUCTION

The aquifers of the Central Lowland Physiographic Prov-
ince consist of unconsolidated sand and gravel deposits of
Quaternary age (fig. 11) and consolidated sandstone, lime-
stone, and dolomite of Paleozoic age (fig. 12). The principal
aquifers in Paleozoic rocks primarily are sandstone of Penn-
sylvanian age, limestone and sandstone of Mississippian age,
dolomite and limestone of Devonian and Silurian age, and
sandstone and dolomite of Ordovician and Cambrian age (fig.
13).

The geologic and hydrogeologic nomenclature used in
this chapter differs from State to State because of independent
geologic interpretations and varied distribution and lithology
of rock units. A fairly consistent set of nomenclature, however,
can be derived from the most commonly used rock and aqui-
fer names. Therefore, the nomenclature used in this report is
essentially a synthesis of that of the U.S. Geological Survey,
the lllinois State Geological Survey, the Illinois State Water
Survey, the Indiana Geological Survey, the Kentucky Geologi-
cal Survey, the Ohio Geological Survey, and the Tennessee
Department of Conservation, Division of Geology. Individual
sources for nomenclature are listed with each correlation chart
in this chapter.

The Central Lowland Province in Segment 10 is charac-
terized by a low-relief surface formed by glacial till, outwash

plains, and glacial-lake plains. Long, low, arcuate ridges, which -

were formed by recessional moraines and generally are con-
cave to the north, are common features on these plains. The
glacial deposits that compose the ridges and plains have com-
pletely buried the preglacial topographic features of most of
the segment. Parts of the buried bedrock valleys, such as the
Mahomet Valley section of the buried Teays—Mahomet bedrock
valley system in central lllinois (fig. 11), contain unconsoli-
dated deposits of sand and gravel that constitute productive
aquifers. The Paleozoic rocks that underlie the glacial depos-
its dip gently away from the axes of the Cincinnati, the Kan-
kakee, and the Findlay Arches and the southern extension of
the Wisconsin Arch (fig. 6) into structurally low areas, such
as the lllinois, the Michigan, and the Appalachian Basins. On
the arches and domes, the older Paleozoic rocks directly un-
derlie the glacial deposits near the axes of the folds; in the
structural basins, the younger Paleozoic rocks are directly be-
neath the glacial materials near the centers of the folds.
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Figure 12. Aquifers in consolidated rocks of the Central

Lowland Province are primarily sandstone,

limestone, and

dolomite that range in age from Pennsylvanian to Cambrian.

Mississippian aquifers—Limestone and sandstone
in rocks of Mississippian age

Silurian-Devonian aquifer —Dolomite and limestone
in rocks of Devonian and Silurian ages

Cambrian-Ordovician aquifers—Sandstone and
dolomite in rocks of Ordovician and Cambrian ages
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Figure 11. Aquifers in unconsolidated deposits of the Central
Lowland Province in Segment 10, which are collectively called the
surficial aquifer system, mostly are composed of sand and gravel
deposits of glacial origin that occur at or near the land surface.

In places, these coarse-grained deposits are buried beneath finer
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Modified from U.S. Geological Survey, 1985;
Soller, 1986; and unpublished maps by David R. Soller
in the files of the U.S. Geological Survey, 1988

EXPLANATION
Sand and gravel deposits—Generally of glacial origin
At or near land surface

Buried beneath finer grained material

Surficial deposits less than 100 feet thick—Sand and
gravel aquifers are difficult to locate

Central Lowland Province boundary

Approximate axis of buried Teays-Mahomet Valley

grained material. The buried Teays—Mahomet Valley, whose loca-

tion does not coincide with that of modern-day streams, is filled

in places with thick deposits of sand and gravel.

The depth to which freshwater circulates in the consoli-
dated rocks depends on a number of factors, including the per-
meability of the aquifers in the consolidated rocks, and on the
number, thickness, and permeability of confining units that are
present in the consolidated rocks and in the overlying uncon-
solidated deposits. For example, the freshwater flow system is
deep in northern lllinois where the aquifers in consolidated
rocks of Ordovician and Cambrian age transmit water from
aquifer outcrop and shallow subcrop areas in central Wiscon-
sin to depths of about 2,000 feet in the Chicago, Ill., area. A
freshwater flow system also exists in the aquifers in dolomite
and limestone of Devonian and Silurian age in the eastern part
of the segment in Indiana and Ohio. In contrast, the aquifers
in limestone and sandstone of Mississippian age are saturated
with saltwater in Illinois and Indiana, except in areas where
these rocks crop out. The aquifers in Mississippian rocks in
lllinois and Indiana mostly are overlain by Pennsylvanian rocks
that are interlayered shale, siltstone, sandstone, limestone, and
coal. The interlayered shale and siltstone form confining units
that impede the downward movement of the freshwater and the
flushing of saltwater from the underlying aquifers in Mississip-
pian rocks.

Unconsolidated glacial deposits of Quaternary age over-
lie the consolidated Paleozoic rocks throughout most of the
Central Lowland Province in Segment 10. However, Silurian and
Ordovician rocks are at the land surface in the Driftless Area
in northwestern lllinois, and rocks of Pennsylvanian through
Ordovician age are at the land surface along the boundary be-
tween the Central Lowland and the Ozark Plateaus Provinces
in southwestern lllinois.

The unconsolidated Quaternary deposits are saturated
with freshwater throughout the segment. The water moves
through the void spaces between the mineral grains and rock
particles that constitute the deposits. The upper part of the
consolidated Paleozoic rocks that underlie the Quaternary
deposits also is saturated with freshwater, which moves through
primary pore spaces in some of the sandstone units and
secondary openings, such as fractures and bedding planes, in
all the consolidated rocks. In limestone and dolomite, these
secondary openings are often enlarged by the dissolution of

Location of section—Number indicates figure in
which section is shown

the carbonate rocks. As a consequence of this enlargement,
the limestone and dolomite form the most productive aquifers
in consolidated rocks in the segment.

SURFICIAL AQUIFER SYSTEM

Some of the most productive aquifers in the Central Low-
land Province in Segment 10 consist of Quaternary sand and
gravel deposits (fig. 11). These deposits, which are collectively
called the surficial aquifer system, supply more than 50 per-
cent of the fresh ground water withdrawn in the segment. The
Quaternary deposits primarily are material of glacial origin.
Even the Holocene alluvium present in some river valleys
mostly is derived from reworked glacial deposits. The differ-
ent combinations of clay, silt, sand, and gravel that compose
the glacial material were deposited during at least three stages
of advance and retreat of the ice. In places where they were
directly emplaced by the ice, these deposits, called till, are
poorly sorted mixtures of clay, silt, sand, gravel, and boulders
and generally are not productive aquifers. In other places, sedi-
ments deposited by glacial meltwater consist of coarse sand
and gravel that are productive aquifers.

The range in thickness of the Quaternary deposits in the
northern part of Segment 10 is shown in figure 14. The thick-
ness of the deposits ranges from less than 100 feet in most of
the segment to between 400 and 600 feet in buried bedrock
valleys. The thickest deposits are mostly in west-central Ohio,
northeastern Indiana, and northern and central Illinois.

Most of the principal sand and gravel deposits that are
known to constitute aquifers are shown in figure 11. These
coarse-grained deposits have been divided into two categories:
deposits that are at or near land surface and those that are
buried beneath fine-grained material. Sand and gravel deposits
at or near land surface mostly are in the present river valleys
and upland areas. Those deposits buried beneath fine-grained
material are in former river valleys (valleys cut into bedrock)
that have been filled with glacial material, such as the buried
Teays—Mahomet Valley that extends through parts of Illinois,
Indiana, and Ohio.
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F ig ure 13. Aquifers in unconsolidated sand and gravel of Quaternary age compose the surficial
aquifer system which overlies aquifers in consolidated rocks that range in age from Pennsylvanian to
Cambrian. Some rocks that are considered to be aquifers in one part of the segment either are missing or
become fine grained and are confining units in other parts of the segment. Different names are applied to

the aquifers in different States. The light gray areas represent missing rocks.
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Figure 14. The thickness of the Quaternary deposits that
compose the surficial aquifer system ranges from less than 100
feet throughout most of Segment 10 to more than 400 feet in
buried bedrock valleys.

Southern limit of glaciation



Hydrogeologic Setting

The lateral extent, thickness, and hydraulic characteris-
tics of each of the numerous sand and gravel aquifers and clay
and silt confining units that make up the surficial aquifer sys-
tem are difficult to map at a regional scale because the distri-
bution of the sediments is extremely complex. Consequently,
examples from different areas within the Central Lowland Prov-
ince in Segment 10 are used to illustrate the similarities and
differences in the hydrology of these deposits.

The sand and gravel aquifers of the surficial aquifer sys-
tem are present in different hydrogeologic settings. Aquifers
that consist of glacial deposits are in buried river valleys, such
as the Mahomet Valley in central lllinois (fig. 15); glacial out-
wash plains, such as the one in northern Lagrange County, Ind.
(fig. 16); and ancestral river valleys, such as the one along the
Great Miami River in Butler County, Ohio (fig. 17). The thick
Quaternary sand and gravel deposits along the Mississippi
River near East St. Louis, St. Clair County, Ill. (fig. 18), repre-
sent alluvium deposited by the ancestral Mississippi River.
Much of this alluvium consists of eroded and reworked glacial
deposits.

The occurrence and movement of the ground water is
somewhat different in the four hydrogeologic settings shown
in figures 15 through 18. In the buried bedrock valley setting
(fig. 15), the shallow sand and gravel aquifers are isolated from
direct recharge and discharge by overlying clay and silt depos-
its that compose local confining units. Under natural condi-
tions, most of the water that recharges these shallow aquifers
moves along short flow paths and discharges to local streams.
The remainder of the water circulates into the deeper sand and
gravel that fills the buried Mahomet Valley. Where wells with-
draw water from the deeper sand and gravel aquifers, more of
the recharge water is drawn into the deeper deposits. Water is
transmitted rapidly to wells completed in the shallow, isolated
sand and gravel aquifers, but the long-term yield of the wells
is limited by the volume of recharge that passes through the
surrounding clay and silt deposits. Small volumes of water
might flow from bedrock into the sand and gravel aquifers.

F ig ure 17. Two separate aquifers, which range from 50 to 100
feet thick, are present in northeastern Butler County, Ohio, where
the present and ancestral courses of the Great Miami River coincide
(A). Where the courses diverge (B), only one aquifer might be pres-
ent. The locations of the sections are shown in figure 11.

EXPLANATION

In the glacial outwash plain setting (fig. 16), the sand and
gravel aquifers commonly are at the land surface and receive
recharge directly from precipitation. Under natural conditions,
water in the upper part of the glacial deposits discharges to
local streams, lakes, or wetlands; however, water in the deeper
parts of the sand and gravel deposits flows beneath local
streams and lakes and discharges to larger streams that are
regional drains. Large yields are possible from wells completed
in the glacial outwash aquifers, particularly where the aquifers
have a direct hydraulic connection to streams and lakes and
the wells are located near these surface-water bodies.

Parts of the hydrogeologic setting in figure 17 are simi-
lar to the settings illustrated by figures 15 and 16. The upper
sand and gravel aquifer in figure 17A is recharged directly by
precipitation and has a direct hydraulic connection to the Great
Miami River, similar to the aquifer-lake connection shown in
figure 16. This direct connection increases the potential for
large volumes of recharge to move toward nearby pumping
wells. The recharge is obtained partly by induced infiltration
of water from the river. The deeper buried sand and gravel
aquifers shown in figure 17B are isolated from direct recharge
and discharge by overlying clay and silt confining layers, a
situation similar to that shown in figure 15.

The sand and gravel deposits in the Mississippi River
Valley (fig. 18) are somewhat isolated from direct recharge but
have a direct hydraulic connection to the river. Under natural
conditions, recharge percolates downward through clay and silt
confining units and then mostly moves through the sand and
gravel deposits to discharge at the river. Wells near the river
capture some of the flow and also might obtain some water
by induced infiltration of water from the river.

Published reports on the sand and gravel deposits of the
surficial aquifer system indicate that individual units range from
less than 1 to about 300 feet in thickness. The thickest aqui-
fers shown in this chapter are in the glacial outwash plain (fig.
16) in northern Lagrange County, Ind., and in the buried Ma-
homet Valley in central lllinois.
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Figure 16. sand and gravel aquifers receive recharge at the
land surface in the glacial outwash plain of Lagrange County in
northern Indiana. The interconnected aquifers have a thickness
of about 300 feet in the eastern part of the section. The location
of the section is shown in figure 11.
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Fi igure 18. The thickest stream valley alluvial aquifer is pres-
ent in the Mississippi River Valley at East St. Louis, Ill. The aquifer
is about 100 feet thick and is hydraulically connected to the Chain
of Rocks Canal and the Mississippi River. The location of the section
is shown in figure 11.
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Fi ig ure 19. The altitude of the potentiometric surface of the
surficial aquifer system in the upper part of the Wabash River Basin,

Ind., reflects the land-surface altitude. The gradient of the potentiomet-

ric surface ranges from about 5 to about 50 feet per mile. In general,
the ground water moves toward and discharges to local streams.
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Generalized Ground-Water
Movement

Although ground water in the surficial aquifer system is
under water-table, or unconfined, conditions in many places,
artesian, or confined, conditions exist in places where inter-
bedded clay or silt compose local confining units. Together,
water-table and artesian water levels compose the potentiomet-
ric surface of an aquifer. The difference in the altitude of the
potentiometric surface over a unit horizontal distance is called
the hydraulic gradient. Ground water moves through an aqui-
fer in a direction generally parallel to the hydraulic gradient.
The movement generally is perpendicular to the lines of equal
altitude of the potentiometric surface.

A local example of the configuration of the potentiometric
surface of the surficial aquifer system and its relation to inter-
stream recharge areas and stream-valley discharge areas is
shown in figure 19. In this example, the altitude of the poten-
tiometric surface in the upper part of the Wabash River Basin
in northeastern Indiana ranges from less than 600 to more than
1,100 feet above sea level. The regional hydraulic gradient in
the basin is about 5 feet per mile, whereas local gradients are
as much as 50 feet per mile. The direction of ground-water
movement shown in figure 19 is typical of that in the surficial
aquifer system throughout the segment. Most of the water
moves through the aquifer along short flow paths toward local
streams where it is discharged to the streams as base flow.
Some of the water follows longer flow paths in the deeper parts
of the aquifer system and discharges to larger streams.

Aquifer Hydraulic Characteristics
and Well Yields

In parts of central and southern Ohio, the buried Teays
Valley is filled with laminated clay and silt that are not aquifer
material. Further to the north and west, in the upper part of
the Wabash River Basin in Indiana, the valley is filled partly with
sand and gravel. In western Indiana and central Illinois, sand
and gravel aquifers have been mapped in and along the bur-
ied Teays—Mahomet Valley (fig. 11). These coarse, permeable
materials allow water to move through the sediments with little
resistance to flow. The capacity of an aquifer to transmit wa-
ter is known as transmissivity, which is a way of measuring the
relative ease with which water moves through the aquifer.
Transmissivity values for the permeable sediments in the bur-
ied Teays Valley in the upper Wabash River Basin range from
3,000 to about 40,000 feet squared per day (fig. 20). The wa-
ter moves more readily through the aquifer where the trans-
missivity is greatest.
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Figure 20. Glacial deposits that compose the surficial aquifer
system have high values of transmissivity in places along the axis
of the buried Teays Valley in the upper Wabash River Basin. These
deposits have the potential to yield large volumes of water to wells.
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Aquifer Hydraulic Characteristics and
Well Yields—Continued

The transmissivity of the surficial aquifer system varies
through a wide range but generally is much larger than the
transmissivity of underlying bedrock. Transmissivity values
calculated for the surficial aquifer system range from less than
500 feet squared per day where the aquifer system is thin and
contains fine-grained material to more than 50,000 feet
squared per day where the aquifer system is thick and con-
sists entirely of coarse-grained material. Transmissivity values
of 5,000 to 25,000 feet squared per day are common where
the thickness of the aquifer system ranges from 50 to 250 feet.

If all other factors remain the same, yields of wells com-
pleted in an aquifer are directly proportional to the transmissiv-
ity of the aquifer. The largest yields can be obtained from wells
that are completed in aquifers which have the largest transmis-
sivity values. The potential yield of wells completed in the
surficial aquifer system in the Central Lowland Province in
Segment 10 ranges from less than 100 to more than 500
gallons per minute (fig. 21). In general, the largest sustained
potential yields are obtained from wells located in river valleys
where the aquifers and the river are hydraulically connected.
Under such conditions, large withdrawals from a well near a
river will cause the water level in the well to decline until it is
below river level. The gradient created will induce water to move
from the river into the aquifer and toward the well (fig. 22).
Under these conditions, well yields of 2,000 gallons per minute
are common, and maximum yields might exceed 4,000 gallons
per minute. In some places, recharge ponds have been con-
structed to capture and impound surface water. The impounded

River or
recharge pond

Water table

NOT TO SCALE

water percolates downward to recharge the surficial aquifer
system and subsequently moves into nearby pumping wells.

