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Hydrogeologic Atlas of Aquifers in Indiana

By Joseph M. Fenelon, Keith E. Bobay, and others

Abstract

Aquifers in 12 river basins (water-manage-
ment basins) in Indiana are identified in a series of
104 hydrogeologic sections and 12 maps. Details
of water-bearing units, including a generalized
potentiometric surface, are derived from logs of
more than 4,200 wells along 3,500 miles of section
lines. Logs were obtained from water-well records,
oil- and gas-well completion reports, coal-drilling
records, and observation-well records. Well logs
generally are plotted at 0.5- to 2-mile intervals.
Hydrogeologic sections are spaced 6 to 20 miles
apart. The horizontal scale of the sections is
1:250,000; vertical scale is greatly exaggerated.
The scale of the maps depicting aquifers 1s
1:500,000. Aquifer maps are based on information
from hydrogeologic sections and from previous
studies. Where a type of aquifer was less than
15 square miles in areal extent, it was not mapped
because of scale limitations. Types of aquifers
depicted in the illustrations include unconsolidated
and bedrock aquifers.

Unconsolidated aquifers are the most widely
used aquifers in Indiana. Types of unconsolidated
aquifers include surficial, buried, and discontinuous
layers of sand and gravel. Most of the surficial sand
and gravel is located in large outwash plains in
northern Indiana and along the major rivers in the
southern two-thirds of the State. Buried sand and
gravel aquifers underlie much of the northemn two-
thirds of Indiana, where they are typically inter-
bedded with till deposits and can be 10 to 400 ft
deep. Discontinuous sand and gravel deposits are

present as isolated lenses, primarily in glaciated
areas.

Wells completed in the bedrock aquifers
generally have lower yields than wells in most of
the sand and gravel aquifers, but the bedrock
aquifers are areally widespread and a major source
of water for many domestic users and some large
users of ground water. Carbonate rocks (limestone
and dolostone); sandstones; complexly interbedded
sandstone, siltstone, shale, limestone, and coal; and
an upper weathered zone 1n low permeability rocks
comprise the types of bedrock aquifers. Aquifers in
carbonate rocks of Silurian, Devonian, and Missis-
sippian age underlie about one-half of Indiana and
are the most important of the bedrock aquifers in
terms of yield and areal extent. The other principal
type of bedrock aquifer is sandstone, which under-
lics large areas in the southwestern one-fifth of
Indiana. The mapped sandstones are located within
deposits of complexly interbedded sandstone, silt-
stone, shale, limestone, and coal of Mississippian
and Pennsylvanian age. These complex deposits
yield small quantities of water of variable quality,
but they are important if they are the only available
aquifer in a particular area. The remaining bedrock
aquifer, which is used when it is the sole source of
water for an area, is an upper weathered zone
developed primarily in siltstone and shale of Mis-
sissippian and Devonian age and, to a lesser extent,
in some of the shale and limestone of Ordovician
age. No aquifer is mapped in the southeastern
corner of Indiana, which is underlain by shale and
limestone of Ordovician age.

INTRODUCTION

Ground water is the source of drinking water for
nearly 60 percent of the residents of Indiana. Approxi-
mately 425 community water systems, 3,000 noncom-
munity water systems, 500 mobile-home parks, and
500,000 private homes are supplied by wells (Indiana
Department of Environmental Management, 1990,

p. 223; Indiana Department of Natural Resources,
1989, written commun.). In addition to drinking-water
supplies, ground water is withdrawn for energy
production, irrigation, and industrial, commercial, and
agricultural uses. In 1991, about 204 Bgal (billion
gallons) of ground water, or a daily average of

559 Mgal (million gallons), was withdrawn. The
combined capability of registered ground-water with-
drawal facilities in 1991 was 3,540 Mgal/d (million
gallons per day) (Indiana Department of Natural
Resources, 1993, written commun.).

Ground water is an important and abundant
natural resource in Indiana; however, detailed maps
and descriptions of the major aquifers1 that pertain to
the entire State have not been available. Published
reports are currently limited to county-wide studies, a
few basin studies, detailed site-specific investigations,
and large-scale maps and assessments of the aquifers
n the State.

The Indiana Ground-Water Protection and
Management Strategy lists the delineation and
mapping of aquifers as a primary need (Indiana
Department of Environmental Management, 1987).

I'Terms in bold are defined in the “Definitions of Selected
Terms” at the back of this report

The Strategy states that nearly all aspects of ground-
water regulation, research, and utilization in the public
and private sectors can benefit from maps and descrip-
tions of the aquifers in the State. Therefore, one of the
short-term goals of the strategy was the creation of a
ground-water atlas of Indiana that would identify
generic aquifers on a large scale (Indiana Department
of Environmental Management, 1987, p. 5). The term
“generic” was used to imply that aquifers do not neces-
sarily conform to geologic age, group, or formation.

In response to the need for such an atlas, the
U.S. Geological Survey (USGS), in cooperation with
the Indiana Department of Natural Resources (IDNR)
and the Indiana Department of Environmental
Management (IDEM), prepared a series of hydrogeo-
logic sections and maps that identify aquifers in 12
water-management basins of Indiana (fig. 1).

Purpose and Scope

This atlas describes and delineates aquifers in
the Lake Michigan, St. Joseph River, Kankakee River,
Maumee River, Upper Wabash River, Middle Wabash
River, Lower Wabash River, White River, East Fork
White River, Whitewater River, Patoka River, and
Ohio River water-management basins in Indiana. The
hydrogeologic sections were constructed at a hori-
zontal scale of 1:250,000, whereas the maps were
drawn at a scale of 1:500,000. The vertical scale of the
sections 1s greatly exaggerated. Also included are
maps that show the location of the hydrogeologic
section lines, the thickness of unconsolidated deposits
(from Gray, 1983), and the bedrock geology (from
Gray and others, 1987) for each basin at a scale of
1:500,000.

Introduction 1
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As defined in this atlas, an aquifer 1s a geologic
formation, group of formations, or part of a formation
that contains sufficient saturated permeable material
to yield quantities of potable water adequate for
domestic purposes (Lohman and others, 1972, p. 2).
Location and delineation of aquifers throughout
Indiana 1s the primary goal of this atlas. Types of
aquifers are distinguished by lithology, thickness,
depth, and continuity.

The hydrogeologic sections and areal maps can
be used to understand and evaluate aquifer systems on
a regional scale. This regional evaluation can then be
used as a base for site-specific studies. The sections
and maps, however, do not replace site-specific
hydrogeologic data. The well logs used to plot
sections were obtained from a 2 mile-wide path that
bounded the traces of the sections. Thus, the data
shown at a given location might not represent site-
specific hydrogeology.

A glossary of hydrogeologic terms used herein is
at the end of this report. Bedrock geologic names in
this report follow the nomenclature of Shaver and
others (1986).

Previous Studies

The ground-water resources of Indiana have
been studied by many authors since the early 1900’s.
Harrell (1935) described the general physiographic
features, hydrology, geology, and ground-water
resources of each county in the State. Bechert and
Heckard (1966) discussed the availability, flow,
quality, and uses of ground water in Indiana. Bloyd
(1974) summarized the ground-water resources of a
region that includes greater than 80 percent of Indiana
and provided regional estimates of hydraulic conduc-
tivity, specific yield, storage, recharge, and current
and projected withdrawals. Clark (1980) characterized
the availability, use, regulation, and future needs of
ground water in Indiana. Geosciences Research
Associates, Inc. (1982) summarized the “potential
yield capability” and the water quality of the major
bedrock hydrostratigraphic units in the State. The
USGS (1988, p. 245-250) described the water quality
of the principal aquifers of Indiana. The USGS is

studying the flow and water quality in the regional
carbonate bedrock and glacial aquifer system in
Indiana (Bugliosi, 1990; Casey, 1992; Schnoebelen,
1992).