Ground-Water Quality

The quality of water in the sand and gravel aquifers of the
surficial aquifer system is similar throughout Illinois, Indiana,
and Ohio. The quality of the ground water is such that the water
generally is adequate or can be treated and made adequate
for most uses. However, in some places in lllinois and Ohio,
nitrate concentrations are larger than the maximum contami-
nant level of 10 milligrams per liter established by the U.S. En-
vironmental Protection Agency for drinking water. These large
nitrate concentrations are possibly due to contamination of the
ground water by fertilizer or by septic tank effluent.

Water in the surficial aquifer system typically is a calcium
magnesium bicarbonate type, is hard, and has large concen-
trations of iron (fig. 23). The water typically has a neutral pH.
Concentrations of dissolved solids mostly range between about
250 and 750 milligrams per liter with a median concentration
that approaches 500 milligrams per liter, which is the second-
ary maximum contaminant level recommended for drinking
water by the U.S. Environmental Protection Agency (fig. 24).
Median hardness concentrations, which are expressed as cal-
cium carbonate, generally exceed 300 milligrams per liter.
Most of the water contains iron concentrations of greater than
300 micrograms per liter, which causes the staining of laun-
dry and porcelain plumbing fixtures. Concentrations of chlo-
ride and sulfate are generally less than 250 milligrams per li-
ter, which is the secondary maximum contaminant level es-
tablished by the U.S. Environmental Protection Agency for
drinking water.
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Modified from Gallaher and Prize, 1966
Figure 22. Before development, ground water gener- EXPLANATION
ally discharged from the sand and gravel aquifers of the o
surficial aquifer system into rivers (A). When ground water =»  Direction of ground-water movement
is pumped from a well near a river or recharge pond, the
direction of flow may be reversed (B); water might move
from the river or pond toward the well and the result is
induced recharge.
1,400 1000 443 221 486 60 48 500 13 10 9 32
o (0 i ]
1,200 o
£E ZE  goof ; Z 400 ;
=z - > ~—
S 1000 2 L A z2
Ra Ea&  s00f ] E4 300} ]
< 800 < S
£2 €2 1 =2
'_
== 600 & 400}/ a2 200t .
9’9 (SNT) — o
Z = z= L 9
53 400 53 : =
Oos O  200F O= 100} -
= 200 = I | =
0 0
Dissolved solids Hardness Chloride
EXPLANATION
600 e 7 4500 et wer w0 03 Illinois
5 o 4,000
Z W 500 - = E 8
= 5 =E 3,500 Indiana
= a0} 85 3000 . :
= Ea Glaciofluvial deposits
£2 300 gQ 250 B
£ 5 = g 2,000 2 Outwash deposits
8% 200 86 1,500
g5 g2 Wisconsin till deposits
9 § 100 g& 1000
2 500 Ohio
0 0 —

Sulfate

F ig ure 24. Water from the surficial aquifer system generally
has large concentrations of dissolved solids, hardness-causing
constituents, and iron. Iron concentrations in water from Illinois
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and Indiana commonly are large enough to cause staining of

laundry and porcelain plumbing fixtures.

EXPLANATION

Use of fresh ground-water withdrawals during
1985—Total withdrawals 1,071

million gallons per day
Public supply
Domestic and commercial

Agricultural

|l

Industrial, mining, and
thermoelectric power

F ig ure 25. Ground-water withdrawals from the surficial aqui-
fer system during 1985 ranged from 285 million gallons per day

in Ohio to 445 million gallons per day in Illinois. Withdrawals for
public supply ranged from about 123 million gallons per day in
Indiana to about 191 million gallons per day in Ohio and consti-
tuted the largest or second largest use category in each State.

Data from U.S. Geological Survey files, 1988;
Contaminant level from U. S. Environmental
Protection Agency, 1986

ILLINOIS
Total withdrawals 445
million gallons per day

INDIANA
Total withdrawals 341
million gallons per day
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Fig ure 21. The largest well yields (more than 500 gallons per
minute) in the Central Lowland Province in Segment 10 are from
wells completed in coarse sand and gravel aquifers along major
streams and rivers and in outwash plains, such as the one in north-

SCALE 1:5,000,000 EXPLANATION

25 50 MILES o i i
Potential yield, in gallons per minute,

to individual wells generally is

l:] Less than 100

| 100 to 500

- Greater than 500

25 50 KILOMETERS

ern Indiana. The smallest well yields (less than 100 gallons per
minute) from the surficial aquifer system generally are from wells
completed in sand lenses that are completely surrounded by fine-
grained deposits, such as till in the interstream areas.

A. Morgan County, Indiana e percet
Concentrations in milligrams per liter P 1 )
; Number of =
Constituent Range Average samples \
Hardness (CaCO,) 170 to 410 280 42
Calcium (Ca) 49 to 120 75 42
Magnesium (Mg) 14 to 27 22 42
Sodium (Na) 2.9to0 26 6.2 42
Potassium (K) 0.4 to 3.7 (18] 42
Bicarbonate (HCO,) 195 to 488 293 97
Sulfate (SO,) 0.6 to 63 32 42
Chloride (Cl) 3.1t043 13 42
Dissolved solids 250 to 524 366 42
Iron (Fe) 0to 6.5 0.03 97
K + Na 4.3 percent
Values in percent of average major ion
concentration, in milliequivalents per liter
B. Dayton area, Ohio S0,5.7 pgci.:tpercent “
Concentrations in milligrams per liter i
Number of
Constituent Range Average samples
Hardness (CaCO,) 269 to 516 386 44
Calcium (Ca) 60 to 135 95 44
Magnesium (Mg) 29 to 57 37 44
Sodium (Na) 3.6 to 39 15 44
Potassium (K) 0.7to 4.5 19 44
Bicarbonate (HCO,) 268 to 470 366 44
Sulfate (SO,) 21 to 189 80 44
Chloride (Cl) 1.2 to 60 23 44
Dissolved solids 274 to 651 458 44
Nitrate (NO,) 0 to 30 3.8 44 5
Iron (Fe) 0to 3.5 0.66 44 o
K + Na 2.6 percent

Data from Norris and Spieker, 1966

Figure 23. The quality of water is similar from wells

completed in the surficial aquifer system in river valleys in
Indiana and Ohio (shown) and in Illinois (not shown).
Calcium, magnesium, bicarbonate, and locally sulfate

are the dominant ions.

OHIO
Total withdrawals 285
million gallons per day

Data from U.S. Geological Survey files, 1990

Fresh Ground-Water Withdrawals

Approximately 2 billion gallons of fresh ground water was
withdrawn each day during 1985 from all the aquifers in the
Central Lowland Province in Segment 10. Of this amount,
about 53 percent, or about 1.1 billion gallons per day, was
withdrawn from the sand and gravel aquifers of the surficial
aquifer system. About 445 million gallons per day was with-
drawn from the surficial aquifer system in Illinois, 341 million
gallons per day in Indiana, and 285 million gallons per day in
Ohio (fig. 25). Withdrawals for public supply constituted the
largest or second largest use category in each State, and ac-
counted for about 165 million gallons per day in lllinois, 123
million gallons per day in Indiana, and 191 million gallons per
day in Ohio. Large withdrawals were made for industrial, min-
ing, and thermoelectric power use in lllinois and Indiana.



PENNSYLVANIAN AQUIFERS

Hydrogeologic Setting

Sandstone and limestone beds of Pennsylvanian age that
are aquifers in the Central Lowland Province in Segment 10
lie beneath the surficial aquifer system in parts of lllinois and
Indiana (fig. 26). The Pennsylvanian sandstones and lime-
stones are parts of repeating sequences of beds deposited
during multiple sedimentary cycles. An ideal complete cycle
consists of the following sequence of beds, listed from bottom
to top: basal sandstone, sandy shale, limestone, underclay,
coal, gray shale, limestone, black platy shale, limestone, and
silty gray shale that contains iron concretions (fig. 27). The
bottom five beds in the ideal sequence (including the coal)
were deposited in a nonmarine environment. As the sea en-
croached upon the land, the upper five beds were deposited
in a marine or marginal marine environment. Multiples of all
or parts of this sequence were deposited by repeated advances
and retreats of the sea. The main body of the sea was about
as far west of Segment 10 during Pennsylvanian time as the
present location of the State of Kansas. Sheetlike and channel-
fill sandstones at the bases of the sedimentary sequences are
some of the most productive aquifers in Pennsylvanian rocks.
However, a zone of fractures, joints, and bedding plains com-
monly occurs in the upper parts of exposed Pennsylvanian
rocks, and these openings yield water to wells regardless of
rock type.

Small to moderate supplies of water are obtained from the
Pennsylvanian aquifers in places where little water is available
from the overlying Quaternary deposits of the surficial aqui-
fer system. These conditions might exist where the Quaternary
deposits are thin or fine grained or both. The Pennsylvanian
aquifers commonly are used for water supplies in areas where
they are buried beneath less than 100 feet of Quaternary de-
posits (fig. 28).
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37° Survey, 1988
Depth to top of
Pennsylvanian SCALE 1:5,000,000
rocks, in feet 0 25 50 MILES
Less than 100 0 25 50 KILOMETERS
100 to 200
200 to 400
400 to 600

Figure 28. The depth to the top of the Pennsylvanian rocks
ranges from less than 100 feet to about 600 feet below land surface.
These rocks generally are deeper where the valleys eroded into them
are filled with Quaternary deposits.

Most of the water in the Pennsylvanian aquifers is under
confined conditions because the aquifers commonly are inter-
bedded with siltstone, shale, and clay and are overlain by Qua-
ternary deposits that contain clay beds. The water primarily
moves through secondary openings, such as fractures and
joints or local solution channels in limestones. Recharge to the
Pennsylvanian aquifers takes place through the overlying Qua-
ternary deposits. The large volumes of water stored in the sur-
ficial aquifer system serve to replenish ground water withdrawn
from wells completed in the Pennsylvanian aquifers. In some
places, such as river valleys, water levels in the Pennsylvanian
aquifers are higher than those in the overlying surficial aqui-
fer system, and ground water moves from the Pennsylvanian
aquifers to the surficial aquifer system.

The thickness of Pennsylvanian rocks that is saturated
with freshwater ranges from less than 100 feet to more than
300 feet (fig. 29). The thickest parts of the freshwater-yield-
ing Pennsylvanian rocks are in central and southeastern Illi-
nois and southwestern Indiana. Nearly the entire thickness of
Pennsylvanian rocks contains freshwater in the north-central
part of lllinois (fig. 30). Toward the south, the depth to salt-
water decreases, and the Pennsylvanian rocks thicken. Near
the southern limit of the area, only the upper 10 percent of the
Pennsylvanian rocks contains freshwater.

The sandstones and limestones that are the most produc-
tive aquifers in the Pennsylvanian rocks have a distinct strati-
graphic (vertical) and areal distribution. Sandstones are the
predominant aquifers in the lower parts of the sequence of
Pennsylvanian rocks, whereas limestones are the predominant
aquifers in the middle and upper parts of the sequence (fig.
31). The sandstone aquifers are saturated with freshwater only
in peripheral parts of the area underlain by the Pennsylvanian
rocks; elsewhere, they contain saltwater. Some of the lime-
stones and shales of the middle and upper parts of the se-
quence grade into sandstones and silty sandstones in south-
eastern lllinois. Because these sandstones and silty sandstones
commonly are channel-fill deposits, they are sinuous, thin, and
discontinuous and might be difficult to locate.
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Estimated thickness ——
of Pennsylvanian g
rocks that contain 0 25 50 MILES
freshwater, in feet 0 55 5 KiGMETERS
- Less than 100

100 to 200
200 to 300
300 to 400

F ig ure 29. The thickest sections of Pennsylvanian rocks that
contain freshwater are in central and southeastern Illinois.

Clay and Vigo Counties, Indiana
Concentrations in milligrams per liter
Number of

Constituent Range Median  samples
Hardness (CaCO,) 4 to 422 61 14
Calcium (Ca) 0.2 to 98 13 14
Magnesium (Mg) 0.7 to 43 7 14
Sodium (Na) 11t01,470 137 14
Potassium (K) 0.4to04.3 2:1 14
Bicarbonate (HCO,) 21to 1,540 540 14
Sulfate (SO,) 0.8 to 82 8.4 14
Chloride (Cl) D101 400 (1 17 14
Fluoride (F) 0.1to 15 il 14
Dissolved solids 106 to 3,360 539 14
Nitrate (NO,) 0to 18 0.4 14
Iron (Fe) 0.02 to 37 0.28 14

Figure 32. Water from fLﬁ*

the Pennsylvanian aquifers can jJ—

change rapidly from a sodium i 1]

bicarbonate type to a sodium

chloride type with an increase |

in depth of only a few feet. ND

Vigo Co r-{]ﬁ:
Clay Co i

SO, + F + NO; 1.3 percent

Cl 2.9 percent

Na
35.7 percent

Mg + K 4.0 percent
Median well depth, 176 feet

Values in percent of median major ion
concentration, in milliequivalents per liter

SO, + F + NO, 0.2 percent Ca + Mg + K 0.4 percent

Na
49.7 percent

Median well depth, 241 feet

Data from Cable and others, 1971

Base modified from U.S.
Geological Survey digital
data, 1:2,000,000, 1972

Modified from King
and Beikman, 1974

EXPLANATION

Pennsylvanian aquifers—Sandstone
and some limestone in rocks of
Pennsylvanian age

SCALE 1:7,500,000
0 25 50 MILES
0 2550 KILOMETERS
A

A’ Line of hydrogeologic section

Figure 26. Pennsylvanian rocks that are aquifers in the
Central Lowland Province in Segment 10 are extensive in Illinois
and Indiana. The aquifers in Pennsylvanian rocks lie beneath
the Quaternary deposits of the surficial aquifer system.

A

Feet Quaternary deposits

1,000

Figure 27. A typical se-
quence of beds deposited during
a sedimentary cycle in the Penn-
sylvanian rocks of Illinois con-
sists of about 10 beds of sand-
stone, shale, clay, coal, and
limestone. Sandstones at the
base of each sequence form
the most productive aquifers.
(Reprinted from "Principles of
Stratigraphy " by permission
of John Wiley and Sons).

Disconformity
Silty gray shale,
ironstone concretions

| Limestone

Black platy shale
| Limestone
Gray shale

Sandy shale

andstone

Disconformity

Modified from Dunbar and
Rodgers, 1958, p. 110

EXPLANATION
Aquifer

Confining unit

Sea level
1,000
2,000
3,000
4,000

5,000
VERTICAL SCALE GREATLY EXAGGERATED

SCALE 1:2,500,000
0 20 MILES
F—r—r—"

0 20 KILOMETERS

Figure 30. The thickness of Pennsylvanian rocks increases
from north to south. Howeuver, the thickness of freshwater in these
rocks generally decreases from south to north. The line of the sec- =

tion is shown in figure 26.

EXPLANATION

Pennsylvanian rocks that
contain freshwater

—=1,000-~- Estimated line of equal concentration
of dissolved-solids, in milligrams per liter

Fault—Arrows show relative
vertical movement

Figure 31. Several geo- Hvd i
. i . - rogeologic
logic formations of Pennsylva- System Geologic unit Lithology i ugnit .
nian age are aquifers in the
Central Lowland Province of Mattoon Shaly sandstone,
Segment 10. The aquifers in the Formation Sanlqy Shfle, and
lower and middle parts of the Hesans
sequence are mostly sand-
stones; aquifers in the upper McLeansboro Bond Limestone and
part are mostly limestones. Group Formation minor shale
Modesto Limestone, shale, minor coal,
Formation and sandstone
5
&
> Carbondale Coal, shale, minor
> Formation limestone, and sandstone
g Kewanee
&2 Group
Spoon Shale, coal, and
Formation minor sandstone
Abbott Sandy shale, shaly sandstone,
Formation sandstone, and coal
McCormick
Group
Caseyville Sandstone, shaly sandstone,
Formation and sandy shale

Ground-Water Quality

The quality of water obtained from the upper parts of the
Pennsylvanian aquifers generally is similar throughout the area.
However, pronounced water-quality changes occur with depth.
Because the water-yielding sandstones and limestones are thin
and are interlayered with thin, low-permeability deposits, such
as shale and coal, the water withdrawn from these aquifers
tends to be a composite water type, which reflects interaction
of the ground water with several rock types that contain dif-
ferent minerals. Dissolved-solids concentrations in water from
the Pennsylvanian aquifers increase with increasing depth, but
in the freshwater parts of the aquifers, the water is softened
somewhat by ion exchange between the water and minerals in
the shales and clays. Typically, the water from the freshwater
parts of the Pennsylvanian aquifers is moderately hard and is
a sodium bicarbonate type with a median dissolved-solids
concentration that is slightly greater than 500 milligrams per
liter (fig. 32A). The increase in concentration of dissolved sol-
ids with increasing depth primarily is due to increases in the
concentrations of sodium and chloride in the water. These con-
stituents are present in the saltwater and brine in the deep
parts of the Pennsylvanian aquifers.

Mixing of freshwater with the saltwater results in a water
that is a sodium chloride type, such as the water represented

by figure 32B. The change in water from a sodium bicarbon-
ate type to a sodium chloride type, accompanied by a large
increase in dissolved-solids concentrations, takes place with
small changes in depth. Concentrations of calcium, magne-
sium, and bicarbonate are larger in water from the shallower
parts of the Pennsylvanian aquifers. Large concentrations of
fluoride (as much as 15 milligrams per liter) locally are pres-
ent. In some instances, the fluoride content of the water is great
enough to mottle the teeth of persons who drink it on a con-
tinual basis.

Well Yields and Fresh Ground-Water
Withdrawals

Yields of wells completed in the Pennsylvanian aquifers
have been reported to range from less than 1 to about 100
gallons per minute. The average well yield is about 10 gallons
per minute.

Fresh ground-water withdrawals from the Pennsylvanian
aquifers are relatively small. Withdrawals from these aquifers
during 1985 were less than 4 percent of the total withdrawals
in lllinois and less than 1 percent of the total withdrawals in
Indiana.

K9



MISSISSIPPIAN AQUIFERS

Hydrogeologic Setting

Mississippian rocks that are aquifers in the Central Low-
land Province in Segment 10 lie beneath Quaternary depos-
its and Pennsylvanian rocks in parts of western Illinois, east-
ern lllinois, and southwestern Indiana (fig. 33). Generally,
thick-bedded limestones and sandstones constitute the aqui-
fers. Although small amounts of water can be obtained from
nearly all the Mississippian rocks, including shale, in the areas
shown in figure 33, the most productive water-yielding rocks
are limestones and sandstones. Limestone is the dominant
rock type in the lower one-half of the Mississippian section (fig.
34), whereas sandstone is more abundant in the upper one-
half. Some of the limestone formations in the lower part of the
Mississippian rocks in western lllinois change to shale in the
eastern part of the area. Thus, almost all the Mississippian
rocks are considered to be aquifers in western lllinois, whereas
only the middle and upper parts of Mississippian rocks are con-
sidered to be aquifers in eastern Illinois and southwestern
Indiana.

Freshwater circulates to depths greater than 1,000 feet
below sea level in west-central lllinois; consequently, all the
Mississippian rocks that are directly overlain by Quaternary
deposits and some that are directly overlain by Pennsylvanian

rocks contain freshwater in this area (fig. 35). However, in
southern lllinois and in areas toward the central part of the
lllinois Basin, Mississippian rocks are at greater depths and are
overlain by a thick, continuous sequence of Pennsylvanian
rocks that impedes deep freshwater circulation. In addition,
some of the Mississippian limestones grade eastward to less-
permeable shale. Downdip toward the central part of the Illi-
nois Basin, initially part and eventually all the Mississippian
rocks contain water with dissolved-solids concentrations of
greater than 1,000 milligrams per liter.

The distribution of wells that obtain water from the Mis-
sissippian aquifers is similar to that of wells completed in the
Pennsylvanian aquifers. The Mississippian aquifers generally
are used for water supply where they are less than 200 feet
below land surface and where more water can be obtained from
them than from the overlying surficial aquifer system.

Water in the Mississippian aquifers primarily moves
through openings such as bedding planes, fractures, and so-
lution channels. Generally, the water is under confined condi-
tions where the water-yielding zones in the Mississippian rocks
lie beneath clay or shale beds. Recharge to the Mississippian
aquifers occurs primarily by water that percolates downward
through the overlying Quaternary deposits and Pennsylvanian
rocks. Water discharges to these younger rocks in places where
the water level in the Mississippian aquifers is higher than that
in the overlying aquifers. Water stored in the overlying rocks,
especially the Quaternary deposits, serves to replenish ground
water withdrawn from the Mississippian aquifers.

Figure 34. Limestones System

Geologic unit

Lithology

and sandstones constitute the

Grove Church Shale

Mississippian aquifers. Aquifers

Kinkaid Limestone

in the ‘Iowe‘r part of the section Degonia Sandstone Sandsione,
are primarily limestone; aquifers Clore Formation shale,
in the upper part of the section Palestine Sandstone and thin
are mostly sandstone. Geologic Menard Limestone "muensi'f:sme

Waltersburg Formation

units that compose aquifers are
shown in blue.

Vienna Limestone

| Sandstone
and thin

Mississippian

Iimes;one
units

Hannibal Shale

Limestone
| with minor
shale and
sandstone

Ground-Water Quality

A summary of the results of chemical analyses of water
from wells completed in the Mississippian aquifers in Greene
County, ind., on the eastern side of the Illinois Basin is shown
in figure 36. The water is moderately hard and is a sodium
calcium bicarbonate type. Water from wells deeper than 200
feet in Greene County can have concentrations of sulfate and
chloride that exceed 250 milligrams per liter and dissolved
solids that exceed 500 milligrams per liter. Sparse data indi-
cate that water from the Mississippian aquifers in western Illi-
nois is very hard, which reflects the predominance of limestone
in this area. Slightly acidic ground water partially dissolves the
limestone, thus increasing the concentration of calcium and
magnesium ions (primary hardness-causing constituents) in
the water.

Water quality and well-depth data from the Mississippian
and the Pennsylvanian aquifers in Greene and Sullivan Coun-
ties, Ind., indicate that small increases in well depth are ac-
companied by large increases in dissolved-solids concentra-
tions (fig. 37). Wells shallower than 160 feet yield water that
contains less than 500 milligrams per liter dissolved solids;
water from deeper wells has dissolved-solids concentrations as
large as 3,400 milligrams per liter. At shallow depths, the water
generally is hard and is a calcium bicarbonate type or a cal-
cium sodium bicarbonate type, whereas water from deep wells
in the Mississippian aquifers might be a sodium chloride type.

Well Yields and Fresh
Ground-Water Withdrawals

The reported yields of wells completed in the Mississip-
pian aquifers range from less than 1 to more than 100 gallons
per minute; the average well yield is about 10 gallons per
minute. Properly completed and developed wells commonly
yield from 20 to 30 gallons per minute. The largest volumes
of water are obtained from wells that penetrate large openings
in the rocks, such as bedding planes, fractures, and solution
openings.

The specific capacity (well yield divided by water-level
drawdown during pumping) of wells completed in the Missis-
sippian aquifers generally ranges from 0.03 to 9 gallons per
minute per foot of water-level drawdown (fig. 38). The specific
capacity generally is greater for some Mississippian formations
than others. Wells completed in the Keokuk and the Burlington
Limestones generally have the largest specific capacities, and
those completed in the Ste. Genevieve, the St. Louis, and the
Salem Limestones and the shale and limestone of the Warsaw
Formation generally have the smallest specific capacities.

Fresh ground-water withdrawals from the Mississippian
aquifers during 1985 were less than 3 percent of the total
ground water withdrawn in lllinois. Withdrawals from Mississip-
pian aquifers in Indiana during the same period were less than
1 percent of the total ground water withdrawn.

SO, +F + NO; 3.3 percent
Greene County, Indiana Cl 2.7 percent
Concentrations in milligrams per liter
Number of Mg 4.7 percent

Constituent Range Median  samples
Hardness (CaCO,) 6 to 272 78 10
Calcium (Ca) 0.8 to 63 24 - 10
Magnesium (Mg) 0.5to 31 6.6 10 ‘ T
Sodium (Na) 2.8 t0 754 70 10 _K+Na /)—_
Potassium (K) 0.6t03.3 1.1 10 26.7 parcent
Bicarbonate (HCO,) 53 to 811 367 10
Sulfate (SO,) 1.2t0 315 17 10
Chloride (Cl) 1.5 to 700 14 10
Fluoride (F) 0.1t04.5 025 10
Dissolved solids 8510 1,880 332 10 P
Nitrate (NO,) Oto 18 1.6 10
Iron (Fe) 0.04to 1.0 0.14 10 Values in percent of median major ion

concentration, in milliequivalents per liter Greene Co

Fi igure 36. Water from the Mississippian aquifers in Greene
County, Ind., is a sodium calcium bicarbonate type. Water that
contains dissolved-solids concentrations of 1,800 milligrams

per liter is reported from wells about 250 feet deep completed

in the Mississippian aquifers.
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F ig ure 37. Dissolved-solids concentrations in water from
wells completed in the Mississippian and the Pennsylvanian
aquifers in Greene and Sullivan Counties, Ind., increase as well
depth increases.
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Figure 38. Specific capacities of wells completed in the
Keokuk and the Burlington Limestones generally are larger
than those for wells completed in other Mississippian formations.
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Figure 33. Mississippian
rocks are mostly overlain by
Quaternary deposits and Penn-
sylvanian rocks and yield
freshwater to wells in two areas.
In western lllinois, almost all the
Mississippian rocks are aquifers;
in east-central lllinois and
southwestern Indiana, only the
middle and upper parts of these 41° 3]
rocks are aquifers. AL
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Figure 35. All the Mississippian rocks contain freshwater

in western lllinois, represented by the left side of this section. How-
ever, downdip toward the central part of the Illinois Basin, most

of the Mississippian rocks contain saltwater. The line of the section
is shown in figure 33.
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Mississippian rocks that contain freshwater

—=-1,000--- Estimated line of equal dissolved-solids
concentration, in milligrams per liter
——=—=—— Fault—Arrows show relative vertical movement

SILURIAN-DEVONIAN AQUIFER

Hydrogeologic Setting

Dolomites and limestones of Silurian and Devonian age constitute one of the
principal consolidated-rock aquifers throughout a large area in the Central Lowland
Province in Segment 10 (fig. 39). The Silurian-Devonian aquifer lies beneath Up-
per Devonian shales, Mississippian rocks, or Quaternary deposits and is present from
central Ohio across Indiana into northern and western lllinois.

The Silurian-Devonian aquifer has been referred to by a number of different
names. It is known as the carbonate aquifer in Ohio, the Silurian-Devonian aqui-
fers in Indiana, and the upper part of the shallow dolomite aquifer in Illinois. The
aquifer was designated the “Silurian-Devonian aquifer” by a regional aquifer study
that encompassed northern lllinois, lowa, Wisconsin, and Minnesota. Because the
name “Silurian-Devonian aquifer” has been applied regionally, this name is used

in this chapter.
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F ig ure 39. The Silurian-Devonian aquifer is present throughout
large parts of the Central Lowland Province in Segment 10. Devonian
rocks are restricted to only a small part of the area. The aquifer is
overlain in most places by Quaternary deposits of the surficial
aquifer system.
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Hydrogeologic Setting—Continued

The Devonian rocks are less important hydrologically than
the Silurian rocks because much of the lower part of the sec-
tion of Devonian rocks has been removed from most of the
area by erosion (fig. 40). Consequently, the Devonian parts
of the aquifer are mainly in narrow bands in Ohio, Indiana, and
eastern [llinois. Only in a small area in northwestern Indiana
do Devonian carbonate rocks completely cover the freshwa-
ter-yielding Silurian carbonate rocks.

In northern lllinois, freshwater is present at depths greater
than 1,000 feet below sea level, which is much deeper than
the bottom of the Silurian-Devonian aquifer (fig. 41). However,
to the south and east (throughout most of the area shown in
color in figure 39), the Silurian-Devonian aquifer generally
contains freshwater where the aquifer is between land surface
and about 500 feet below land surface. The base of freshwa-
ter approximately coincides with the base of the aquifer in most
places. The underlying Upper Ordovician shales impede the
downward movement of freshwater. The Silurian-Devonian
aquifer contains freshwater for only a short distance from where
it is overlain by Upper Devonian shales in Ohio, Indiana, and
eastern lllinois. These overlying shales impede the downward
movement of freshwater into the aquifer. In western and north-

A
Figure 41. Feot
The Silurian—Devonian &0 e ;
aquifer contains fresh- 1,000 Silurian rocks Devonian rocks

water where the aquifer

level
is less than 500 feet e o
below land surface. 1,000
The line of the section 2000
is shown in figure 39. ;
3,000
4,000
5,000

VERTICAL SCALE GREATLY EXAGGERATED

EXPLANATION

concentration, in milligrams per

western lllinois where the Silurian-Devonian aquifer is covered
by Mississippian rocks, the extent of freshwater beneath the
younger rocks is greater.

Most of the freshwater part of the Silurian-Devonian aqui-
fer is directly overlain by unconsolidated deposits of Quater-
nary age that compose the surficial aquifer system. The thick-
ness of the Quaternary deposits and, consequently, the depth
to the top of the Silurian-Devonian aquifer range from less than
100 feet to more than 400 feet below land surface in the area.
The Silurian-Devonian aquifer is most commonly used for
water supply where it is overlain by less than 200 feet of Qua-
ternary deposits.

Ground water generally is under confined conditions in the
Silurian-Devonian aquifer. The water moves through fractures,
bedding planes, and solution cavities in the dolomites and
limestones. The Silurian-Devonian aquifer is recharged from
the overlying surficial aquifer system in areas where water lev-
els in the surficial aquifer system are higher than those in the
Silurian-Devonian aquifer. Locally, where the water-level dif-
ferences are reversed, water discharges to the surficial aqui-
fer system from the Silurian-Devonian aquifer. The water stored
in the surficial aquifer system serves to replenish the water
withdrawn from wells that are completed in the underlying
Silurian-Devonian aquifer.

Quaternary deposits )
Devonian rocks

Figure 42.
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Large yields are possible

from wells completed in the
Silurian—-Devonian aquifer
along and on the flanks of

the Findlay Arch in Ohio. 41t
Yields of wells in the south-

ern one-half of the large

yield area average about

600 gallons per minute.

Geologic unit .
System Lithology Hydrc:‘gneigloglc
Northern lllinois Northern Indiana Northwestern Ohio
New Albany Group Atrim Shale Ohio Shale Shale
Traverse Traverse Group
Cedar Valley Formation - -
Devonian and ‘ Muscatatuck b s U 1 Limestone
Wapsipinicon Group Columbus i bl
Limestones et Detroit Limestone and shale
D’f;'rcr’r“tatRig/sf River Group
Racine Dolomite Salina Group Salina Group
‘
Sg(l)z?g:gir{ée Lockport Group
Joliet Dolomite Dolomite
: Rochester Shale : 4
Siliiean and equivalents Cataract Formation - l;r:gsstﬁgz,
(upper part) Dayton Limestone
Cabot Head Formation
Kankakee, Sexton Creek, .
and Edgewood Limestones Catazlrg‘c’:\}el:ror;r;stxon Brassfield
and equivalents p Limestone

Figure 40. Several geologic formations that consist of dolomite

and limestone compose the Silurian—Devonian aquifer. The gray

areas represent missing rocks.
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Well Yields

The yields of wells completed in the Silurian-Devonian
aquifer range from less than 5 to more than 1,000 gallons per
minute. Yields of 5 to 15 gallons per minute can be obtained
from most wells completed in the aquifer throughout the area
shown in figure 39. Large well yields are possible locally in
lllinois, Indiana, and Ohio, but the largest well yields, more than
1,500 gallons per minute, are reported from northern Illinois.