The location and extent of ground-water
resources or aquifers in Indiana have been mapped by a
few authors. Bechert and Heckard (1966, p. 109)
mapped the availability of ground water on the basis of
yields from “properly sized and developed” wells in
eight ground-water provinces of Indiana. Gray (1973)
mapped the general location and described “the
principal resource units in ground-water production”
for Indiana. Clark (1980, p. 33) updated the ground-
water availability map of Bechert and Heckard using
seven potential yield categories that were devised from
a “range of probable maximum yields which can be
expected from a properly constructed large-diameter
well penetrating the full thickness of the aquifer.”
Geosciences Research Associates, Inc. (1982) mapped
the structure and contour of the major bedrock hydro-
stratigraphic units in Indiana on the basis of geologic
age and formation. The USGS (1985, p. 207) mapped
the principal aquifers of Indiana as glaciofluvial,
glacial outwash, sand and gravel lenses in till of
Wisconsinan age, carbonate rocks of Mississippian
age, and carbonate rocks of Silurian and Devonian age
(1:5,000,000 scale); however, a large area of south-
western and south-central Indiana was mapped as
being without a principal aquifer.

The Indiana Department of Natural Resources is
preparing water-resource availability studies for the 12
water-management basins in Indiana. Published
reports are currently (1990) available for the St. Joseph
River, Whitewater River, and Kankakee River basins.
These reports include maps that show the extent of
aquifers, composite potentiometric surface maps for
unconsolidated and bedrock aquifers, a discussion of
hydrogeologic characteristics, and information on
ground-water quality and use. This atlas differs from
these studies in the method used to delineate and name
aquifers (generic aquifer types as compared to formal
aquifer names for different geologic settings) and in the
emphasis on the vertical distribution of the aquifers as
shown in many detailed hydrogeologic sections.

Acknowledgments

The staff of the Indiana Department of Environ-
mental Management and the Indiana Department of
Natural Resources were helpful in all aspects of the atlas
project including planning, format, and review of the
Atlas. Special thanks are extended to the following
people: Robert Hilton”, Martin Risch?, James
Nowacki?, Mike Yarling, Gregg Lemasters, and James
Harris from the Indiana Department of Environmental
Management; John Simpson, Thomas Bruns®, William
Steen, John Clark?, John Barnhart?, Michael Saul?, and
Sally Letsinger? from the Indiana Department of Natural
Resources, Division of Water; and Norman Hester, Ned
Bleuer, Anthony Fleming, Eric Kwale, John Rupp, and
Henry Gray2 from the Indiana Department of Natural
Resources, Geological Survey.

The authors also wish to thank David Sperry and
David Zetzl for providing the technical support to
produce or help produce virtually every illustration in
this atlas.

PHYSICAL SETTING OF INDIANA

The physical setting of Indiana, which includes
the physiography, climate, and geology, controls the
distribution, availability, and flow of ground water.

Physiography

Indiana has been divided into 13 major physio-
graphic units (fig. 2) on the basis of similarities in topo-
graphy and geology (Schneider, 1966, p. 41). The 13
units occupy 3 broad physiographic zones that trend in
an east-west direction across the State. The zones are the
Northern Lake and Moraine Region, the Central Drift
Plain, and a southern zone dominated by bedrock
landforms.

The Northern Lake and Moraine Region is subdi-
vided into five lake (lacustrine) or morainal units; the
Calumet Lacustrine Plain, the Valparaiso Morainal Area,
the Kankakee Outwash and Lacustrine Plain, the

%Person is no longer employed with the agency.

Steuben Morainal Lake Area, and the Maumee Lacus-
trine Plain (fig. 2). A variety of glacial and postglacial
landforms are in this 8,500 mi” area. Glacial deposi-
tional features include end moraines, till plains, outwash
plains and valley trains, kames, and lake plains. These
landforms have a diverse mix of sediments with highly
variable hydrogeologic properties and numerous litho-
logic discontinuities. Related postglacial landforms
include the many lakes of northeastern Indiana, the sand
dunes along Lake Michigan, and peat bogs (Schneider,
1966, p. 40-42). Principal moraines and the extent of
glaciation in Indiana are shown in figure 3.

The Tipton Till Plain, or Central Drift Plain, is a
nearly flat glacial till plain covering central Indiana
(fig. 2). This area of about 12,000 mi? is underlain by
thick till and has been slightly eroded by postglacial
streams. Most of the boundary between the Till Plain
and the southern physiographic units coincides with the
maximum extent of Wisconsinan glaciation, except in
southeastern Indiana where the physiographic boundary
1s north of the Wisconsinan glacial boundary. The south-
eastern Indiana boundary was arbitrarily drawn along the
edge of a broad transitional zone of thin glacial drift that
does not obscure the bedrock physiography (Schneider,
1966, p. 40, 49).

Seven physiographic units composed of different
bedrock types comprise 15,500 mi? in the southern one-
third of the State (fig. 2). The bedrock is primarily
sandstone, shale, siltstone, limestone, and dolomite. The
physiographic units generally trend north-northwest
following the strike of the bedrock. From east to west,
the units are called the Dearborn Upland, the Musca-
tatuck Regional Slope, the Scottsburg Lowland, the
Norman Upland, the Mitchell Plain, the Crawford
Upland, and the Wabash Lowland (Schneider, 1966,

p. 42-49). These southern units represent a sharply
divided, alternating series of uplands and lowlands or
plamns. Large parts of the Wabash Lowland, Crawford
Upland, Mitchell Plain, and Norman Upland were not
glaciated during the Pleistocene Epoch. All seven
bedrock physiographic units extend further north than
shown in figure 2 but were buried by glacial deposits
(Schneider, 1966, p. 54). Buried erosional surfaces of
these units are evident in the hydrogeologic sections
presented later in this report.

Physical Setting of Indiana 3
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Figure 2. Physiographic units of Indiana.
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The Silurian carbonate rocks are unconform-
ably overlain by Devonian dolomite and limestone
(fig. 6), which attain thicknesses of 250 ft toward the
centers of the Illinois Basin and the Michigan Basin
(fig. 4). The carbonate rock sequence is overlain
primarily by shales and siltstones of Late Devonian
and Early Mississippian age. These shales and
siltstones are present as subcrops in the Michigan
Basin in the northeastern part of the State (fig. 6) and
attain thicknesses of 800 ft in places. They also are
present as subcrops or outcrops along the south-
western flank of the Cincinnati and Kankakee Arches
in the south-central part of the State (fig. 6), where
they range from 500 to 1,000 ft in thickness. Lime-
stone of Middle Mississippian age overlies the shales
and siltstones southwest of the arches. The area
where the limestone is exposed at the bedrock surface
trends northwest through the south-central part of the
State. The Mississippian limestone ranges from 200
to more than 1,000 ft in thickness; the thicker
deposits are in the southwestern corner of Indiana
toward the center of the Illinois basin.

The limestone is overlain in the southwestern
one-third of Indiana by rocks of Early Mississippian
age and Middle and Late Pennsylvanian age (fig. 6).
The rocks are composed of sandstone, shale, and thin
but extensive beds of limestone, clay and coal. The
beds of clay and coal are generally found above a
major unconformity between the Mississippian and
Pennsylvanian rocks. These rocks range from 1,000
to 2,000 ft in thickness.

There was little known deposition in Indiana
between the end of the Pennsylvanian Period and the
beginning of the Quaternary Period. During this
time, the land surface was mostly an erosional surface
that consisted of northwest-trending limestone plains,
shale lowlands, and sandstone uplands (Wayne, 1966,
p. 27). Rivers were entrenched in the bedrock; the
main preglacial river valley in north-central Indiana
was the Lafayette Bedrock Valley System (Bleuer,
1989), also known as the Teays valley, which drained
most of the northern one-half of the State (fig. 7).

than 400 ft of glacial debris during the Quaternary
Period (Gray, 1983).