Large well yields in Ohio are possible in the west-central
and northwestern parts of the State (fig. 42). Middle and Up-
per Silurian dolomites are the major water-yielding rocks in this
area due to the dissolving action of slightly acidic recharge
water on these carbonate rocks where they are exposed or
thinly covered along the flanks and part of the axis of the
Findlay Arch. The specific capacities of large-diameter test
wells were used to define the areas of large yield shown in
figure 42. The specific capacities of these wells range from 5
to 106 gallons per minute per foot of water-level drawdown, and
average about 30 gallons per minute per foot of drawdown. The
average yield for wells located in the southern one-half of the
area of large yield is about 600 gallons per minute and the
average yield for wells in the remainder of the large-yield area

lain by the Silurian— 1,400 1000 = 500 w is about 450 gallons per minute. Specific capacities of large-
Beuanian agulfer in =& 1200 =& I > & diameter test wells located outside the area of large yield shown
northwestern and =E =E 800} = 400 - i K
northeastern lllinois, 22 1,000 z: i z 3 in figure 42 range from less than 0.5 to 5 gallons per minute
the probable yield of Bl E& o0l 2w 30t per foot of. water-level drawdown and average about 2.2 gal-
wells completed in the =2 2 L E @ lons per minute per foot of drawdown. The yield of these wells
aquifer is as large as Gix 600 Za 400} Z< 200} ] ranges from about 160 to 260 gallons per minute.
500 gallons per minute. %% 5 %% - 29 The estimated yield of wells completed in the Silurian—
“3 468 OiF 12008 1 83 100t 1 Devonian aquifer in northern lllinois is shown in figure 43. Well
T e, . : I 1 yields in the area are highly variable and might be 1 gallon per
0 25 50 MILES minute or less. However, analysis of specific-capacity data for
. o KILGRETERE Dissolved solids Hardness Chloride wells in the area indicates that well yields of 250 gallons per
minute or more are probable throughout most of the area, and
EXPLANATION well yields of 500 gallons per minute are probable in large parts
: 600 —— 5 4,500 —= = of northeastern and northwestern lllinois. The wells with large
EEPLADATION : & 500 5 4,000 1 yields generally are completed in the upper one-third of Silu-
Probable yield of water, in % =E =E 3500 1 rian rocks. Larger yields also coincide with places where the
geliens faxanimite E 5 = 400 8 E 3,000 1 bedrock surface is locally at higher altitudes than surround-
[:I Less than 250 ‘ E% i E_g 2.520 - 4 ing areas and where the Siluri'an rocks are overlain by Qua-
- et 48 Number of analyses § 3 " é % f’:og ternary sand and gravel deposits.
Percentile—Percentage of = (39 & 2 1’000 | :
Bl oo ivensoo s = 8 . .
[ ] Nodata o e , . - Ground-Water Quality
Downdip limit of Silurian- o e 10th Secc’c‘;ﬁ;):n’i?l‘:’gt"l‘é‘gl Sinte ron The chemical quality of water from the freshwater parts
Devonian aquifer L R ‘59“ popE | HARDN of the Silurian-Devonian aquifer generally is adequate or can
;é:e‘s(fo:;iz?%gglgﬁ/(?\%%}tsél ’j; J:,{:o e, Modified from Csallany Figure 44. Water from the Silurian—Devonian aquifer genera[ly gata from U.S. Geological Survey files, 1988 be t'reated and made ade'quate’ fO‘I' most purposes. Concen-
ki By %)) andWalton. 1963 has large concentrations of dissolved solids. The water commonly S et trations of dissolved solids and iron exceeded secondary
8 contains concentrations of dissolved solids, sulfate, and iron that maximum contaminant levels established by the U.S. Environ-
exceed the secondary maximum contaminant levels gstablished mental Protection Agency in more than 50 percent of the stud-
for drinking water by the U.S. Environmental Protection Agency. ied samples (fig. 44). In addition, the water is hard, and sul-
fate concentrations exceed 250 milligrams per liter in many
samples. Generally, chloride concentrations are less than 250
milligrams per liter where the aquifer is directly overlain by the
Figure 46. b surficial aquifer system. However, chloride concentrations
Calcium magnesium might be greater than 250 milligrams per liter downdip, par-
: F + NO, 0.3 percent bicarbonate water is ‘ ticularly where the aquifer is overlain by Devonian, Missis-
Southwestern Ohio Cl 1.0 percent resent in recharge are " ’ . §
Concentrations in milligrams per liter gne; catlclium maéqneiiuani E é Slppl.a Ty OF Fennsylvaman shales, which impede deep freshwa-
Number of sulfate water is present - ter circulation. e ) '
Constituent Range Median  samples in discharge areas of the & An example of the major dissolved constituents in water
Hardness (CaCO,) 340102,200 710 15 Silurian-Devonian ® from the Silurian-Devonian aquifer is shown in figure 45. In
Calcium (Ca) 82 to 640 110 15 aquifer in western Ohio. é samples from western Ohio, calcium, magnesium, bicarbon-
Magnesium (Mg) 33t0200 49 15 g ate, and sulfate are the most common ions. The large concen-
Sodium (Na) 4.810 56 27 s 3 trations of calcium and magnesium probably are derived pri-
g?é:::r:‘ztg(()}_lcos) 3123 :2 1‘5‘4 38&33‘7 1? § marily fron.q the dolomite (calcium magm‘esium c?rbonate)
Sulfate (SO,) 16t01,750 250 5 s through which the water moves. The water is a calcium mag-
Chloride (Cl) 2to0 85 8 15 = nesium bicarbonate type in recharge areas and a calcium
Fluoride (F) 0.5t02.2 1.1 15 g / magnesium sulfate type in discharge areas (fig. 46).
Emrreml gt (T 8
Iron (Fe) 0.02 029 12 15 E= a5 percent Z o1 \\g? ) k
Values in percent of median major ion g v FreSh Ground'water Wlthdrawa]s
concentration, in milliequivalents &
”:D] Range of data from five wells in recharge areas Total fresh ground-water withdrawals from the Silurian—
. Modified from Norris and Fidler, 1973 : - Devonian aquifer in Illinois, Indiana, and Ohio were about 488
Fl ure 45. The qiialitiof water from wells in thia E Range of data from five wells in discharge areas el | )
Silg"ian—Deuonian aguifer!l!n l);)est-cer,:tral Ohio is typical 0'O1Ca Mg Na+K al S0 HCO ity gallqns par;day during 1 943, AbouF v perce'nt O.f fuis
of that for the entire aquifer. Calcium, magnesium, 4 3 water was withdrawn f_rom wel.ls com_pleted in the aqwfer in the
bicarbonate, and sulfate are the dominant ions in the CHEMICAL CONSTITUENTS Central Lowland Physiographic Province. The remainder came
water. Modified from Norris and Fidler, 1973 from wells located in southernmost Illinois and Ohio in the In-
terior Low Plateaus Province. Water withdrawn from the Silu-
rian-Devonian aquifer was about 21 percent of the total ground
9 percent water withdrawn for all three States during 1985. The withdraw-
Figure 47. Fresh ground- v EXPLANATION als from the Silurian-Devonian aquifer were about 15 percent

water withdrawals from the
Silurian-Devonian aquifer dur-
ing 1985 ranged from about 133
million gallons per day in Ohio
to about 215 million gallons per
day in Indiana. Withdrawals for
public supply were the largest
use category in lllinois and In-
diana; industrial, mining, and
thermoelectric power was the
largest use category in Ohio.

12 percent

Illinois
Total withdrawals 140
million gallons per day

24 percent

20
percent

Ohio
Total withdrawals 133
million gallons per day

Indiana
Total withdrawals 215
million gallons per day

Use of fresh ground-water withdrawals
during 1985—Total withdrawals 488

million gallons per day

Agriculture

IR

Public supply

Domestic and commercial

Industrial, mining, and

thermoelectric power

Data from U.S. Geological Survey files, 1990

of the total ground water withdrawn in lllinois, 18 percent in
Ohio, and 34 percent in Indiana. '

The volume of water withdrawn for some of the ground-
water use categories changes significantly from State to State
(fig. 47). Ground-water withdrawals from the Silurian-Devoni-
an aquifer for public supply during 1985 were about 92 million
gallons per day in lllinois, 97 million gallons per day in Indiana,
and 20 million gallons per day in Ohio. Public supply was the
largest use category in lllinois and Indiana. In Ohio, about 67
million gallons per day were withdrawn for industrial, mining,
and thermoelectric power use, the largest use category in the
State.
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CAMBRIAN-ORDOVICIAN

AQUIFER SYSTEM

The aquifers in rocks of Cambrian and Ordovician age and
the confining units that separate and overlie them are collec-
tively known as the Cambrian-Ordovician aquifer system.
Where this aquifer system is buried beneath Silurian and Devo-
nian rocks in the Central Lowland Province in Segment 10, it is
separated from the overlying Silurian-Devonian aquifer by the
Maquoketa confining unit, which consists of Upper Ordovician
shale, dolomite, and dolomitic shale. Where the Maquoketa
confining unit and younger Paleozoic rocks have been removed
by erosion, the Cambrian—-Ordovician aquifer system is over-
lain by the surficial aquifer system, except in the Driftless Area
in northwestern lllinois where the Cambrian—Ordovician aquifer
system is exposed at the land surface. The Cambrian—Ordovi-
cian aquifer system is underlain by low-permeability Precam-
brian crystalline rock throughout the Central Lowland Province.

The Cambrian—Ordovician aquifer system is complex and
multilayered; major aquifers are separated by leaky confining
units. Large withdrawals in the Chicago, Ill., and Milwaukee,
Wis., areas have created deep, extensive cones of depression
in the potentiometric surface of the aquifer system. The Cam-
brian-Ordovician aquifer system is a major source of water
supply in Segment 9 and is discussed in greater detail in the
chapter of this Atlas that describes that segment.

The Cambrian—-Ordovician aquifer system contains fresh-
water in a large area in northern lllinois (fig. 48). The fresh-
water flow systems within individual aquifers are partially iso-
lated from one another by leaky confining units that separate
the aquifers. Freshwater circulates to great depths in northern
lllinois because of the high permeability of the Cambrian-
Ordovician aquifer system and the large amount of recharge
that enters the system where the rocks crop out or subcrop
around the Wisconsin Arch to the northwest.

Water in the Cambrian—Ordovician aquifer system primar-
ily is under confined conditions and moves through primary
and secondary openings in the rocks. The primary openings
consist of bedding planes and the voids between the grains that
compose the sandstones; the secondary openings consist of
fractures and bedding planes in the clastic rocks and fractures
and solution channels in the carbonate rocks.

Parts of three principal aquifers, which consist of consoli-
dated rocks of Ordovician and Cambrian age, are present in
northern Illinois—the St. Peter—Prairie du Chien-Jordan, the
Ironton-Galesville, and the Mount Simon (fig. 49). These aqui-
fers extend into northern Illinois from Wisconsin and lowa. The
Jordan Sandstone of Late Cambrian age is a major part of the
St. Peter—Prairie du Chien-Jordan aquifer in Wisconsin and
lowa, but in Segment 10, this sandstone is part of the aquifer
only in western lllinois. The relations among the three princi-
pal aquifers and their associated overlying and underlying
confining units are shown in a hydrogeologic section from
Stephenson County, Ill., to Howard County, Ind. (fig. 50).

System Geologic unit Lithology Hydr?‘?‘?teloglc
M ok A
aquoketa Group = Feet
Galena Group Shale, dolomitic 2,000
c : shale,
2 Platteville Group and dolomite
.g Glenwood 1,000
3 éncell Formation
s rou
o P sgfr;(;s%t:,:e Sea level
Prairie du Chien Group Sandstone and
dolomite 1,000
Jordan Sandstone and
Eminence Dolomite
Potosi Dolomite y an
3 ; Dolomite and shale
= Franconia Formation 3,000
©
= Ironton Sandstone Gl
andstone
E Galesville Sandstone 4,000
(&)
Eau Claire Formation Siltstone and shale 5,000
Mount Simon Sandstone Sandstone 6,000

"Modified from Young, 1992.

F igure 49. Three aquifers, which are separated by con-
fining units, compose the Cambrian— Ordovician aquifer system.
The aquifers consist of sandstones, except for the water-yielding

beds in the Prairie du Chien Group, which consist of sandstone
and dolomite beds. The Maquoketa confining unit, which con-
sists mostly of shale, is the uppermost part of the aquifer system.

St. Peter—Prairie du Chien-

Quaternary deposits
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Extent of overlying Pennsylvanian aquifers
Extent of overlying Silurian-Devonian aquifer
Cambrian-Ordovician aquifer system

Confining unit

——————— Southern limit of freshwater in the St. Peter
Sandstone with dissolved-solids
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per liter or less
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Fi ig ure 50. A diagrammatic hydrogeologic section of
northern lllinois and Indiana shows the aquifers sloping

downuward into the edge of the Illinois Basin. The three

principal aquifers (St. Peter—Prairie du Chien - Jordan,
Ironton- Galesville, and Mount Simon) contain fresh-
water at depths of as much as 2,000 feet below land
surface in northernmost lllinois. In Illinois, depths to IL OoH
saltwater decrease southeastward. 40° T

Figure 51. The St. Peter-
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Jordan Aquifer

The St. Peter—Prairie du Chien—-Jordan aquifer lies beneath
the Maquoketa, the Galena, and the Platteville Groups, which
primarily are shale, dolomitic shale, and dolomite of low per-
meability. The aquifer consists of the fine- to medium-grained,
well-sorted, friable St. Peter Sandstone; the sandy, cherty
dolomites of the Prairie du Chien Group; and the fine- to
coarse-grained, dolomitic Jordan Sandstone. These rocks
contain freshwater in the northern one-fourth of lllinois. The
practical southern boundary of the aquifer is marked by a line
that traverses the State in a northeast-southwest direction (fig.
51) and represents water in the aquifer with dissolved-solids
concentrations of 10,000 milligrams per liter. This is consid-
ered to be the practical limit of the aquifer because ground-
water movement downgradient of the line is minimal. Although
the Jordan Sandstone is a major part of the aquifer in lowa and
Wisconsin, the Jordan is present in only a small part of west-
ern lllinois in Segment 10.

The top of the St. Peter—Prairie du Chien-Jordan aquifer
is more than 500 feet above sea level in the northernmost part
of Illinois and about 2,500 feet below sea level in central Illi-
nois (fig. 52). The average altitude of the top of the aquifer is
about 250 feet above sea level in the area where the aquifer
contains freshwater. The slope of the top of the aquifer gener-
ally is southward into the Illinois Basin.

The St. Peter—Prairie du Chien-Jordan aquifer is about 250
feet thick along the northern boundary of lllinois and about
1,250 feet thick in west-central Illlinois. The thickness averages
about 400 feet in the area where the aquifer contains fresh-
water. The aquifer is thinnest in northern lllinois where the
rocks of the Prairie du Chien Group were completely eroded
away before the deposition of the St. Peter Sandstone.

Before substantial volumes of ground water were with-
drawn from the Cambrian—-Ordovician aquifer system, water
levels in the St. Peter-Prairie du Chien-Jordan aquifer are es-
timated to have ranged from more than 900 feet above sea
level in parts of northern lllinois to about 500 feet above sea
level along the Mississippi River in west-central lllinois (fig. 53).
The direction of ground-water movement, as shown by the

~ arrows on figure 53, was from upland recharge areas toward

discharge areas at major streams and Lake Michigan.

Prairie du Chien - Jordan aqui-
fer contains freshwater in the
northern one-quarter of lllinois
in Segment 10. The 10,000-
milligram-per-liter dissolved-
solids concentration line marks
the practical southern limit of
the aquifer across central Illinois.
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St. Peter—Prairie du Chien-Jordan aquifer

the top of the St. Peter—Prairie du
Chien-Jordan aquifer averages
about 250 feet above sea level in
the northern one-quarter of Illinois
where the aquifer contains fresh- .
water. The top descends to about 41’
2,500 feet below sea level in
central Illinois.
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Figure 53. During the
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level along the Mississippi
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Ironton-Galesville Aquifer

The Ironton-Galesville aquifer is separated from the over-
lying St. Peter—Prairie du Chien-Jordan aquifer by dolomite and
poorly sorted, fine-grained clastic rocks of the Franconia For-
mation and the Potosi Dolomite (fig. 49). These low-perme-
ability rocks are collectively known as the Franconia confining
unit in northern Illinois.

The Ironton-Galesville aquifer consists of the Ironton and
the Galesville Sandstones of Cambrian age. These units are
lithologically similar and generally consist of fine- to coarse-
grained quartzose sandstone. They compose the most produc-
tive aquifer of the Cambrian-Ordovician aquifer system in
northeastern Illinois and yield much of the ground water with-
drawn in the Chicago area.

The sandstones of the Ironton-Galesville aquifer were not
deposited to the southwest of a line that marks the limit of the
aquifer in west-central lllinois (fig. 54). In central and eastern
lllinois, the line that represents water in the aquifer that con-
tains dissolved-solids concentrations of 10,000 milligrams per
liter marks the practical limit of the aquifer.

The top of the Ironton-Galesville aquifer slopes from about
250 feet above sea level in northernmost Illinois to about
2,500 feet below sea level in the west-central part of the State
(fig. 55). The average altitude of the top of the aquifer in Illi-
nois is about 1,000 feet below sea level. The thickness of the
aquifer ranges from more than 200 feet southwest of Chicago
to zero at the depositional limit. The average thickness of the
aquifer is about 150 feet in northern Illinois.

Estimated water levels (hydraulic head) for the Ironton—
Galesville aquifer before the development of substantial
ground-water supplies from the Cambrian—Ordovician aquifer
system are shown in figure 56. Water levels were about 800
feet above sea level along the northern border of lllinois and
less than 700 feet above sea level in the southern part of the
area. Water levels were slightly higher in the Ironton-Galesville
aquifer than those in the deeper Mount Simon aquifer along
the Illinois—Wisconsin State line. Ground-water flow in the
Ironton-Galesville aquifer generally was southward toward the
lllinois Basin from recharge areas in Wisconsin.

Mount Simon Aquifer

The Mount Simon aquifer underlies the northern part of
lllinois and the northwestern part of Indiana in Segment 10. It
is separated from the Ironton-Galesville aquifer by low-perme-
ability siltstones and shales of the Eau Claire Formation. These
low-permeability rocks are known as the Eau Claire confin-
ing unit (fig. 49).

The Mount Simon aquifer consists of sandstone that con-
tains water with a wide range of concentrations of dissolved
solids (fig. 57). In Segment 10, only the upper part of the
aquifer in northern lllinois contains freshwater. Dissolved-
solids concentrations increase with depth (fig. 50) and toward
the south and east. The line that shows dissolved-solids con-
centrations of 10,000 milligrams per liter on figure 57 marks
the practical southern limit of the aquifer.

The top of the Mount Simon aquifer ranges from slightly
above sea level to more than 2,000 feet below sea level
(fig. 58). The depth to the top of the aquifer decreases toward
the north; the aquifer crops out on the flanks of the Wiscon-
sin Arch in Wisconsin. The average depth to the top of the
aquifer in northern lllinois is about 800 feet below sea level.

The thickness of the Mount Simon aquifer in northern II-
linois ranges from slightly less than 1,000 feet in northernmost
[llinois to more than 2,500 feet southwest of Chicago. The av-
erage thickness is between 1,500 and 2,000 feet. The Mount
Simon aquifer is by far the thickest aquifer in the Cambrian-
Ordovician aquifer system in Segment 10.

Estimated hydraulic heads (water levels) in the Mount
Simon aquifer before substantial ground-water supplies were
developed from the Cambrian-Ordovician aquifer system in
northern lllinois are shown in figure 59. The predevelopment
potentiometric surface is estimated to have been more than
800 feet above sea level northwest of Chicago and less than
700 above sea level to the east, south, and west. Ground-water
movement was away from the high hydraulic heads (high water
levels) toward lower heads (lower water levels) present along
major rivers and Lake Michigan.

Ground-Water Quality

Most of the data on the quality of water from the Cam-
brian-Ordovician aquifer system in northern Illinois are from
wells that are open to more than one aquifer in the system.
Thus, the data represent the average quality of water from the
entire system. The quality of water from the Cambrian-Ordovi-
cian aquifer system in northern Illinois generally is suitable for
most uses. However, the water commonly is hard and might
contain concentrations of dissolved solids, sulfate, and iron that
exceed secondary maximum contaminant levels established
by the U.S. Environmental Protection Agency for drinking water
(fig. 60).

Water from 74 wells completed in the Cambrian—-Ordovi-
cian aquifer system in northern lllinois had concentrations of
dissolved solids that ranged from about 260 to 1,180 milli-
grams per liter, concentrations of hardness-causing constitu-
ents that ranged from about 250 to 420 milligrams per liter,
sulfate concentrations that ranged from less than 10 (detec-
tion limit) to about 400 milligrams per liter, and iron concen-
trations that ranged from less than 50 (detection limit) to about
2,000 micrograms per liter (fig. 60).

The composite water that represents the Cambrian-Or-
dovician aquifer system is a calcium magnesium bicarbonate
type in northern lllinois (fig. 61). Toward the south where the
aquifers are deeply buried, the water changes to a calcium
magnesium bicarbonate chloride type; to the southwest, it
changes to a sodium bicarbonate chloride type as it moves
down the hydraulic gradient. Still further downgradient, the
water changes to a sodium chloride type. Sulfate is one of the
dominant dissolved constituents of the water in the aquifer
system in a small part of west-central lllinois.
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Figure 54.
in the northern one-quarter of lllinois. The 10,000-milligram-per-liter
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Figure 57. Dissolved-solids concentrations are less than

1,000 milligrams per liter in water from the top of the Mount Simon
aquifer in northern [llinois. The water becomes much more saline a
short distance to the south and with increasing depth in the aquifer.
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Figure 56. During the middle 18005, it is estimated that the
potentiometric surface of the Ironton— Galesville aquifer ranged from
about 800 feet above sea level along the northern border of Illinois

to less than 700 feet above sea level toward the south. Ground water
flowed from areas of high water levels (hydraulic head) in the north

to areas of lower water levels in the south.

Fi ig ure 55. The top of the Ironton - Galesville aquifer ranges
from about 250 feet above sea level in northernmost lllinois to
about 2,500 feet below sea level in west-central lllinois.
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Fig ure 59. Hydraulic heads (water levels) in the Mount
Simon aquifer are estimated to have been higher than 800 feet
above sea level in northeastern Illinois in the middle 1800.
Ground water flowed toward the east, south, and west, where
the hydraulic heads were lower.

Figure 58. The top of the Mount Simon aquifer ranges from
Just above sea level in northernmost lllinois to more than 2,000
feet below sea level along the southern limit of the aquifer.
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Figure 61. Ground water
in the Cambrian - Ordovician
aquifer system in northern
lllinois changes from a calcium
magnesium bicarbonate type
in the north to a sodium chlo-
ride type toward the south.
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Fresh Ground-Water Withdrawals

Major areas of ground-water withdrawal from the Cam-
brian-Ordovician aquifer system in northern Illinois are shown
in figure 62. The areas of largest withdrawal are near Chicago.

About 260 million gallons per day were withdrawn from
the Cambrian-Ordovician aquifer system in northern Illinois
during 1980. Of this amount, 68 percent, or about 177 mil-
lion gallons per day, was withdrawn in an eight-county area
around Chicago. The increase in water use from 1864 to 1980
in this area is shown in figure 63. Total ground-water withdraw-
als from the Cambrian-Ordovician aquifer system in northern
lllinois were about 315 million gallons per day during 1985. It
is estimated that the 1985 withdrawals from the aquifer sys-
tem were about three times the recharge rate.

As a result of withdrawals in the Chicago, Ill., and Milwau-
kee, Wis. areas, the potentiometric surface of the Cambrian-
Ordovician aquifer system had declined more than 800 feet by
1980 in the pumping centers west of Chicago, and more than
300 feet in the pumping center west of Milwaukee (fig. 64).
The large cones of depression around these pumping centers

spread westward and northwestward to areas where the Ma-
quoketa confining unit is absent. Where this confining unit has
been removed by erosion, the upper part of the Cambrian-Or-
dovician aquifer system is in direct contact with the overlying
surficial aquifer system in north-central lllinois and southeast-
ern Wisconsin. Where the two systems are in contact, the
Cambrian-Ordovician aquifer system received large amounts
of recharge from the shallower system, thus limiting the spread
of the cones of depression. Beginning in the mid-1980’s, with-
drawals from the Cambrian-Ordovician aquifer system de-
clined as some users switched to water from Lake Michigan as
a source of supply. Water levels in the aquifer system had begun
to rise by 1985 as a result of the decreased withdrawals.
Fresh ground-water withdrawals from the Cambrian—Or-
dovician aquifer system totaled 315 million gallons per day dur-
ing 1985. About 197 million gallons per day was withdrawn
for public supply and about 77 million gallons per day was
withdrawn for industrial, mining, and thermoelectric power pur-
poses. Withdrawals for commercial and domestic needs were
nearly 35 million gallons per day, and about 6 million gallons
per day was withdrawn for agricultural purposes (fig. 65).
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Figure 63. Average fresh

ground-water withdrawals from
the Cambrian- Ordovician aqui-
fer system in the eight-county
area around Chicago increased
from about 0.2 million gallons
per day during 1864 to about
177 million gallons per day
during 1980.
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water withdrawals from the
Cambrian-Ordovician aquifer
system in northern Illinois were
about 315 million gallons per
day during 1985. Public-supply
withdrawals accounted for
about 63 percent of the total wa-
ter withdrawn, and industrial,
mining, and thermoelectric
power withdrawals accounted
for about 24 percent of the total.
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declines were caused by these
withdrawals, ground water flowed
from all directions toward the
pumping centers.
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F ig ure 62. The Cambrian-Ordovician aquifer system is relied
on for large ground-water supplies in northern lllinois. During 1980,
average ground-water withdrawals were about 177 million gallons
per day in an eight-county area around Chicago. Of this amount,
about 68 million gallons per day was withdrawn in Cook County,
which includes Chicago.

Figure 64. As aresult of large
ground-water withdrawals from the
Cambrian- Ordovician aquifer
system from 1864 to 1980, the
potentiometric surface of the aquifer
system declined more than 800 feet
around pumping centers west of
Chicago and more than 300 feet
around the pumping center west of
Milwaukee, Wis. In the areas where
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INTRODUCTION

The Interior Low Plateaus aquifers in Segment 10 consist
of the same two general categories of rocks as those in the
Central Lowland Province—unconsolidated sand and gravel
deposits of Quaternary age that compose the surficial aqui-
fer system and consolidated limestone, dolomite, and sand-
stone of Paleozoic age (figs. 66 and 67). The surficial aquifer
system is present only along the Ohio River Valley and a few
of its tributaries in the northern part of the Interior Low Pla-
teaus Province (fig. 66A), in contrast with the large areal ex-
tent of the aquifer system in the Central Lowland Province. The
principal aquifers in Paleozoic rocks are sandstone and lime-
stone aquifers in rocks of Pennsylvanian age, limestone aqui-
fers in rocks of Mississippian age, and limestone and dolomite
aquifers in rocks of Devonian, Silurian, and Ordovician age
(figs. 66B and 67).

The major hydrogeologic difference between the Interior
Low Plateaus and the Central Lowland Provinces is the re-
stricted distribution of the Quaternary deposits of the surficial
aquifer system and the consequent exposure of the Paleozoic
rocks throughout most of the Interior Low Plateaus. As a re-
sult, recharge to and discharge from the aquifers in rocks of
Paleozoic age take place directly in the Interior Low Plateaus
Province, whereas they take place mostly through the Quater-
nary deposits in the Central Lowland Province. Precipitation
is the primary source of recharge in the Interior Low Plateaus
Province. Most of the precipitation becomes overland runoff to
streams, but some percolates downward through soil and re-
siduum to the underlying bedrock. Some water is stored in and
moves through intergranular pore spaces in the soil, residuum,
and unconsolidated deposits of Quaternary age. In the con-
solidated rocks, however, most of the water moves through and
is discharged from secondary openings, such as joints, frac-
tures, bedding planes, and solution openings. As a result,
ground-water discharge from springs is common throughout
the Interior Low Plateaus Province in Segment 10.
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Fi ig ure 66 The surficial aquifer system consists of sand and
gravel deposits of Quaternary age located primarily along the
Ohio River (A). Aquifers in consolidated rocks that range in age
from Ordovician to Pennsylvanian extend over large parts of the
Interior Low Plateaus Province (B).
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F igure 67. Sand and gravel of alluvial origin compose the sur-
ficial aquifer system. Aquifers in consolidated rocks of Paleozoic age
are mostly limestone and dolomite, but the Pennsylvanian aquifers
consist of sandstone with some limestone. The light gray areas
represent missing rocks.
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Pennsylvanian aquifers

Mississippian aquifers
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SURFICIAL AQUIFER SYSTEM

The sand and gravel deposits of Quaternary age along the
Ohio River compose the principal aquifers in unconsolidated
rocks in the Interior Low Plateaus Province in Segment 10.
These aquifers, which are collectively called the surficial aqui-
fer system, consist primarily of alluvium reworked from the
Quaternary glacial sand and gravel deposits of the surficial
aquifer system in the Central Lowland Province to the north.

The distribution and approximate thickness of the Qua-
ternary deposits in the Interior Low Plateaus Province are
shown in figure 68. Typically, the lower two-thirds or more of
the alluvial deposits consists of coarse sand and gravel that
directly overlie bedrock. These coarse-grained sediments form
the principal aquifers in unconsolidated rocks. The upper part
of the alluvial deposits consists of fine sand, silt, and clay. All
or part of these fine-grained sediments may be unsaturated.

The saturated thickness of the Quaternary deposits in-
creases from east to west along the Ohio River. In Kentucky,
the saturated thickness is about 35 feet in Lewis County, about
80 feet around Louisville in Jefferson County, and about 110
feet in Henderson County. If all other factors remain the same,
then the amount of water an aquifer will yield increases in direct
proportion to the saturated thickness of the aquifer.

Aquifer Characteristics and
Well Yields

Aquifer-test data from Kentucky indicate that median
values of transmissivity for different areas of the surficial aqui-
fer system along the Ohio River range from about 4,400 to
28,000 feet squared per day. The greater the transmissivity,
the more readily water can move through the aquifer system.
The median specific capacities reported for 173 wells com-
pleted in different areas of the surficial aquifer system along
the Ohio River in Kentucky range from about 14 to 110 gal-
lons per minute per foot of water-level drawdown. These data
indicate that large yields can be expected from wells completed
in the sand and gravel aquifers, particularly where the satu-
rated deposits are coarse grained and thick. It is common for
wells near the Ohio River to have sustained yields of 1,000
gallons per minute if they are completed in coarse-grained,
well-sorted, thick alluvial deposits that are hydraulically con-
nected to the river.

Figure 70. During 1985,
fresh ground-water withdrawals
from the surficial aquifer system
in Kentucky for industrial, min-
ing, and thermoelectric power
uses were about 81 million gal-
lons per day.

Kentucky
Total withdrawals 113
million gallons per day

Silurian-Devonian aquifer
Ordovician aquifers
Not a principal aquifer

Interior Low Plateaus Province boundary

Ground-Water Quality

Chemical analyses of water from selected wells completed
in the surficial aquifer system in the Louisville, Ky., area are
shown in figure 69. These data are examples of the chemical
characteristics of water from the sand and gravel aquifers in
the Interior Low Plateaus Province.

The water typically is hard and is a calcium magnesium
bicarbonate sulfate type (fig. 69) with large concentrations of
iron. Large dissolved-solids concentrations (exceeding 500
milligrams per liter) and large iron concentrations (exceeding
0.3 milligram per liter) are common problems. Dissolved-sol-
ids concentrations in water from wells in the Louisville area
range from about 220 to about 2,360 milligrams per liter with
a median of 960 milligrams per liter.

The distance of wells from rivers and streams and the type
of underlying bedrock affect the chemical characteristics of the
water from wells completed in the surficial aquifer system.
Concentrations of dissolved solids, hardness-causing constitu-
ents (calcium and magnesium in particular), and, in some
cases, sulfate are likely to be larger in water from wells in
areas underlain by limestone and smaller in water from wells
near rivers and streams. The larger concentrations of these
constituents might result from mixing of the water in the
surficial aquifer system with more highly mineralized water that
is discharged from the underlying limestone into the sand and
gravel aquifers. The smaller concentrations might result from
the mixing of ground water with less mineralized river water that
recharges the aquifer system near pumping wells.

Fresh Ground-Water Withdrawals

During 1985, about 113 million gallons per day was with-
drawn from wells completed in the surficial aquifer system in
the Interior Low Plateaus Province in Segment 10. Most of the
withdrawals were along the Ohio River in Kentucky. The 113
million gallons withdrawn from this aquifer is about 55 percent
of the total fresh ground water withdrawn in Kentucky during
1985. Almost three-fourths of the water withdrawn from the
surficial aquifer system during 1985 was used for industrial,
mining, and thermoelectric power purposes (fig. 70). With-
drawals for public supply were the second largest use category.

EXPLANATION

Use of fresh ground-water withdrawals
during 1985, in percent

Publi |
0.4 percent 1C BUpPY

Domestic and commercial

Agricultural

RELE

Industrial, mining, and
thermoelectric power

Data from U.S. Geological Survey files, 1990
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Fresh Ground-Water Withdrawals—
Continued

The history of withdrawals in the Louisville area in Jef-
ferson County, Ky., is an example of how the need for ground
water can change through time (fig. 71). From 1937 to 1940,
fresh ground-water withdrawals were about 40 million gallons
per day in the Louisville metropolitan area. The use of ground
water rose sharply until withdrawals were about 100 million
gallons per day during 1943 and 1944 because of increased
industrial activity during World War II. After the war, withdrawals
declined to the point that only about 15 million gallons per day
was withdrawn in Jefferson County during 1985; the total with-
drawal that year was less than one-half the average annual
withdrawals from 1946 to 1952.

Water levels in the surficial aquifer system in the Louis-
ville area have risen in response to the decrease in ground-
water withdrawals. The hydrograph shown in figure 72 illus-
trates the decline and rise of the water level in a well in north-
eastern Louisville from 1937 to 1983. The water level began
to rise in 1962 and continued to rise until 1980. The rise was
more than 50 feet in a small part of downtown Louisville, as
shown by the map in figure 72, and caused some problems
in the area. Perhaps the most severe problems were the weak-
ening of basements because of water leaks and local damage
to underground gas, electric, water, and sewer lines.