The earliest widespread evidence of conti-
nental glaciation in Indiana was from glaciers of pre-
Illinoian and Illinoian Age. They extended through
the northern three-quarters of Indiana (fig. 3; Wayne,
1966, p. 33). These pre-Wisconsinan glaciers
deposited at least eight till units in Indiana that
comprise approximately 75 percent of the glacial
deposits in the Tipton Till Plain (A.J. Fleming,
Indiana Geological Survey, 1990, written commun.)
The only known pre-Wisconsinan deposits exposed
at the surface are found over large areas south of the
Wisconsinan glacial boundary (fig. 3). These
deposits are composed of a sandy loam till of the
Jessup Formation and deposits in proglacial lakes and
outwash plains in southwestern Indiana (Gray, 1989).
Loess was deposited downwind (east) of the valleys
of the Wabash and Ohio Rivers.

There were several glacial advances in Indiana
during Wisconsinan time by three different ice lobes
(fig. 8). The furthest advance in the State was by the
Erie Lobe, which covered the northern two-thirds of
Indiana. The ice, which formed the Shelbyville
Moraine in southeastern Indiana, was followed by
another advance of the ice that formed the Craw-
fordsville Moraine (fig. 3). The two advances were
from a northeastern source of ice and deposited till
known as the Trafalgar Formation over large areas of
central Indiana (Gray, 1989). As the ice receded, it
left large amounts of sand and gravel in the form of
valley train, kames, and eskers (Wayne, 1966, p. 36).

The next major Wisconsinan advance involved
three ice lobes that competed for space in the north-
ern one-third of Indiana. The Saginaw and Erie
Lobes (fig. 8) advanced across north-central Indiana
and formed the Packerton Moraine (fig. 3). The
Saginaw Lobe left behind a complex suite of deposits
of till, ice-contact stratified drift, and outwash (Gray,
1989) and formed most of the lakes in Indiana
(Wayne, 1966, p. 36). The Lake Michigan Lobe

receded and built the Valparaiso Moraine (fig. 3) and
a large outwash fan south of the moraine. The Erie
Lobe crossed into northeastern Indiana and formed
the Union City Moraine and a series of concentric
moraines to the northeast of the Union City Moraine
(fig. 3). The ice lobe primarily deposited a clay-rich
till of the Lagro Formation between the moraines
(Gray, 1989).

Since the recession of the glaciers from Indiana
about 8,000 years ago, deposition has been minor.
The principal postglacial change was the redistri-
bution of sand and silt of the glacial flood plains into
windblown dune and loess deposits. Muck, peat, and
marl formed in swampy areas and alluvial deposits
formed along the modern rivers (Wayne, 1966,

p. 37).

Hydrogeology and Ground-Water Flow

In northern Indiana, large areas of sand and
gravel deposits in outwash plains and valley trains are
capable of yielding as much as 2,000 gal/min of
ground water. In addition, large yields (as much as
several hundred gallons per minute) are available
from productive Silurian and Devonian carbonate
bedrock aquifers that underlie much of the area.

Significant ground-water resources are found
in central Indiana along the valleys of the major
rivers and streams (fig. 1). Intertill sand and gravel
aquifers are present locally in the till plain throughout
most of central Indiana. The Silurian and Devonian
carbonate bedrock is a commonly used aquifer in
central Indiana.

In the southern one-third of Indiana, major
unconsolidated sources of ground water are limited to
the valleys of the Wabash, White, Whitewater, and
Ohio River systems (fig. 1). Mississippian, Devo-
nian, and Silurian bedrock are sources of ground
water in south-central and southeastern Indiana.
Pennsylvanian sandstones are typically the most

adequate ground-water resources for purposes other
than domestic (Clark, 1980, p. 34).

The productivity of different types of aquifers
can differ greatly depending on certain fundamental
characteristics. One fundamental characteristic of an
aquifer is the ability to store water in pores. This
porosity can be in the form of intergranular spaces as
in sand and gravel; fractures and solution openings as
in carbonate rocks; or intergranular spaces and
fractures as in sandstones (Todd, 1980, p. 37-39). As
unconsolidated sediment turns to stone, or becomes
lithified, the original porosity of the sediment is
reduced by cementation, compaction, and pressure
solution (Davis, 1988, p. 325). Therefore, lithology
is an important control on aquifer productivity,
because it affects primary and secondary porosity and
hydraulic conductivity. Different types of openings
or pore spaces 1n geologic material are shown in
figure 9. Openings that formed at the same time as
the rock, such as pores in sedimentary deposits, are
called primary openings (fig. 9a). Pores that formed
after the rock is formed are called secondary open-
ings (fig. 9b and 9c). The diameter of pores in sedi-
mentary deposits can range from a few micrometers
in clays to more than a centimeter in coarse gravel
(Heath, 1988, p. 15) to the size of caves in carbonate
rocks. An aquifer must be able to transmit water
through such openings. This characteristic, called
hydraulic conductivity, is dependent on the intercon-
nected porosity of the material, the type of liquid, and
the magnitude of the gravitational field (Lohman and
others, 1972, p. 4). The hydraulic conductivity of an
aquifer increases as grain size and the degree of
sorting increase. Hydraulic conductivity is also
usually greater in aquifers that have been enhanced
by secondary porosity, such as fracturing. Finally, to
be productive, an aquifer requires a source of water
from precipitation or from adjacent geologic mate-
rials. Only 8 to 16 percent of the precipitation in
Indiana, or about 3 to 8 inches per year, infiltrates
into the ground-water system. Most of the precipi-
tation is lost through evapotranspiration, and some
runs off the land into surface waters (Bechert and

The preglacial topography of most of the northern
two-thirds of the State was buried beneath 50 to more

8 Hydrogeologic Atlas of Aquifers in Indiana

1g. &) tTlowed out of the basin of Lake Michigan anc
formed the Maxinkuckee Moraine (fig. 3). The lobe
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Table 1. Ground-water withdrawals and pumping capability in Indiana, 1991
[Withdrawal and pumping-capability data are from Indiana Department of Natural Resources, 1993, written
commun.; Mgal, million gallons; Mgal/d, million gallons per day]

Basin Withdrawal Pumping capability
Daily Annual (Mgal/d)
(Mgal) (Mgal)
White River 104. 37,800 524
St. Joseph River 87.1 31,800 607
Middle Wabash River 84.7 30,900 366
Upper Wabash River 74.8 27,300 518
Ohio River 55.9 20,400 263
Kankakee River 55.3 20,200 574
East Fork White River 39.2 14,300 254
Lake Michigan 19.4 7,090 96.4
Lower Wabash River 17.5 6,390 206
Whitewater River 11.5 4.200 53.6
Maumee River 9.34 3,410 81.6
Patoka River .086 31.5 0.3
TOTAL 559 204,000 3,540

are labeled with a “d” on the sections. A few wells in
each basin represent the combined lithologic data from
shallow water-supply well logs and nearby deep test-
hole logs. These combined wells are labeled as test
wells on the hydrogeologic sections.

In the first five basins for which hydrogeologic
sections were completed (Lake Michigan, St. Joseph,
Maumee, Upper Wabash, and Lower Wabash), all
sections were oriented roughly perpendicular to the
major surface-water drainage in each basin to depict
ground-water discharge to surface water. The
remaining seven basins included one or more sections
perpendicular to the other sections in the basin. For
convenience, most hydrogeologic section lines run
south to north or west to east. Logs of wells located
within 1 mi of a hydrogeologic-section line were
plotted at a density of one to three wells per mile.