PENNSYLVANIAN AQUIFERS
Hydrogeologic Setting

Sandstones of Pennsylvanian age are the principal aqui-
fers in consolidated rocks throughout most of the northwest-
ern part of the Interior Low Plateaus Province in Segment 10.
These sandstones are present in the northwestern part of
Kentucky (known as the Western Coal Field), southwestern
Indiana, and part of the southern tip of Illinois (fig. 73). Where
present, these sandstones are used as a source of water ex-
cept where they are overlain by Quaternary sand and gravel
aquifers of the surficial aquifer system in the valleys of the Ohio
River and its tributaries.

The Pennsylvanian rocks are folded into a syncline
(fig. 74) that plunges to the north and northwest into the Illi-
nois Basin. Sandstones of the Caseyville and the Tradewater
Formations are at land surface on the periphery of the area
as shown in figure 73 and dip beneath younger Pennsylvanian
rocks in the central part of the area. The rocks are offset by
several nearly vertical faults that trend east to west and might
act as conduits for or barriers to ground-water movement.

The Pennsylvanian sandstones, like those in the Central
Lowland Province, are part of repeating sequences of coal-
bearing rocks deposited during sedimentary cycles. An ideal
complete cycle consists of the following sequence of beds,
listed from bottom to top: basal sandstone, sandy shale, lime-
stone, underclay, coal, gray shale, limestone, black platy shale,
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Figure 71. Fresh ground-water withdrawals in the Louisville
metropolitan area in Jefferson County, Ky., were largest during an
increase of industrial activity during World War Il (1941-45).

limestone, and silty gray shale with iron concretions. Most of
the sandstones are in the upper and lower parts of the Penn-
sylvanian rocks (fig. 75). The sandstones mostly are channel-
fill deposits and are separated by sequences of shale, coal, and
limestone. Sandstones are more common north of the Rough
Creek Fault System than south of it, and shale, sandy shale,
and limestone are more common south of the fault system than
to the north.

Part of the precipitation that falls on the exposed Penn-
sylvanian rocks percolates downward to the water table to
recharge the aquifers in these rocks. The water then moves
through the aquifers from areas of higher hydraulic head (high
water levels), such as uplands and interstream areas, to dis-
charge at areas of lower hydraulic head (low water levels), such
as streams and springs. The water primarily moves through
fractures and bedding planes in the rocks. The general direc-
tion of regional ground-water movement is toward the Ohio
River and its tributaries. Most of the ground water moves along
short flow paths through the shallow parts of the zone of satu-
ration to discharge at nearby streams. Some water discharges
to springs and wells.

In most places, the freshwater—saltwater interface in the
Pennsylvanian aquifer is at depths of less than 500 feet below
land surface. The deepest occurrence of freshwater in these
aquifers is in Hopkins and Muhlenberg Counties, Ky. Here,
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Figure 72. A decrease in ground-water withdrawals, com-
bined with an increase in annual precipitation during the 1970,
caused water levels to rise in the surficial aquifer system in Louis-
ville, Ky. Such water-level rises can flood basements and interfere

with utility services and maintenance.

Figure 73. Sandstones
that form the principal aquifers
in the Pennsylvanian rocks
underlie northwestern Ken-
tucky and adjacent parts of
Indiana and Illinois.
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deep freshwater is unknown.
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Figure 74. Pennsylvanian rocks are offset by 1,000

faults in some places and are folded in other places.
The depth to water with a dissolved-solids concen-
tration of 1,000 milligrams per liter averages less
than 500 feet but can be as great as 1,000 feet. The
line of the section is shown in figure 73.
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Figure 75. Most of the sandstone aquifers are in the Caseyville
and the Tradewater Formations south of the Rough Creek Fault
System and in the Sturgis Formation north of the fault system. The
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Concentrations in milligrams per liter
Number of
Constituent Range Median samples
Hardness (CaCO,) 2to 215 22 26
Calcium (Ca) 111052 6 2/ iK% Na
Magnesium (Mg) Oto 11 1.8 21 51.0 percent
Sodium (Na) 11t0 1,350 240 19
Potassium (K) 0.6 t0 8.6 1.6 18
Bicarbonate (HCO,) 156 to 1,400 522 26
Sulfate (SO,) 0.3 to 109 11 26
Chloride (Cl) 0.4 to 1,720 33 26
Fluoride (F) 0to4.2 0.6 24
Dissolved solids 186t0 3,710 631 24
Nitrate (NO,) 0to1.8 0.2 22 , s iR
Iron (Fe) 0.01t07.9 023 25 Values in percent _of median major ion
concentration, in milliequivalents per liter

Modified from Maxwell and Devaul, 1962;
Sprinkle and others, 1983

0 5 10 MILES

0 5 10 KILOMETERS

aquifers in the Caseyville and the Tradewater Formations generally liter.

contain saltwater. The gray areas represent missing rocks.

Aquifer Characteristics and
Well Yields

Limited data from wells completed in the Pennsylvanian
aquifers in Kentucky indicate well yields range from 0.5 to 150
gallons per minute and average about 25 gallons per minute.
The median well yield is 9 gallons per minute.

Large water-level declines might result from small to
moderate ground-water withdrawals in some of the Pennsylva-
nian aquifers. Such declines are most probable in aquifers that
have low permeability, small areal extent, and limited recharge.
Water levels in the sandstone aquifers that lie at depths of
greater than 500 feet below land surface and that are com-
pletely surrounded by rocks of low permeability are the most
likely to show large declines. Typically, large water-level de-
clines are accompanied by high costs of the energy used to
pump the water.

K16

Ground-Water Quality

Sparse data indicate that the aquifers in Upper Pennsyl-
vanian rocks contain hard water that is a calcium magnesium
bicarbonate type. The calcium and magnesium in the water
probably are derived from the partial dissolution of limestone
beds or carbonate cements in sandstone beds.

The quality of the ground water from the sandstone aquifer
in Lower Pennsylvanian rocks in the Interior Low Plateaus
generally is suitable for most uses. The water typically is soft
and is a sodium bicarbonate type (fig. 76). In places, the water
contains concentrations of iron that exceed 0.3 milligram per
liter. Water from wells deeper than 500 feet might contain
concentrations of chloride that exceed 250 milligrams per li-
ter. In places, dissolved-solids concentrations exceed 500
milligrams per liter. Saltwater locally is present in the Penn-

. Data from Davis and others, 1974
Figure 76. Water from the sandstone aquifers in Lower Penn-
sylvanian rocks typically is soft and is a sodium bicarbonate type.
Dissolved-solids concentrations locally exceed 500 milligrams per

sylvanian aquifers at depths as shallow as 100 feet. The shal-
low saltwater usually is beneath the valleys of major streams.

Fresh Ground-Water Withdrawals

Only small quantities of freshwater are withdrawn from the
sandstone aquifers in Pennsylvanian rocks in the Interior Low
Plateaus Province in Segment 10. Total withdrawals during
1985 were estimated to be about 10 million gallons per day,
of which about 6 million gallons per day was withdrawn in
Kentucky and about 2 million gallons per day was withdrawn
in each of lllinois and Indiana. During 1985, 74 percent of the
water withdrawn from these aquifers in Kentucky was used for
domestic and commercial purposes, and 18 percent was with-
drawn for industrial, mining, and thermoelectric power uses
(fig. 77). Practically all the remaining withdrawals were for
public supply.

74.0 percent

Kentucky
Total withdrawals 10
million gallons per day

EXPLANATION

Use of fresh ground-water withdrawals during
1985, in percent

Public supply
Domestic and commercial

Agricultural

=
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Industrial, mining, and
thermoelectric power

Data from U.S. Geological Survey files, 1990

Figure 77. Domestic and commercial withdrawals, together
with withdrawals for industrial, mining, and thermoelectric power
uses, accounted for 92 percent of the ground water withdrawn
from sandstone aquifers in Pennsylvanian rocks in Kentucky
during 1985.
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The altitude and configuration of the potentiometric sur-
face and the general direction of ground-water movement in
the Mississippian aquifers (the Ste. Genevieve and the St. Louis
Limestones) in western Kentucky are shown in figure 82. The
altitude of the potentiometric surface ranges from less than
400 feet above sea level in the west to more than 900 feet

EXPLANATION above sea level in three small areas in the east. However, little,
if any, regional ground-water flow occurs. Most of the flow is
local, toward springs and the few streams that drain the area.
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Mississippian aquifers in western Kentucky ranges from less than
400 to about 900 feet above sea level. Most ground-water flow is 0 20 40KILOMETERS
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Effects of Dissolution

An idealized diagram of some of the common types of
features that develop on the land surface where Mississippian
limestones are exposed and are partially dissolved by circu-
lating, slightly acidic ground water is shown in figure 83. Re-
charge water enters the limestone aquifers through sinkholes,
swallow holes, and sinking streams. Stream density, as mea-
sured by the total length of perennial streams in a square mile,
is low in areas underlain by the limestone; this indicates that
most of the surface runoff is quickly routed underground
through solution openings in the rocks. In the subsurface, most
of the water moves through caverns and other types of large
solution openings.

An excellent example of the extent and interconnection
of large solution cavities that form as a result of the dissolu-
tion of limestone by circulating freshwater is the Mammoth
Cave area in Kentucky (fig. 84). The Mississippian limestones
that underlie the Mammoth Cave Plateau are riddled with sink-
holes and solution cavities that have developed along bedding
planes and joints. Some of these solution openings form the
large caves that have fascinated visitors and area residents
since pioneer times (fig. 85). As the network of caves devel-
ops, surface streams might be diverted into sinkholes and flow
through the larger solution openings as underground streams.
Sand and other sediment carried by the underground streams
abrade the limestone; this further enlarges the opening through
which the stream flows.

The solution openings in the limestone are so well devel-
oped in the Mammoth Cave area that most surface runoff
enters the rocks through sinkholes and moves through solu-
tion cavities to springs (fig. 86). Accordingly, surface streams
in the area are few. Most of the water moves rapidly downward
through enlarged, well-connected solution openings to the
main water table and then moves laterally to discharge from
springs into the Green River. Some of the solution openings
are large enough to contain underground streams, such as
Echo River (fig. 87). However, some of the water moves more
slowly through openings that are small and poorly intercon-

nected; for example, small quantities of water move slowly
through intergranular spaces and small fractures in the Big
Clifty Sandstone Member of the Golconda Formation. Larger
quantities of water move more rapidly through small openings
in some parts of the limestone of the underlying Girkin For-
mation, and very large quantities of water move rapidly through
a large network of solution openings in the Ste. Genevieve and
the St. Louis Limestones (fig. 86). Discontinuous layers of
shale in the Girkin Formation impede the downward movement
of water where the shales are present and help support perched
water bodies. The top of the perched water bodies might be
300 feet or more above the main water table.

The presence or absence of solution openings affects
aquifer recharge and discharge in the Mammoth Cave area and
is reflected by the water levels in wells completed in different
aquifers. The Union City well (fig. 88A) is completed in the
Big Clifty Sandstone Member of the Golconda Formation (fig.
86), which is a rock unit with few large openings. The water
levels in this well show that recharge to the Big Clifty is rapid
and mostly takes place from late winter to early spring. Some
of the water discharges to springs, but most drains gradually
into deeper aquifers during the rest of the year. When the hy-
draulic head (water level) in the Big Clifty is high, the water
drains rapidly into the rocks below, but as the water level con-
tinues to decline, the water drains more and more slowly. In
contrast, the well at CCC No. 2 (fig. 88B) is open to the Ste.
Genevieve and the St. Louis Limestones (fig. 86), which are
characterized by an abundance of well-connected solution
openings. The water level in these rocks can fluctuate rapidly
depending on antecedent conditions, the season of the year,
and local precipitation. The water level in the well at CCC No.
2 showed almost no change during dry weather and after light
summer rains; however, following periods of greater-than-nor-
mal precipitation (fig. 88C), the water level rose sharply. This
water-level response indicates that the well at CCC No. 2 is
open to solution openings in the limestone. These openings
allow rapid recharge to and equally rapid discharge from the
aquifer during and immediately following periods of intense
precipitation.

e

Figure 85. Where the solution openings in limestone are

Photograph by Joe Miman, U.S. National
Park Service, Mammoth Cave, Ky.

large and well connected, they might form networks of caves,
such as Mammoth Cave. The openings can be enlarged at the
bottom as the limestone is eroded by sediment-laden streams

flowing through them.
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Figure 86. The Ste. Genevieve and the St. Louis Limestones
that underlie the Mammoth Cave Plateau contain a well-developed
network of solution openings. These openings were formed by dis-
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Modified from Brown, 1966

Figure 83. The dissolution of
limestone forms characteristic land-surface
features, such as sinkholes, swallow holes, sinking

streams, and springs, shown in this idealized diagram.

e P

In areas underlain by the Mississippian aquifers, few streams are
present because most of the precipitation is quickly routed into and

through solution openings in the rocks.
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Figure 84. The Mammoth Cave area in central Kentucky is
one place where ground-water recharge, movement, and discharge
have been studied in relation lo dissolution of limestone. Dye trace
studies show that water enters the limestone through swallow holes
that capture most of the surface drainage. The water then moves
through cave systems until it discharges to springs or to the Green
River.

Figure 87. The Echo River flows through one of the larger

solution openings in the network of caverns that composes

Mammoth Cave.

Aquifer Characteristics, Yields of
Wells, and Discharges of Springs

The hydraulic characteristics of the Mississippian aquifers
vary greatly over short distances. For example, the ability of
limestone with large, interconnected solution openings to
transmit and yield water is several orders of magnitude greater
than that of the almost impermeable blocks of limestone be-
tween solution openings, fractures, and bedding planes. These
large differences are reflected in the yield and specific capac-
ity of wells completed in the limestone aquifers and the dis-
charges of springs that issue from these aquifers.

The data in table 1 indicate that the yields of wells com-
pleted in the Mississippian aquifers vary greatly. Well yields
commonly range from 2 to 50 gallons per minute, and reported
maximum yields range from about 100 gallons per minute in
Indiana to 1,000 gallons per minute in Illinois. Wells that pen-
etrate large, saturated solution openings may yield several
thousands of gallons per minute. However, such openings
constitute only a small part of the rock and might be difficult
to locate.

Table 1.

Modified from Quinlan and others, 1983

Photograph by Joe Meiman, U.S. National
Park Service, Mammoth Cave, Ky.

Yields of wells completed in the
Mississippian aquifers commonly range from 2
to 50 gallons per minute and locally exceed
1,000 gallons per minute

[Data source: U.S. Geological Survey, 1985]

Yield of wells completed in Mississippian
aquifers (gallons per minute)

Common May

State range exceed
[llinois 51025 1,000
Indiana 2to 25 100
Kentucky 2to 10 500
Tennessee 5 to 50 400




Aquifer Characteristics, Yields of
Wells, and Discharges of Springs—
Continued

The discharges of 31 selected springs that issue from Mis-
sissippian aquifers in the western part of the Interior Low Pla-
teaus Province in Tennessee range from about 3 to 1,100
gallons per minute, with a median discharge of about 200
gallons per minute (fig. 89). These springs issue mainly from
the Warsaw Limestone and the Fort Payne Formation, and
those that discharge several hundred gallons per minute or
more are equally distributed between the Warsaw and the Fort
Payne. These data indicate that discharge can vary from spring
to spring.

The distribution of discharges for six large springs in
Kentucky is shown in figure 90. These springs issue prima-
rily from the St. Louis Limestone. These discharges, which
were measured from 1951 to 1960, indicate the variability from
spring to spring and through time at a given spring. The dif-
ference between the high and low discharges measured at a
spring varies by a factor of about 5 to about 200. Knowledge
of such discharge variability is important when planning the
use of springs for water supply. Discharges of the springs
shown in figure 90B are more variable than those of the
springs shown in figure 90A.

Ground-Water Quality

The quality of water in the Mississippian aquifers in Ken-
tucky is somewhat different from that in Tennessee (fig. 91).
The range of concentrations and the median concentration of
dissolved solids, iron, and the median hardness are greater for
water from these aquifers in Kentucky than in Tennessee.
However, median concentrations of dissolved solids and iron
in both States are less than the secondary maximum contami-
nant levels for drinking water established by the U.S. Environ-
mental Protection Agency. The quality of the water generally
is adequate, or it can be treated and made adequate for most
uses.

Water-quality data from wells and springs in the Missis-
sippian aquifers in Kentucky indicate that the water is either a
calcium magnesium bicarbonate type or a calcium bicarbon-
ate type. The water type changes slightly as the proportion of
magnesium and sulfate vary. Chemical analyses of water from
wells and springs in the St. Louis Limestone were selected to
represent the quality of water in the Mississippian aquifers in
Kentucky (fig. 92). Water from wells (fig. 92A) has a larger
proportion of magnesium and sulfate and a slightly larger pro-
portion of chloride than that from springs (fig. 92B). Sparse
data from wells and springs in Tennessee indicate that the
quality of the water in the Mississippian aquifers is similar to
that of Mississippian aquifer spring water in Kentucky.