Water levels shown on wells in the cross sections
represent the hydraulic head in the aquifer in which the
well is completed. Some of the water levels are
connected to represent the generalized potentiometric
surface 1n an aquifer that is being tapped by a group of
wells along the section. Water levels were not
indicated for all of the wells because they were not
available from all drillers’ logs. The locations of all
hydrogeologic sections presented in the atlas are shown
in figure 11. The number of section lines, length of
section lines, and number of wells plotted for each
section are listed in table 2.

The surface elevation shown on the hydrogeo-
logic sections reflects the land surface at the well and
does not necessarily portray the true topographic relief
along the section line. For example, all the wells in a
certain area might be located in a stream valley; no

wells can be plotted in adjacent uplands even though
the uplands are within the 2-mile width of the section
line. Therefore, the surface topography depicts a valley
and does not reflect the actual relief along the section
line. The hydrogeologic sections are generally drawn
to a depth of 300 ft below the land surface or at least
50 ft below the bedrock surface, whichever is greater.
Only a small percentage of the water wells in the State
are greater than 300 ft deep. Therefore, relatively little
information at greater depths is available. Further-
more, use of water at depths greater than 300 ft is
limited by low yields and salinity (W.]. Steen, Depart-
ment of Natural Resources, 1990, written commun.;
Indiana Department of Environmental Management,
1990, p. 223).

Aquifer types depicted in the hydrogeologic
sections are sand and gravel, carbonate rock, sandstone,
an upper weathered zone in low permeability rock, and
interbedded bedrock material. Most bedrock was
depicted as aquifer only where it is known to produce
water. (This information is available from drillers’ logs
and previous studies.) If the bedrock formations are
potentially water producing, then the material is
mapped as “aquifer—potential unknown.” Much of
the complexly interbedded bedrock of Mississippian
and Pennsylvanian age, the weathered zones, and some
of the Silurian and Devonian carbonate rock was
mapped as “aquifer—potential unknown” because of
low yields, dry holes, or little knowledge about the
productivity of the material. Almost all the Silurian
and Devonian carbonate rock within 300 ft of land
surface was depicted as aquifer even if no site-specific
information was available to confirm its productivity.
“Aquifer” and “aquifer—potential unknown” are
colored on the hydrogeologic sections, whereas
bedrock nonaquifer material and areas of unknown
geologic material are not colored. In some sections,
part of a formation is denoted as aquifer, but the rest is
denoted as “aquifer—potential unknown” or non-
aquifer—that is, a specific formation need not be
hydrogeologically uniform throughout its extent.
Unconsolidated material was grouped into two broad
hydraulic categories: (1) sediments that have a
relatively high hydraulic conductivity, such as sand and
gravel; and (2) sediments that have a relatively low
hydraulic conductivity, such as clay, silt, or mixed drift.
Many of the sand and gravel deposits are aquifers,

whereas the materials of low hydraulic conductivity
were labeled as nonaquifer material. Areas where the
geology is unknown are indicated by question marks.

Construction of Aquifer Maps

The maps showing lateral extent and continuity
of aquifer types are based on interpretations of the
hydrogeologic sections, on previously published
surficial and bedrock geology maps, and on infor-
mation available from previous studies of basin hydro-
geology. The “Quaternary Geologic Map of Indiana”
(Gray, 1989) was used to draw many of the surficial
sand and gravel aquifers that were confirmed by the
hydrogeologic sections. Bedrock geologic maps (Gray
and others, 1987; Geosciences Research Associates,
Inc., 1982; Gray, 1982) were used to indicate the extent
of bedrock aquifers and the approximate boundaries
where aquifers were buried by more than 300 ft of
material.

The lithostratigraphic approach used in this
study to define hydrogeologic settings resulted in seven
aquifer types. Sand and gravel deposits are designated
as surficial, buried, or discontinuous on the aquifer
maps. Surficial aquifer indicates that the aquifer is
covered by less than 10 ft of nonaquifer material.
Buried aquifer indicates that the sand and gravel is
covered by 10 ft or more of nonaquifer material and
that the deposits are continuous in at least one direction
for several miles or more. Discontinuous aquifers
refer to lenses of sand and gravel that are not laterally
extensive (discontinuous aquifers are typical of
morainal areas). Buried bedrock valleys were mapped
where productive aquifers are within them. The three
unconsolidated aquifer types are shown as sand and
gravel on the hydrogeologic sections. Carbonate rock
(limestone and dolostone); sandstone; complexly inter-
bedded sandstone, shale, siltstone, limestone, and coal;
and an upper weathered zone in low-permeability rock
are shown on the sections and on the aquifer maps. All
of the complexly interbedded material shown on the
sections is shown on the map as “aquifer—potential
unknown” because of the uncertainty in mapping the
water-producing zones on a regional scale. Areas
typically devoid of formations capable of producing
yields sufficient for domestic purposes are indicated as
nonaquifer material on the maps.

Methods of Study 13
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Figure 11. Location of hydrogeologic sections in the 12 water-management basins.
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Table 2. Summary of basin areas and hydrogeologic section characteristics

[miz’ square mile]

Length of Total
Area Number of section lines number of Number of

Basin (mi2) section lines (in miles) wells wells per mile
Lake Michigan 604 9 108 212 2.0
St. Joseph River 1,699 7 148 213 1.4
Kankakee River 2,989 9 339 490 1.4
Maumee River 1,283 5 244 305 1.3
Upper Wabash River 6,918 10 594 333 1.4
Middle Wabash River 3,453 347 470 1.4
Lower Wabash River 1,339 9 145 193 1.3
White River 5,603 11 409 354 0.9
East Fork White River 5,746 10 499 616 1.2
Whitewater River 1,425 6 189 226 1.2
Patoka River 862 6 99 93 1.0
Ohio River 4,224 13 375 214 0.6

TOTAL 36,145 104 3,496 4,225 1.2

IStatewide average

Limitations of the Methods

In areas where large numbers of well logs were
available for plotting, the logs with the location
nearest the section line, the most complete well-
record information, and the deepest hole were chosen
for the hydrogeologic sections. This search for strati-
graphic and hydrologic information resulted in a bias
toward deep wells and deep aquifers in many
locations.

The hydrogeologic sections represent the inter-
pretation of the well-log data by the author(s) for
each basin. The sections do not represent the only
possible explanation or representation of the hydro-
geology at that location. The reliability of the sec-
tions can vary within each basin depending on the

quantity and quality of information on the drillers’
logs. Logs were not always available at the desired
density of two per mile. Some hydrogeologic
sections include areas where only one well log is
plotted in a 5-mile interval,

The interpretation of the well-log data on the
hydrogeologic sections is a simplified picture of the
geology on the section. Where lithologies change
over short lateral distances, such as in the unconsoli-
dated glacial deposits and the Pennsylvanian rocks,
well logs spaced every 1/2 to 1 mi do not provide the
needed information to depict detailed variations in
geology. Inthe Pennsylvanian rocks, lithologies
were commonly lumped together to avoid over-inter-
pretation of well logs and, hence, a misleading and
inaccurate representation of the system.

Many of the hydrogeologic sections contain
logs of wells that were not drilled to the bedrock
surface. In these areas, the topography of the
bedrock surface was transferred from the “Map of
Indiana Showing the Topography of the Bedrock
Surface” (Gray, 1982). In these same areas, the
bedrock geology and hydrostratigraphy was mapped
with reference to the “Bedrock Geologic Map of
Indiana” (Gray and others, 1987), the “Hydrogeo-
logic Atlas of Indiana” (Geosciences Research
Associates, Inc., 1982), structural maps of the base
and top of the New Albany Shale in Indiana (Bassett
and Hasenmueller, 1979a; 1979b), structural maps of
the top of the Ordovician, Silurian, and sub-Pennsyl-
vanian surfaces in Indiana (Bassett and Hasen-
mueller, 1980; Hasenmueller and Bassett, 1980;
Keller, 1990), and other sources.

Water levels shown on the hydrogeologic
sections were measured at different times by different
drillers in aquifers that are not necessarily hydrologi-
cally connected. Water levels may also be a com-
posite head from several aquifers or stratigraphic
intervals, especially in uncased bedrock wells.

The aquifer map may not reflect the actual
lateral extent and boundaries of the aquifer types.
Because the section lines are 6 to 20 mi apart, the
continuity of areas between the hydrogeologic
section lines was extrapolated from the sections
or inferred from published sources.
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sand and gravel layer (Rosenshein, 1962b, p. 129).
The surficial till is similar lithologically but less
dense than the basal till.

Overlying the basal till in the northern one-half
of the basin is primarily fine to medium glaciolacus-
trine and wind-blown sand with some beach gravel,
local peat, and lake silt and clay deposits. Most of
these deposits were formed in association with
glacial Lake Chicago, and they range in thickness
from O to 70 ft (Rosenshein, 1962b, p. 129; Rosen-
shein and Hunn, 1968b, p. 17).
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Table 3. Characteristics of aquifer types in the Lake Michigan basin
[>, greater than; <, less than; locations of aquifer types shown in fig. 17]

Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)
Surficial sand 0- 70 1.210- 500 Calumet aquifer>; Unit 112
Buried sand and gravel 10- 200 12410->500 Valparaiso aquifer’; Unit 31 2;
Subtill and basal aquifers’

Discontinuous sand and gravel 0->100 0- 500 Unit 312
Carbonate rock 400- 800 l<10- 400 Silurian-Devonian carbonate

aquifer

'Rosenshein and Hunn, 1968a.
ZRosenshein and Hunn, 1968b.
3Hartke and others, 1975.

4Clark, 1980.

SShedlock, Cohen, Imbrigiotta, and Thompson, in press.

Discontinuous surficial deposits are present
throughout the southeastern part of the basin. Most of
these deposits are in morainal areas and are a complex
mix of ice-contact stratified drift and till. The deposits
may contain surficial aquifers, which can be local to
extensive and range from a few feet to more than
100 ft in thickness as in T. 37 N. of section 1G~1G’
(fig. 16). The discontinuous surficial aquifers are
usually not used as a source of water because sources
in the underlying buried aquifers are more reliable.

Bedrock Aquifers

Carbonate Bedrock Aquifer

Silurian and Devonian carbonate bedrock is the
principal bedrock aquifer in the Lake Michigan basin.
Although the carbonate bedrock aquifer is present
throughout the basin (including the part covered by
Lake Michigan), it is used mostly in the western part
of the basin (sections 1A—1A" and 1B~1B’ in fig. 16).

Generally, wells penetrate only the upper 100 ft of the
permeable carbonate bedrock. East of section 1B—1B’
(fig. 16), the aquifer is little used because of the avail-
ability of water in the unconsolidated aquifers, the
increasing depth to the bedrock aquifer, and the poten-
tially high concentrations of dissolved solids (Rosen-
shein and Hunn, 1968b, p. 5). The area where the
carbonate bedrock aquifer is generally less than 300 ft
below land surface is mapped in figure 17; however,
the aquifer is not necessarily used in this area. For the
same reasons as listed above, the aquifer is generally
not used where more than 200 ft of unconsolidated
material and(or) shale cover it, and is rarely used
where there is more than 300 ft of cover. Depth to the
carbonate bedrock ranges from about 100 ft below
land surface in section 1A—1A" to about 500 ft in
section 1I-1I" (fig. 16). Devonian and Mississippian
shales, which overlie the carbonate bedrock aquifer in
the eastern part of the basin (sections 1B—-1B’ to 1I-1T’,
fig. 16), are potential sources of small quantities of
water (Rosenshein and Hunn, 1968a; 1968b).

Devonian and Mississippian shales and(or) the
lower till unit confine the top surface of the carbonate
bedrock aquifer throughout most of the basin. The
bottom surface of the carbonate bedrock aquifer is
underlain at depths of greater than 600 ft by 200 to
250 ft of shale interbedded with some limestone
(Gray, 1972). The underlying shale functions as a
confining unit for a deeper Ordovician and Cambrian
aquifer system (not shown on fig. 17 or in hydrogeo-
logic sections). Although the deeper aquifer is
tapped extensively in northeastern Illinois (Schicht
and others, 1976; Visocky and others, 1985), it is
tapped very little in the Lake Michigan basin of
Indiana because of small well yields and high
construction and pumping costs (Rosenshein and
Hunn, 1968a). An even deeper aquifer, consisting of
about 2,000 ft of sandstone of early Cambrian age, 1s
highly saline and is used only for deep waste injec-
tion (Hunn and Reussow, 1968; Hartke and others,
1975).

Summary

The Lake Michigan basin includes 604 mi’ of
land within the northern parts of Lake, Porter, and
LaPorte Counties and a 241-mi” area beneath Lake
Michigan in northwestern Indiana. The land is
covered by a sandy lake plain overlying a basal till in
the northern part of the basin and the till-capped
Valparaiso Morainal complex to the south. The till
covers a glaciofluvial sand that overlies a basal till.
Silurian and Devonian carbonate bedrock is present
as subcrop in the western part of the basin but is over-
lIain by Devonian and Mississippian shales further

east.

Four aquifer types were delineated in the Lake
Michigan basin: (1) surficial sand and gravel,
(2) buried sand and gravel, (3) discontinuous sand
and gravel, and (4) carbonate bedrock. The primary
aquifer, present in the southern one-half of the basin,
is a buried glaciofluvial sand aquifer whose average
thickness 1s 50 ft; it can yield more than 500 gal/min.
The aquifer, which is covered by 0 to 100 ft of surfi-
cial till, overlies a basal till. Other buried sand and
gravel aquifers are found in the northeastern part of
the basin and in some of the buried bedrock valleys.
A thin but extensive surficial sand aquifer in the
northern one-half of the basin is little used because of
its proximity to L.ake Michigan, the major source of
drinking water in the area. Discontinuous buried
aquifers in the northeastern part of the basin are
commonly used as a source of water. Discontinuous
surficial aquifers are present throughout the south-
eastern part of the basin but are rarely tapped because
of more reliable buried sources of ground water. The
principal bedrock aquifer is a carbonate bedrock
aquifer, used only in the far western part of the basin.
The aquifer’s yields are generally less than those of
the unconsolidated aquifer material but can be sub-
stantial in some areas.

Regional ground-water discharge from all the
aquifers is to Lake Michigan. Locally, however,
ground water is commonly discharged through
evapotranspiration or by flow to streams, ditches, and
pumped wells in the area.
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Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 21. Thickness of unconsolidated deposits in the St. Joseph River basin.

basin, ground-water flow in the unconsolidated aqui-
fers is generally toward the St. Joseph River and its
tributaries. The four aquifer types mapped in the

St. Joseph River basin (fig. 23) are summarized in
table 4. The table includes range of thickness, range
of yields, and aquifer names commonly used by other
authors.

Unconsolidated Aquifers

Surficial Sand and Gravel Aquifers

Surficial sand and gravel aquifers are present
in approximately half of the basin (fig. 23) and are
shown in all seven hydrogeologic sections (fig. 22).
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The surficial sand and gravel aquifers consist mostly
of outwash, outwash-fan deposits, isolated hills and
ridges of ice-contact stratified drift, and Holocene
alluvium (Gray, 1989). Thicknesses are generally
greatest in the north and east and in the vicinity of
buried bedrock valleys. Thicknesses of surficial sand
and gravel aquifers range from a few feet in section
2C-2C’, T. 37 N. (fig. 22), to 160 ft in section
2B-2B’, T. 37 N. (fig. 22). Precipitation is the
principal source of recharge to the surficial sand and
gravel aquifers.