Water with the large concentrations of sulfate is from wells
that penetrate anhydrite and gypsum beds in the deeper parts
of the Mississippian aquifers in Kentucky. The water moves
slowly and follows long flow paths in the deep parts of the
aquifers; therefore, the water is in contact with the aquifer
minerals for a long time and dissolves much mineral material.
In contrast, water that discharges from springs and water from
wells that penetrate only shallow parts of the aquifers have
smaller concentrations of dissolved solids because the water

has moved only short distances or has had limited residence

time in the aquifers and thus has had little opportunity to dis-
solve minerals.

Contaminated and turbid water are problems that can
plague the users of water from wells and springs in limestone
aquifers. Sinkholes are sometimes used to dispose of solid and
liquid wastes. Water that recharges limestone aquifers through
waste-filled sinkholes can transport contaminants into the
aquifer, and the contaminated water can spread rapidly through
a system of interconnected solution openings until it reaches
wells or springs. Solution features, such as swallow holes, in
streambeds allow sediment-laden storm runoff to enter the
aquifers directly. Turbid water also can be caused by pumping
of large-capacity wells, which results in the rapid movement
of water through solution openings lined with silt or clay. Con-
tamination and turbidity problems can become worse during
periods of prolonged, intense rainfall.

Fresh Ground-Water Withdrawals

Total fresh ground-water withdrawals during 1985 from the
Mississippian aquifers in the Interior Low Plateaus part of Seg-
ment 10 were about 64 million gallons per day (table 2). No
1985 withdrawal data were available for the Mississippian
aquifers in lllinois; therefore, 1980 withdrawals were used for
tabulation. About 80 percent of the total withdrawals were in
Tennessee and Kentucky where the Mississippian aquifers are
most areally extensive. Ground-water withdrawals in Tennes-
see and Kentucky were primarily for public supply and domes-
tic and commercial uses (fig. 93). These use categories ac-
counted for about 73 percent of the total withdrawals in Ten-
nessee and about 92 percent in Kentucky during 1985. The
remaining withdrawals were for agricultural and industrial and
mining purposes. No water was withdrawn from the Mississip-
pian aquifers in Tennessee and Kentucky for thermoelectric
power use during 1985.
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Table 2. The Mississippian aquifers are an
important source of fresh ground water in the
Interior Low Plateaus part of segment 10. About
one-half of the water withdrawn from these
aquifers was used in Tennessee and about one-

quarter was used in Kentucky

[Data source: a, withdrawals during 1980 in Illinois,
Kirk and others, 1982; b, withdrawals during 1985 in
Indiana, Kentucky, and Tennessee, U.S. Geological

Survey, 1990]

Ground-water withdrawals from

limestone aquifers in Mississippian
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rocks (estimated to nearest
million gallon per day)
lllinois 9a
Indiana 4b
Kentucky 18b
Tennessee 33b
Total 64
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A. Water from wells
Number of

Constituent Range Median samples
Specific conductance 147 to 1,335 579 99

(microsiemens per

centimeter at 25

degrees Celsius)
Calcium (Ca) 16 to 212 72 929
Magnesium (Mg) 1to 62 18 99
Sodium (Na) 0.8 to 96 7.2 99
Potassium (K) 0to29 1.3 99 |
Bicarbonate (HCO,) 58 to 398 253 99 K + Na 3.2 percent
Sulfate (SO,) 0 to 527 50 99
Chloride (Cl) 0.3 to 270 11 99
Silica (SiO,) 0to17 3.2 29 Values in percent of average major ion

concentration, in milliequivalents per liter
B. Water from springs Cl 1.6 percent
Number of $0,2.4 percenty |

Constituent Range Median samples
Specific conductance 410 to 485 442 6

(microsiemens per

centimeter at 25

degrees Celsius)
Calcium (Ca) 66 to 87 76 6
Magnesium (Mg) 5.81t09.9 7 6
Sodium (Na) 2.4t05.1 chil 6
Potassium (K) 1.1 to 1.7 153 6
Bicarbonate (HCO,) 220 to 268 246 6
Sulfate (SO,) 7to 14 10 6
Chloride (Cl) 41t06.2 5 6
Silica (SiO,) 99to 11 11 6 N

K + Na 1.8 percent FRSSpetean

- Data from Plebuch and others, 1985
F lgure 92. Water from selected wells completed in the Missis-

sippian aquifer in Kentucky is a calcium magnesium bicarbonate
type (A). Water from springs that issue from the aquifer is a calcium
bicarbonate type (B).

EXPLANATION 9.8 percont

Use of fresh ground-water withdrawals
during 1985

Public supply

44 percent

Domestic and commercial 335 percent

Agricultural
Industrial, and mining
Tennessee Kentucky
Total withdrawals 33 Total withdrawals 18
million gallons per day million gallons per day

Figure 93. During 1985, about 92 percent of the

fresh ground water withdrawn from the Mississippian Data from U.S. Geological Survey files, 1990
aquifers was used for public supply and for commercial

and domestic purposes in Kentucky. About 73 percent of

the water withdrawn from these aquifers in Tennessee

was used for the same purposes. Much more water was

withdrawn for agricultural and for industrial and mining

uses in Tennessee than in Kentucky during 1985.
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DEVONIAN, SILURIAN, AND
ORDOVICIAN AQUIFERS

Hydrogeologic Setting

Carbonate rocks of Devonian, Silurian, and Ordovician
age, which are primarily limestone with some dolomite, are the
principal aquifers in large areas of central Kentucky and cen-
tral Tennessee in the Interior Low Plateaus Province in Segment
10 (fig. 94). The Ordovician rocks crop out in the central part
of these areas and lie beneath Silurian, Devonian, and younger
rocks on the perimeter of the areas. The carbonate-rock aqui-
fers consist of almost pure limestone and minor dolomite and
are interlayered with confining units of shale and shaly lime-
stone. Where these aquifers are in the subsurface, they are
overlain by and separated from the Mississippian aquifers by
a confining unit of Upper Devonian shale.

The majority of the carbonate-rock aquifers are in Or-
dovician rocks. The Middle Ordovician High Bridge and Stones
River Groups and the Lexington Limestone and equivalent
rocks are the most important carbonate-rock aquifers (fig.
95). Locally, the Upper Ordovician Grant Lake and the
Callaway Creek Limestones and calcareous siltstone of the
Middle Ordovician Nashville Group yield small volumes of
water, but these units are not considered to be principal aqui-
fers. The Lower Ordovician part of the Knox Group in Kentucky
is not a principal aquifer because it either contains saltwater

or is deeply buried and yields little freshwater. However, where
dolomite of the Knox Group in Tennessee contains freshwater,
the Knox is a principal aquifer. The Silurian Brassfield Dolo-
mite/Limestone, the Wayne Group and equivalent rocks, and
the Decatur Limestone are the most productive aquifers in Silu-
rian rocks, and the Peagram Formation and its equivalents
com-pose the aquifers in Devonian rocks. These geologic for-
mations, excluding the Knox Group, have been referred to as
the “Central Basin aquifer system” in Tennessee and the “aqui-
fers of the Blue Grass region” in Kentucky.

The depth of freshwater in the limestone and dolomite
aquifers can vary greatly, but wells completed in these aqui-
fers generally range from 50 to 200 feet deep in Kentucky and
Tennessee (table 3). The depth to saltwater generally is
greatest in areas where the limestone and dolomite aquifers
crop out and least where they are covered with younger rocks
that impede deep circulation of ground water. In a large area
in central Tennessee, the upper parts of these aquifers are be-
neath a thin layer of Mississippian limestone or the Chatta-
nooga Shale of Mississippian and Devonian age or both
(fig. 96) and contain freshwater. The upper part of Lower Or-
dovician rocks in central Tennessee (the Knox Group) also
contains freshwater but is separated from the shallower aqui-
fers by a Middle Ordovician confining unit that contains more
highly mineralized water. The Knox Group in this area appar-
ently is recharged through fractures that transect the confining
unit. The freshwater—saltwater interface in the Knox Group
does not coincide with that in the shallower aquifers.
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'Formation is Mississippian age in part.
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Figure 95. The carbonate-rock aquifers consist of a number of
limestone and dolomite formations that range in age from Devonian
to Ordovician. The gray areas represent missing rocks.

Figure 97. The limestone
and dolomite aquifers contain
small quantities of insoluble
material and, therefore, produce
only a thin layer of residuum
when weathered. Recharge
water percolates through the
thin layer of surface material,
called regolith, and subsequent-
ly moves through vertical frac-
tures and horizontal bedding
planes in the rocks. The slightly
acidic water dissolves some of
the limestone and dolomite as

it moves to streams and other
areas of discharge, such as
springs and wells. The vertical
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Silurian-Devonian aquifer
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Upper Ordovician rocks—Generally confining
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Figure 94. Aquifers in carbonate rocks of Devonian, Silurian,
and Ordovician ages underlie large parts of central Kentucky and
central Tennessee in the Interior Low Plateaus Province in Segment
10. Most Upper Ordovician rocks are confining units, but some

locally yield small quantities of water.

Table 3. Wells that obtain fresh ground
water from the carbonate rocks of Devonian,

[Data source: U.S. Geological Survey, 1985]

State and aquifer Well depth below land surface

g L (feet)

Silurian, and Ordovician age commonly are
completed at depths that range from 50 to 200 Common May
feet below land surface in Kentucky and ege exceed
Tennessee. In some places in Tennessee, how- Kentucky 50 to 200 300
ever, wells completed in the Knox Group obtain (Ordovician
freshwater from as much as 1,200 feet below limestone and dolomite)
land surface Tennessee 50 to 150 200

(Ordovician

limestone and dolomite)

(Knox Group) 700 to 1,200 1,400

- Devonian
Devonian Silurian and rocks Mississippian

Cretaceous
rocks

Mississippian

NOT TO SCALE

Figure 96. This diagram-
matic section across central
Tennessee shows that freshwa-
ter commonly circulates only
to shallow depths below land
surface in the limestone and
dolomite aquifers. However,
freshwater is obtained from the
upper part of the Lower Ordovi-
cian rocks in central Tennessee
where these rocks are deeply
buried.

The occurrence and movement of ground water in the
limestone and dolomite aquifers in Devonian, Silurian, and
Ordovician rocks are much like those in the Mississippian
aquifers. However, because the Devonian, Silurian, and Ordovi-
cian rocks generally contain small quantities of insoluble
material, the aquifers in these rocks generally are covered in
outcrop areas by a much thinner layer of regolith than are the
Mississippian aquifers. The slightly acidic precipitation that falls
on aquifer outcrop areas infiltrates the land surface and per-
colates downward to the water table. In the subsurface, the
slightly acidic water forms solution openings as it moves along
fractures and bedding planes and dissolves part of the lime-
stone and dolomite of the Devonian, Silurian, and Ordovician
rocks. Dissolution is less advanced in these aquifers, and caves
are fewer than in the Mississippian aquifers. Ground water in
the limestone and dolomite aquifers is almost exclusively
stored in and moves through solution openings (fig. 97). In-
significant quantities of ground water are stored in and move
through the almost impermeable blocks of limestone between
the solution openings, bedding planes, and fractures. The dis-
tribution of solution openings is complex and difficult to map,
but most openings are in the zone of dynamic freshwater cir-
culation between land surface and depths from 200 to 400 feet
below land surface. The volume of solution openings in the
Ordovician limestones is estimated to be less than 0.5 percent
of the total rock volume.

Upper Ordovician

Modified from Brahana and Bradley, 1985, 1986a

EXPLANATION

Silurian and Upper Ordovician rocks
that contain freshwater

Middle Ordovician rocks that
contain freshwater

Lower Ordovician rocks that
contain freshwater

—=—1,000-~- Approximate line of equal dissolved-solids
concentration, in milligrams per liter

Confining units, such as beds of shaly limestone and
bentonite, affect the depth to which freshwater circulates (fig.
97). Thin bentonite zones, which consist of clay particles that
expand or swell when they become wet, form layers of low
permeability that effectively impede the vertical movement of
ground water. For example, in areas where the bentonite lay-
ers are continuous, the downward movement of ground water
is restricted. This restriction isolates the ground water below
the bentonite from the zone of dynamic circulation above the
bentonite. In areas where the bentonite zones are breached by
vertical fractures or have been eroded by stream valleys,
ground water below the bentonite is more readily recharged or
discharged and is part of the zone of dynamic freshwater cir-
culation. In such places, solution-enlarged openings will de-
velop beneath the bentonite.

Ground water in the limestone and dolomite aquifers
moves from upland recharge areas where water-level altitudes
are high to low-lying discharge areas where they are low. Most
of the discharge areas are located along streams. In Kentucky,
the streams that receive discharge from the carbonate-rock
aquifers generally drain to the north and northwest into the
Ohio River. Areas underlain by the freshwater-yielding lime-
stone and dolomite aquifers in Tennessee are drained by the
Cumberland and the Tennessee Rivers.



Yield of Wells and
Discharges of Springs

The yields of wells completed in the limestone and do-
lomite aquifers in rocks of Devonian, Silurian, and Ordovician
age vary considerably throughout the area. This variability is
caused primarily by large variations in hydraulic properties
over short distances in the aquifers. The yields of wells com-
pleted in the carbonate-rock aquifers in Kentucky and Tennes-
see commonly range from 2 to 20 gallons per minute and can
exceed 300 gallons per minute (table 4). Yields reported from
8,000 wells, drilled primarily to supply water for households
and completed in limestone aquifers in Ordovician rocks in
Tennessee, indicate that more than 90 percent of the wells
obtained a supply of ground water adequate for domestic use;
70 percent had yields of more than 3 gallons per minute, 8
percent had yields of more than 25 gallons per minute, and
slightly less than 1 percent had yields of 50 gallons per minute
or more. The maximum well yield was 600 gallons per minute.
About 90 percent of the wells that had yields of more than 25
gallons per minute were located in flat-bottomed valleys un-
derlain by depressions in the carbonate bedrock.

Spring discharge also is extremely variable. Discharges
reported for 89 springs that issue from aquifers in the Silurian
and Ordovician rocks in the south-central part of Tennessee
range over more than four orders of magnitude (from 0.1 to
about 2,500 gallons per minute) with a median discharge of
about 6 gallons per minute. From 1951 to 1960, the reported
discharge of four large springs that issue from these aquifers
in Kentucky ranged over more than three orders of magnitude
(fig. 98). Two of the springs issue from aquifers in Silurian
rocks (fig. 98A) and had discharges that ranged from 300 to
40,000 gallons per minute. The other two springs issue from
aquifers in Ordovician rocks (fig. 98 B) and had discharges that
ranged from 75 to 9,500 gallons per minute. These data indi-
cate that discharge can vary greatly at a spring from season
to season and from year to year.

Ground-Water Quality

The quality of the water in the limestone and dolomite
aquifers in Ordovician rocks in Kentucky and Tennessee is
shown in figure 99; sparse data indicate that the quality of
water in the Devonian and Silurian carbonate-rock aquifers is
similar. The range and median concentrations of dissolved
solids, hardness, and iron are larger in Kentucky than in Ten-
nessee. However, the median concentrations for the consti-
tuents shown generally are equal to or less than the second-
ary maximum contaminant levels for drinking water established
by the U.S. Environmental Protection Agency. The quality of
the water generally is adequate, or it can be treated and made
adequate for most uses.

The water from Ordovician aquifers in Kentucky is a hard,
calcium magnesium bicarbonate type (fig. 100). The abun-
dance of these dominant ions results primarily from dissolu-
tion of the carbonate rocks as slightly acidic recharge water
moves through the aquifers.

The quality of the water from wells completed in the Or-
dovician aquifer in Kentucky (fig. 100A) and from springs that
issue from the same aquifer (fig. 100B) is similar. The con-
centrations of constituents in the Devonian and Silurian aqui-
fers probably are similar to those in water from the Ordovician
aquifers. Dissolved-solids concentrations generally are larger
in water from wells than from springs (fig. 100). In addition,
the water from wells contains larger concentrations of chloride,
sodium, and potassium than the spring water.

As with the Mississippian aquifers, contaminated and tur-
bid waters are common problems for the users of water from
the limestone and dolomite aquifers in Devonian, Silurian, and
Ordovician rocks in Kentucky and Tennessee. The thin soil and
residuum and the presence of solution features, such as sink-
holes, swallow holes, and solution-enlarged fractures, allow
water from the land surface to recharge the aquifer directly and
rapidly. Contaminated and sediment-laden waters can then
spread rapidly through the system of interconnected solution
openings to eventually reach wells and springs.

Fresh Ground-Water Withdrawals

More fresh ground water is withdrawn from the limestone
and dolomite aquifers in Devonian, Silurian, and Ordovician
rocks in Tennessee than in Kentucky. About 22 million gallons
per day were withdrawn from these aquifers in Tennessee and
about 12 million gallons per day were withdrawn in Kentucky
during 1985 (fig. 101). During the same year, about 93 per-
cent of the ground water withdrawn in Tennessee (about 21
million gallons per day) and about 99 percent of that withdrawn
in Kentucky (nearly 12 million gallons per day) were pumped
for public-supply, domestic and commercial, and agricultural
uses. Most of the withdrawals in both States were for domes-
tic and commercial purposes. Withdrawals for domestic and
commercial uses during 1985 amounted to about 13 million
gallons per day in Tennessee and about 10 million gallons per
day in Kentucky. Public-supply withdrawals were about 4 mil-
lion gallons per day in Tennessee and about 1 million gallons
per day in Kentucky. Withdrawals for agricultural purposes
during 1985 amounted to about 4 million gallons per day in
Tennessee and about 1 million gallons per day in Kentucky.
The remainder of the withdrawals during 1985 were for indus-
trial and mining uses and were greater than 1 million gallons
per day in Tennessee but less than 100,000 gallons per day
in Kentucky. No water was withdrawn for thermoelectric power
purposes in either State.

Figure 101. During 1985,
total fresh ground-water with-
drawals from the limestone and
dolomite aquifers in Devonian,
Silurian, and Ordovician rocks
in the Interior Low Plateaus
Province of Segment 10 were
about 34 million gallons per
day. Withdrawals in Tennessee
were nearly twice those in Ken-
tucky. Most of the withdrawals
were for domestic and commer-
cial uses.

10th

Data from U.S. Geological Survey files, 1988;
Contaminant level from U. S. Environmental

Protection Agency, 1986

contaminant level

Figure 100. Well and spring waters from the Ordovician
aquifers in Kentucky are a calcium magnesium bicarbonate type.
The quality of the water in the Devonian and Silurian aquifers

probably is similar to that in the Ordovician aquifers. Water from
wells generally contains larger concentrations of dissolved solids
than the spring water.
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Use of fresh ground-water withdrawals

during 1985

Public supply

I———I Domestic and commercial

Agricultural

Industrial, mining, and
thermoelectric power

6.2 percent

57.8 percent

Tennessee
Total withdrawals 22
million gallons per day

0.5 percent

80.0 percent

Kentucky
Total withdrawals 12
million gallons per day

Data from U.S. Geological Survey files, 1990
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INTRODUCTION

The part of the Appalachian Plateaus Physiographic Prov-
ince included in Segment 10 is present in the eastern parts of
Ohio, Kentucky, and Tennessee (fig. 102). The eastern bound-
ary of the province coincides with the Cumberland Front Es-
carpment in Kentucky and Tennessee. North of the escarp-
ment, the province extends into the western parts of Virginia,
West Virginia, and Maryland and into western and northern
Pennsylvania, all of which are described in Segment 11 of this
Atlas. The part of the province that extends into western and
southern New York is discussed in Segment 12 of this Atlas. "
The province extends southward into northeastern Alabama
and northwestern Georgia for a short distance; this extension
is described in Segment 6 of this Atlas. The western bound- s |
ary of the province in Segment 10 approximately coincides
with the contact between Devonian and Mississippian rocks in 2 Y20 o
northeastern Kentucky and Ohio and with the contact between , s
Mississippian and Pennsylvanian rocks farther south. %‘

Aquifers in the Appalachian Plateaus Physiographic Prov- &2
ince can be divided into two categories—the surficial aquifer
system in unconsolidated deposits and the aquifers in consoli-
dated rocks (fig. 103). The sand and gravel of the surficial
aquifer system overlie the aquifers in consolidated rocks in
much of northeastern Ohio and along the Ohio River and its
tributaries. The aquifers in consolidated rocks consists of sedi- Ay
mentary bedrock that ranges in age from Mississippian
through Permian. Generally, these consolidated rocks dip to-
ward the east (fig. 104) and are present throughout the Ap-
palachian Plateaus Province. In places, Pennsylvanian and
older rocks are cut by thrust faults (fig. 105) along which thick
sections of older rocks have been displaced over younger
strata. One effect of this type of faulting is that parts of the
geologic column are repeated; for example, the sequence of
Devonian through Pennsylvanian rocks on the right side of the
section shown in figure 105 has been pushed westward along -
the Pine Mountain Thrust Fault. A deep well drilled on the Pine Memphis | & & °'ARD] WAYNE gg cltes )
Mountain Fault Block might penetrate the Pennsylvanian-De- IR i
vonian sequence twice.

Figure 102. Consolidated
rocks of Permian, Pennsylva-
nian, and Mississippian ages
form aquifers in the Appala-
chian Plateaus Physiographic
Province in Segment 10. Uncon-
solidated Quaternary deposits
of the surficial aquifer system
overlie the consolidated-rock
aquifers in northeastern Ohio.
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completed in any of the other aquifers in the Appalachian Pla-
teaus Province. As a result, ground-water development in Ohio
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close or cover these local, lens-shaped sand and gravel
aquifers, thus making the aquifers difficult to locate.
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Surficial deposits are generally less than 100
feet thick, and the occurrence of sand
and gravel aquifers are difficult to locate

Southern limit of glaciation



Pennsylvanian Aquifers

Pennsylvanian aquifers in the Appalachian Plateaus Prov-
ince mostly consist of sandstone and limestone that are parts
of repeating sequences of beds deposited during multiple sedi-
mentary cycles. A complete, ideal cycle consists of the follow-
ing sequence of beds, listed from bottom to top: underclay,
coal, gray shale or black platy shale, freshwater limestone, and
sandstone or silty shale. Not all the beds listed are present in
each cycle. The sandstones and limestones are the most pro-
ductive aquifers. Sandstone aquifers also are present in rocks
of Permian age. In the following description, rocks of Pennsyl-
vanian age are grouped into Upper Pennsylvanian aquifers and
Middle and Lower Pennsylvanian aquifers; water-yielding rocks
of Permian age are discussed with the Upper Pennsylvanian
aquifers.

Upper Pennsylvanian aquifers mostly are present in the
Pennsylvanian Monongahela and Conemaugh Groups but also
can include sandstones of the Dunkard Group of Pennsylva-
nian and Permian age (fig. 103). Strata that contain these
aquifers are present in southeastern Ohio and a small part of
northeastern Kentucky (fig. 107A). In southeastern Ohio,
Upper Pennsylvanian rocks are primarily interbedded sand-
stone, siltstone, and shale with minor coal; they grade to shale
and siltstone in northeastern Kentucky. The dominant lithol-
ogy is shale, although some limestone beds are present in the
Monongahela Group. Together, the Monongehela and the
Conemaugh Groups average about 1,000 feet in thickness.
These rocks thicken slightly toward the southeast and exceed
1,500 feet in thickness along the Ohio River in Belmont, Mon-
roe, and Washington Counties, Ohio, where they include the
Dunkard Group.

Middle and Lower Pennsylvanian aquifers crop out
throughout most of the Appalachian Plateaus Province in Seg-
ment 10 and are the most widespread source of ground water
in the province. Shale with interbedded sandstone is the domi-
nant lithology of Middle and Lower Pennsylvanian rocks in the
northern part of the province, whereas sandstone is dominant
in the south (fig. 107B). Rocks that compose the Middle and
Lower Pennsylvanian aquifers include the Allegheny Formation
and the Pottsville Group in Ohio, the Breathitt and the Lee For-

Modified from Dennison and Wheeler, 1975;
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Figure 107. The maximum thickness of rocks that
contain the Upper Pennsylvanian aquifers, which include
water-yielding Permian rocks, exceeds 1,500 feet in
southeastern Ohio (A). These rocks consist primarily of
shale, but beds of sandstone and minor limestone are
productive aquifers. Rocks that contain Middle and
Lower Pennsylvanian aquifers are less than 300 feet thick
in parts of Ohio but are more than 4,000 feet thick in
southeastern Kentucky and northeastern Tennessee (B).
Sandstone and conglomerate compose more than 50
percent of Lower Pennsylvanian rocks in southeastern
Ohio and in most of Kentucky and Tennessee. Rocks that
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Group is sandstone. In Kentucky, the Breathitt Formation is pri-
marily interbedded sandstone, siltstone, and shale, whereas the
Lee Formation is predominantly sandstone with some con-
glomerate. Beds of sandstone in the Breathitt Formation are
typically from 30 to 120 feet thick and compose about 50 per-
cent of the total thickness of the formation. About 80 percent
of the total thickness of the Lee Formation consists of beds of
sandstone and conglomerate. Middle and Lower Pennsylvanian
rocks in Tennessee are predominately interbedded conglom-
erate and sandstone with some siltstone, shale, and coal beds.
The primary water-yielding units are sandstone and conglomer-
ate beds in the Crab Orchard Mountains Group; some con-
glomerate beds in this group locally are 200 feet thick, whereas
sandstone beds in the group range from 100 to 300 feet thick
and are locally conglomeratic.

Mississippian Aquifers

Mississippian aquifers in the Appalachian Plateaus Prov-
ince in Segment 10 consist mostly of limestone and sandstone.
Fractured chert of the Fort Payne Formation in Tennessee lo-
cally forms an aquifer. Shale is more abundant in Mississip-
pian strata in Ohio and Kentucky than sandstone and lime-
stone, whereas limestone is more prevalent in Tennessee (fig.
107C). The Mississippian aquifers are exposed at land surface
along and east of the western boundary of the Appalachian
Plateaus Province in Ohio and northern Kentucky and locally
in southeastern Kentucky and northeastern Tennessee along
the Pine Mountain Thrust Fault.

The Black Hand and the Berea Sandstones (fig. 103) are
the primary Mississippian aquifers in Ohio. Although the Berea
is Devonian age in part, it is included in the Mississippian
aquifers in this chapter. The thickness of the Black Hand lo-
cally exceeds 600 feet and that of the Berea locally exceeds
100 feet. The Berea Sandstone also is a productive aquifer in

Pennsylvanian and Mississippian aquifers.
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fers. The aquifers in consolidated rocks are directly recharged
by precipitation where they are exposed at land surface (fig.
108). However, low-permeability layers of underclay beneath
coal beds retard downward movement of the water and might
create perched water-table conditions above the main water
table. The perched water discharges mainly to springs; the
main water table discharges to streams, as well as springs.
Water in deep artesian aquifers might be part of a regional flow
system with a different flow direction than the shallower
ground-water flow systems.

Water in the consolidated-rock aquifers of the Appalachian
Plateaus Province is primarily in fractures in sandstones and
shales and in fractures or bedding planes enlarged by disso-
lution in limestones. Fractured coal beds also yield water in
some places. Because these consolidated rocks have little or
no intergranular permeability, fractures store and transmit most
of the ground water. The fractures generally are at shallow
depths; most are a few tens to a few hundreds of feet below
land surface. These fractures commonly form where erosion
has removed overlying rocks, thus relieving vertical compres-
sional stress and along the crest of anticlinal folds. The num-
ber of fractures and the width of individual fractures generally

Figure 1 08. Aquifers in consolidated
rocks are directly recharged by precipitation
where they are exposed at the land surface.
Water enters the aquifers primarily through
fractures, which store and transmit the water.
The fractures decrease in width and number

with depth. In Pennsylvanian rocks in the Coalbad

Perched
water table
N

rocks—Interval 500 feet
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decrease as depth increases. Although fractures are present
throughout the consolidated rocks of the Appalachian Pla-
teaus, aquifer characteristics of the rocks and well yields are
variable because the effective permeability of the rocks is
dependent, for the most part, upon the number of fractures and
how well the fractures are interconnected. Low intergranular
permeability, coupled with the decrease in the size and num-
ber of fractures as depth increases, restricts the regional flow
of water and creates conditions in which well yields generally
are small.

Sandstone, limestone, and conglomerate are the dominant
water-yielding rocks that compose Upper Pennsylvanian aqui-
fers, but beds of fractured coal locally provide small supplies
of water. Individual sandstone beds in Upper Pennsylvanian
rocks generally are of limited areal extent and are isolated from
other sandstone beds. The discontinuous occurrence and the
generally fine-grained texture of the unfractured rocks and
sparse fracture openings combine to impede the flow of ground
water. Ground water in these aquifers generally moves from re-
charge areas downgradient to discharge at streams, wells, and
coal mines. Perched water tables above clay layers that underlie
coal beds in the upland areas give rise to springs along valley

Precipitation

Fracture

walls (fig. 108). Well yields from Upper Pennsylvanian aqui-
fers commonly range between 1 and 20 gallons per minute in
Ohio (table 5).

Middle and Lower Pennsylvanian rocks generally contain
more sandstone and conglomerate than Upper Pennsylvanian
rocks. Some of the Middle and Lower Pennsylvanian sandstone
and conglomerate beds are regionally extensive and contain
well-developed fracture systems. These fractures increase the
overall yield of Middle and Lower Pennsylvanian aquifers com-
pared to Upper Pennsylvanian aquifers (table 5). Perched water
tables can occur above underclays in Middle and Lower Penn-
sylvanian aquifers but are less common than in Upper Penn-
sylvanian aquifers. In Kentucky and Tennessee, sandstone and
conglomerate in Middle and Lower Pennsylvanian rocks tend
to be thickly bedded or massive, and extend over large areas.
Well yields from Middle and Lower Pennsylvanian aquifers only
range from 1 to 25 gallons per minute in Ohio but range from
5 to 50 gallons per minute in Tennessee.

Mississippian aquifers are mostly in limestones, except in
Ohio where they are mostly in sandstones. Slightly acidic water
that moves along fractures, bedding planes, and other primary
openings in limestone dissolves part of the limestone and
enlarges the original openings (fig. 109). The maximum re-
ported yields of wells completed in these aquifers are highly
variable; wells that penetrate solution openings in the limestone
have large yields (table 5). In Ohio, withdrawals from Missis-
sippian aquifers can induce recharge from the directly overly-
ing surficial aquifer system. In these areas, yields of wells com-
pleted in the Mississippian aquifers can be greater than else-
where. Mississippian aquifers also are an important source of
water in stream valleys where the overlying Pennsylvanian

northern Kentucky. The Ste. Genevieve and the St. Louis Mem- Appalachian Plateaus Province, underclay Spring \Spring rocks are thin or absent. In stream valleys, recharge from al-
bers of the Slade Formation are productive aquifers in central beneath coal beds creates perched water Underciay B v'\\//lftlgr N luvial valley fill tends to increase yields of wells completed in

and southern Kentucky, particularly in stream valleys where
they are covered only by a thin layer of Pennsylvanian rocks
and unconsolidated alluvial deposits. In Tennessee, the
Monteagle, the St. Louis, the Warsaw, and the Newman Lime-
stones, as well as the Fort Payne and the Grainger Formations,
compose productive Mississippian aquifers.

GROUND-WATER OCCURRENCE
AND MOVEMENT

Surficial Aquifer System

tables, which result in springs that issue from
valley walls. Water percolates slowly down-
ward through the underclay to reach the
main water table.
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the underlying Mississippian aquifers. In Tennessee and Ken-
tucky, springs can discharge from valley walls at the contact
between Pennsylvanian and Mississippian rocks (fig. 109). Wa-
ter percolates downward through the Pennsylvanian sandstones
and then flows laterally along the contact with less-permeable
Mississippian shale to emerge as springs along the valley walls.

GROUND-WATER QUALITY

The quality of ground water from the aquifers in the Ap-
palachian Plateaus Province in Segment 10 generally is suit-

Figure 109. Water moves primarily : LANEAT | able, with minimal treatment for most uses. Chlorination is

) e ) ) through fractures in aquifers in Pennsylvanian ( ﬂ SHA p;anc,?s‘;?\‘,janian usually the only treatment required to make the water suitable
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withdraw water from an aquifer have lowered the water level
in the aquifer below that of the stream. Well yields in sand and
gravel deposits commonly range from 100 to 500 gallons per
minute but might exceed 2,000 gallons per minute (table 5).

Aquifers that consist of fine sand and silt also are com-
mon in Ohio but generally are less permeable than aquifers
that consist of coarse sand and gravel. Yields of wells com-
pleted in these finer grained aquifers commonly range from 25
to 50 gallons per minute. Generally, these aquifers are present

Water from the surficial aquifer system in the Appalachian
Plateaus Province in Ohio is predominantly a calcium bicar-
bonate type. The water generally has larger concentrations of
dissolved solids, chloride, and sulfate and is harder than water
from the aquifers in consolidated rocks in the same area (table
6). Iron concentrations also tend to be larger in water<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>