Buried Sand and Gravel Aquifers

Most of the buried sand and gravel aquifers are
composed of outwash-related material. They are

. Thickness of unconsolidated
o J deposits from Gray, 1983
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found in more than one-third of the basin, but they
are predominantly in the northeastern and central
parts of the basin, as seen in section 2C-2C’, Tps. 35
and 37 N., eastward to section 2G-2G’ (fig. 22).
Small areas of buried sand and gravel are shown at
the southern end of section 2A-2A" (fig. 22). Much
of the buried sand and gravel aquifer lies beneath the
surficial sand and gravel aquifer. A clay layer of
variable thickness separates these two aquifers.

Sand and Gravel Within Buried Preglacial Bedrock Valleys

Buried preglacial bedrock valleys are located
in two areas of the basin. The far northern parts of
sections 2B—2B’ and 2D-2D’, T. 38 N., (fig. 22)
show the depths and thicknesses of parts of these

25 KILOMETERS

valleys. This aquifer type does not cover a large area
of the basin, but it is a locally significant aquifer.
The bedrock valley is filled with sand and gravel in
some areas, and with nonaquifer material in other
areas (section 2B-2B’, fig. 22). The buried valleys
filled by thick sequences of sand and gravel can
produce as much as 2,000 gal/min (Pettijohn, 1968,
p. 8). The buried bedrock valley beneath the Pigeon
River in section 2D-2D’ (fig. 22) is filled mostly with
nonaquifer material.

Discontinuous Sand and Gravel Aquifers

Discontinuous sand and gravel aquifers under-
lie approximately half of the basin. This aquifer type,
which is present across the central one-third and
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Table 4. Characteristics of aquifer types in the St. Joseph River basin

[<, less than; locations of aquifer types shown in fig. 23]

Aquifer type Thickness Range of yield Common names
(feet) (gallons per
minute)

Surficial sand and gravel 0-160 1.225.2,000 St. Joseph and Tributary Valley,
Howe QOutwash, and Hilltop
Aquifer Systems?; Valley train
and outwash plain depositsl;
Unit 3!

Buried sand and gravel 5- 90 25-1,000 Natural Lakes and Moraine,
Howe Outwash, St. Joseph,
Topeka, and Kendallville Aqui-
fer Systems2

Sand and gravel in buried 20-480 12100-2,000 St. Joseph Aquifer System?;

bedrock valley Preglacial valley deposits>
Discontinuous sand and gravel <5- 80 1220- 600 Nappanee, Kendallville, and

Natural Lakes and Moraine Aqui-
fer Systemsz; Unit 2!

'Hunn and Rosenshein, 1969.
%Indiana Department of Natural Resources, 1987.
3Pettijohn, 1968.

parts. Minor aquifer types include the buried pre-
glacial bedrock valleys along the Indiana-Michigan
State line and the discontinuous sand and gravel
aquifer material across the central one-third and
southern boundary of the basin.

Potential bedrock aquifers are not mapped in
the St. Joseph River basin because of their great
depth and infrequent use. The Silurian and Devonian
carbonate rocks have the greatest potential as a bed-
rock ground-water source. Sandstone deposits within
the Coldwater shale in the northeast part of the basin
are also potential bedrock aquifers.
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Figure 24. Location of section lines and wells plotted in the Kankakee River basin.
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Figure 26. Bedrock geology of the
Kankakee River basin.
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Unconsolidated Deposits

The unconsolidated deposits in the Kankakee
River basin are largely the result of glacial, glacio-
fluvial, lake, wetland, and wind-blown sedimen-
tation. They consist of clay, silt, and sandy loam
tills; sand and gravel outwash; sand dunes; sand, silt
and clay lake deposits; and peat. Thicknesses of
unconsolidated deposits range from less than 50 ft in
the western one-half of the basin to about 350 ft at

the northern basin divide near Laporte, Ind. (fig. 27).

Glaciers advanced through the Kankakee
River basin a number of times before Wisconsinan
time. Most of what is preserved, however, is a result
of the last several advances. During the Wiscon-
sinan Age, ice actively advanced through the basin
and eroded or overrode most of the older glacial
deposits (fig. 8).

The Lake Michigan ice lobe overrode most of
the Kankakee River basin as it advanced south of the
basin. Where the eastern edge of the ice stalled at a
till upland on the east side of the basin in central
Marshall and St. Joseph Counties, it formed the
Maxinkuckee Moraine (fig. 25), which has been
interpreted as an outwash fan head (Bleuer and
Melhorn, 1989, p. 44). Two other ice lobes were
also active in northwestern Indiana at this time. The
Saginaw Lobe advanced southwest into eastern
Marshall and St. Joseph Counties. It sat in a lowland
east of the Maxinkuckee Moraine and deposited till
in the eastern part of the Kankakee River basin
(Gray, 1989). The third lobe, the Huron-Erie Lobe,
advanced west into Indiana, south of the Saginaw
Lobe and east of the Lake Michigan Lobe.

As the Lake Michigan Lobe receded, it formed
the till-cored Iroquois Moraine (fig. 25) and a
proglacial lake that covered a large area of the
Kankakee River basin between the ice to the north
and the Iroquois Moraine to the south (Fraser and
Bleuer, 1991b, p. 5). Lake muds, in excess of 30 ft,
were deposited 1n the lake, and basal and ablation
tills were later deposited over the muds (Fraser and

Bleuer, 1991, p.5; Gray, 1989).

After the Lake Michigan Lobe receded, the
Huron-Erie Lobe advanced west across the southern
half of the basin, overriding the Iroquois Moraine

and depositing thin (10 to 30 ft) tills in Benton and
southern Newton and Jasper Counties (Gray, 1989).

The Lake Michigan Lobe retreated to a
bedrock high on the northern edge of the Kankakee
River basin, where it formed the Valparaiso Moraine
(fig. 25). The upper part of the moraine is domi-
nantly till on the western side, but it contains pro-
gressively more sand to the east until it becomes
primarily a giant outwash fan head in LaPorte
County.

While the ice was forming the Valparaiso
Moraine, large volumes of outwash were deposited
in a 5- to 15-mile wide band from the southern edge
of the moraine to south of the Kankakee River.
South of the river, large areas of the outwash were
reworked by wind to form extensive dune sand
deposits. Also deposited in the lowland between the
Valparaiso, Iroquois, and Maxinkuckee Moraines
were small areas of lake sand and clay. The sandy
sediments overlie till, lake muds, or bedrock
throughout much of the basin. The sand extends
north into Lake and Porter Counties beneath the till
and ice-contact stratified deposits of the Valparaiso
Moraine. In central Newton and Jasper Counties,
the sand pinches out on the till of the Iroquois
Moraine. In western Marshall County and southern
St. Joseph County, it terminates in the till and ice-
contact stratified deposits of the Maxinkuckee
Moraine.

Aquifer Types

Nine hydrogeologic sections (3A-3A" to
31-31") were produced for this atlas to show the
general hydrostratigraphy of the Kankakee River
basin (fig. 28). Seven of the sections are oriented
from south to north; two are oriented from west to
east (fig. 24). A total of 490 well logs were used to
produce the sections; 72 well logs are from test holes
that are unrelated to water use. The average density
of logged wells plotted along the section line is
1.4 wells per mile. Several maps of Indiana were
used to produce the sections including bedrock
topography (Gray, 1982), surficial geology (Gray,
1989), bedrock geology (Gray and others, 1987),

and structure on the base of the New Albany Shale
(Bassett and Hasenmueller, 1979).

Adequate supplies of ground-water for
domestic use can be found throughout the Kankakee
River basin. Unconsolidated sands and gravels and
Silurian and Devonian carbonate bedrock are the
most productive aquifers. The primary unconsoli-
dated aquifers are surficial sands in the central part
of the basin and buried sands and gravels in the
northern and eastern parts of the basin. The car-
bonate bedrock aquifer underlies the entire basin,
but is only important as a source of water in the
western one-half of the basin. Other locally impor-
tant unconsolidated aquifers are discontinuous
surficial sands and gravels in the three morainal
areas and discontinuous buried sands in the south-
western part of the basin. An upper weathered-
bedrock aquifer composed of limestone, shale, and
minor amounts of sandstone is sometimes used in
the southwestern part of the basin. Table 5 summa-
rizes characteristics of the six aquifer types mapped
in figure 29.

Unconsolidated Aquifers

Surficial Sand and Gravel Aquifer

A surficial sand and gravel aquifer covers
about one-half of the basin (fig. 29) and is shown in
the central part of sections 3A-3A’, 3B-3B’, and
31-3T’, most of sections 3C-3C’ and 3D-3D’, and
the northern part of section 3E-3E’ (fig. 28). It
extends along a 15- to 25-mile wide band that trends
east-northeast along the Kankakee River from
[llinois to Michigan. It is bounded by the Valparaiso
Moraine on the north, the Iroquois Moraine on the
south, and the Maxinkuckee Moraine on the east
(fig. 25). The aquifer, which is underlain by clay
that can be more than 100 ft thick in some places,
locally overlies bedrock, as shown in the central part

of section 3C-3C’ and small areas of sections
3B-3B’ and 3I-31" (fig. 28).

The northern two-thirds of the surficial sand
and gravel aquifer is composed of outwash that lies
adjacent to and south of the Valparaiso Moraine.
The southern one-third of the aquifer is composed of

a mantle of dune sand over outwash. The dune sand
is mostly reworked outwash sand at higher eleva-
tions than the adjacent outwash. The surficial sand
and gravel aquifer also includes small areas of lake
sand and alluvial material along the central parts of
the Kankakee and Yellow Rivers. The aquifer
material is mostly sand to the southwest and sand
and gravel to the northeast (State of Indiana and
others, 1976, p. 111-28).

The surficial aquifer is unconfined and is
recharged primarily from direct precipitation. Some
recharge also comes from ground-water flow from
the bedrock (Hartke and others, 1975, p. 30) and
from the buried sand and gravel beneath the Val-
paraiso Moraine. The hydraulic connection between
the surficial and buried sand and gravel aquifers can
be seen in T. 33 N. of section 3B-3B’ and T. 36 N.
of section 3C-3C’ (fig. 28). Most of the ground
water flows from topographically high areas and
discharges to the rivers and ditches at lower eleva-
tions (Bergeron, 1981, p. 21). The Kankakee,
Iroquois, and Yellow Rivers function as the major
regional discharge areas for the basin (State of
Indiana and others, 1976, plate 10).

Depths to the water table range from 0 to more
than 50 ft below land surface, but are generally 10 to
20 ft. Water levels in the aquifer fluctuate about
5 ft/yr because of variations in natural recharge and
discharge (Arihood, in press); levels are highest in
the early spring and the lowest in the summer
(Bergeron, 1981, p. 23; Arihood, in press). Pumping
of the bedrock aquifer for irrigation causes little
noticeable effect on water levels in the surficial
aquifer (Basch and Funkhouser, 1985, p. 31-33).

The saturated thickness of the surficial aquifer
typically ranges from 20 to 50 ft in the southwestern
part of the basin and from 50 to 100 ft in the north-
eastern part (State of Indiana, 1976, plate 11).
Locally, the saturated thickness exceeds 150 ft, as
shown in T. 37 N. of section 3D-3D’ (fig. 28).
Ground-water yields from the surficial aquifer can
be as great as 2,000 gal/min but are commonly much
less. Generally, a properly constructed well can be
expected to produce between 200 and 600 gal/min
(Hartke and others, 1975, p. 30; Clark, 1980).
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Figure 28. Hydrogeologic sections 3A—3A" to 331" of the Kankakee River basin—Continued.
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Table 5. Characteristics of aquifer types in the Kankakee River basin
[>, greater than; <, less than; locations of aquifer types shown in fig. 29]

Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)

Surficial sand and gravel 0-175 1.23.410. 2,000 Kankakee aquifer4’5; Unit 31’2’3;
Kankakee and Valparaiso Out-
wash Apron Aquifer Systems6

Buried sand and gravel 5-100 1’?”410->1,OOO Valparaiso aquifer5 : Unit 3 1’2’3;
Valparaiso Moraine,
Maxinkuckee Moraine, and
Nappanee Aquifer Systems®

Discontinuous surficial sand and 10- 100 No data Maxinkuckee Moraine Aquifer

gravel System®

Discontinuous buried sand and 2- 50 5- 1,000 Unit 33; Iroquois Basin and

gravel Eolian Sands Aquifer Systems®

Carbonate bedrock 500- 800 5- 2,000 Silurian-Devonian carbonate
aquifer; Sexton Creek Limestone,
Salamonie Dolomite, Salina
Group, and Muscatatuck Group’

Upper weathered bedrock 50- 125 <1- 20 Mississippian Borden Group7

IRosenshein and Hunn, 1968a.

2Rosenshein and Hunn, 1968b.

3Hunn and Rosenshein, 1969.

4State of Indiana and others, 1976.

SHartke and others, 1975.

®Indiana Department of Natural Resources, 1990.
"Shaver and others, 1986.

An area of discontinuous buried aquifers in the
southwestern part of the basin is within, and south of,
the Iroquois Moraine (fig. 29). These aquifers can be
seen in the southern parts of sections 3A-3A” and
3B-3B’ and in the eastern part of section 3H-3H’
(fig. 28). The aquifers are smaller and less abundant
than the buried discontinuous sand and gravel aqui-
fers in the eastern part of the basin. Individual
aquifers tgpically are thin (2 to 15 ft) and cover less
than 1 mi“. They are recharged from the surrounding
clay material and are tapped for water supplies if no
better aquifers are available (such as in section
3A-3A’, fig. 28). Yields from these intratill aquifers

range from 5 to 50 gal/min but are commonly 10 to
20 gal/min. Depths to the aquifers can exceed 150 ft
but are generally 50 to 100 ft.

Bedrock Aquifers

Carbonata Bedrock Aquifer

Silurian and Devonian carbonate bedrock,
consisting mostly of dolomite and limestone, forms
the principal bedrock aquifer in the Kankakee River
basin. Although it is present throughout the basin, it

1s mostly used as a water supply in the western part of
the basin (fig. 29; sections 3A-3A’, 3B-3B’,
3H-3H’, and 3I-31’, and the southern parts of
3C-3C’ and 3D-3D/, fig. 28). The carbonate bedrock
is found at the bedrock surface in most of Lake,
Newton, and Jasper Counties. In the remaining parts
of the basin, it is covered by as much as 300 ft of
shale in addition to 100 to 300 ft of overlying uncon-
solidated deposits (fig. 27). Carbonate bedrock is
shown at land surface in parts of section 3H-3H’
(fig. 28) but it is more than 500 ft below land surface
in the northern parts of sections 3D-3D’ and 3F-3F’
(fig. 28).

The carbonate bedrock aquifer is generally 500
to 600 ft thick except in the northeastern part of the
basin, where it attains a thickness of 800 ft. The
upper part of the aquifer is highly permeable because
of the enlargement of fractures, joints, and bedding
planes by pre-Pleistocene weathering. The density of
the fractures and joints decreases with depth
(Bergeron, 1981, p. 15). The carbonate bedrock
aquifer also includes reef structures within the
Silurian rocks that can be highly fractured (Ault and
others, 1976). These fractures are excellent conduits
for ground water.

Most domestic wells penetrate only the upper
10 to 150 ft of the carbonate bedrock, as shown 1n
section 3H-3H’ and the southern part of section
3B-3B’ (fig. 28). Many high-capacity irrigation,
industrial, and municipal wells have been completed
in the carbonate bedrock in Newton and Jasper
Counties between the Kankakee and Iroquois Rivers.
Most of the high-capacity wells are used to irrigate
crops grown in the Kankakee outwash and surficial
dune sands, such as those shown in the central part of
section 3A-3A’ (fig. 28). The high-capacity wells
generally penetrate more than 200 ft of carbonate
bedrock; a few penetrate more than 500 ft.

In the northeastern and extreme southwestern
parts of the basin, the carbonate bedrock aquifer is
not used because of the availability of water in the
unconsolidated aquifers, the greater depth to the
carbonate bedrock aquifer, and potentially high
concentration of dissolved solids in the water
(Rosenshein and Hunn, 1968b, p. 5). The boundary

of the carbonate bedrock aquifer is mapped where the
top of the carbonate bedrock aquifer is generally
greater than 300 ft below land surface (fig. 29), but
this boundary does not necessarily separate the
usable from the unusable parts of the aquifer. The
aquifer 1s generally not used where more than 200 ft
of unconsolidated material and(or) shale cover it, and
it is rarely used where more than 300 ft of material
cover it, because of the reasons given above.

Devonian and Mississippian shales and the
lower till unit confine the upper surface of the car-
bonate bedrock aquifer throughout most of the basin.
The shales are potential sources of small quantities of
water (Rosenshein and Hunn, 1968a; 1968b;
Arihood, in press). At depths of greater than 600 ft,
the lower carbonate bedrock surface is underlain by
200 to 250 ft of shale interbedded with some lime-
stone (Gray, 1972). Recharge to the carbonate
bedrock aquifer is mostly from the till and upper
shale, and discharge is to the major rivers in the basin
(Arihood, in press). Well yields are generally 5 to
50 gal/min, although high-capacity wells can produce
as much as 1,500 to 2,000 gal/min (Basch and
Funkhouser, 1985, p. 34). During the irrigation
season, water levels in the bedrock are lowered 5 to
80 ft by pumping (Arihood, in press), but most wells
are able to recover fully before the beginning of the
next season.

Upper Weathered-Bedrock Aquifer

Mississippian limestone, siltstone, and shale
are found at the bedrock surface in the southwestern
part of the basin in Benton County (fig. 29). As
much as 200 ft of the Mississippian bedrock is shown
in the southern part of section 3A-3A’ (fig. 28).
Water wells in the section penetrate 10 to 125 ft of
the upper part of the bedrock. The upper weathered
bedrock, where permeability has probably been
enhanced due to preglacial weathering, is shown as
“aquifer.” In general, the Mississippian bedrock is a
poor water producer. Yields from wells into the
Mississippian bedrock shown in section 3A-3A’
(fig. 28) range from less than 1 to 20 gal/min.
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Summary

The Kankakee River basin includes 2,989 miZ
in northwestern Indiana. The basin is bounded by
morainal areas and till on the north, southwest, and
east; a wide band of surficial outwash and dune sands
crosses the central part of the basin.

Six aquifer types were delineated in the Kan-
kakee River basin. Unconsolidated sands and gravels
and Silurian and Devonian carbonate bedrock are the
most productive aquifers in the Kankakee River
basin. One of the primary unconsolidated aquifers is
composed of surficial sands in the central part of the
basin. The saturated thickness of the sands ranges
from 20 to 100 ft, and well yields range from 10 to
2,000 gal/min. Two additional areas of productive
unconsolidated aquifers are in the northern and
eastern parts of the basin where buried continuous
and discontinuous sands and gravels are present. The
northern buried aquifer, located beneath the Val-
paraiso Moraine, forms a single, partially confined
aquifer that is 25 to 100 ft thick. It is buried beneath
20 to 50 ft of clay till and overlies a basal till. The
eastern buried continuous and discontinuous aquifers
are the main source of ground water for the eastern
part of the basin. Sufficient supplies of ground water
for domestic use are commonly found within 150 ft
of land surface. The buried aquifers can supply from
10 to more than 1,000 gal/min of ground water. Other
locally important unconsolidated aquifers are discon-
tinuous surficial sands and gravels in morainal areas
and discontinuous buried sands in the southwestern
part of the basin.

The carbonate bedrock aquifer underlies the
entire basin but is only important as a source of water
in the western one-half of the basin, where it 1s near
or at the bedrock surface. Most domestic wells
penetrate only the upper 10 to 150 ft of the carbonate
rocks, whereas high-capacity wells penetrate from
200 to more than 500 ft of the carbonate bedrock
aquifer. Yields are usually sufficient for domestic

YC IO tHIC Y Ot e 2 3 = i,

water supply in some areas of the southwestern part
of the basin.
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Although there are several potential aquifers in
the Cambrian and Ordovician rocks, their potential as
a source of potable water is doubtful. Water in these
deep aquifers is highly mineralized, making the high
transmissivity of the rock more desirable for waste
disposal than for withdrawal of water (Bleuer and
Moore, 1978, p. 48-49). The most notable of these
potential disposal aquifers is the Cambrian-age
Mt. Simon Sandstone. Two potential disposal
aquifers within the Ordovician rocks include the
Knox Dolomite and the Trenton Limestone.

Subcrops of Paleozoic bedrock underlie the
drift throughout the Maumee River basin. Depth to
bedrock in the Maumee River basin ranges from near
zero in several areas to about 450 ft (fig. 33). The
buried bedrock surface ranges in altitude from about
500 ft above sea level at the base of a deep preglacial
stream channel to about 900 ft above sea level near
the Indiana-Michigan State line. Rocks exposed at
the bedrock surface range in age from 450 million to
355 million years (Palmer, 1983).

The oldest rocks that directly underlie the drift
in northeastern Indiana are Upper Ordovician inter-
bedded shales and limestones (fig. 32). Less than
50 ft of Upper Ordovician rock is exposed at the base
of the preglacial St. Marys Bend Segment of the
Lafayette Bedrock Valley (fig. 7) (Bleuer, 1989,
table 1). This is the only area in the Maumee River
basin where Ordovician rocks were exposed by pre-
glacial erosion.

Overlying the Ordovician rocks throughout the
Maumee River basin is a thick sequence of Paleozoic
carbonate rocks. This sequence of carbonate rocks is
composed of the Silurian Salina Group and the
Devonian Muscatatuck Group (fig. 32). The car-
bonate rocks are composed of layered limestone,
dolomite, and some thin shale beds. Their combined
thickness attains 700 ft. The carbonate rocks are
present as a subcrop below the drift south of the
Maumee River. At the southern tip of the Maumee
River basin, in the St. Marys Bend Segment of the
Lafayette Bedrock Valley, the entire carbonate rock
sequence has been eroded. The carbonate rock
sequence transmits water through fractures and
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solution openings, and it is used as a source of
ground water. A paleokarst topography preserved
beneath the drift indicates that these carbonate rocks
were drained by subterranean drainage. North of the
Maumee River, the entire carbonate rock sequence
dips below younger shales.

In Indiana and Ohio, the preglacial Lafayette
Bedrock Valley (formerly Teays River Valley)
drained a 35,000—m'12 carbonate bedrock plain (L.D.
Arihood, U.S. Geological Survey, oral commun.,
1989). In the Maumee River basin, broad upland
areas between deeply entrenched streams were
underlain by 400 ft or more of carbonate rock. The
entrenchment of Tertiary streams and the presence of
buried karst topography indicate deep preglacial
ground-water levels in the carbonate rocks. Locally,
preglacial ground-water levels were near the base of
the carbonate rocks.

The youngest rocks found in the Maumee
River basin are Paleozoic shales (fig. 32). The
Devonian Antrim Shale directly overlies the Devo-
nian carbonate rocks. Three younger shale units
overlie the Antrim Shale in the Maumee River basin:
the Ellsworth Shale of Devonian and Mississippian
age, and the Sunbury and Coldwater Shales of
Mississippian age. North of the Maumee River a
subcrop of these shales is commonly overlain by
more than 200 ft of unconsolidated drift (fig. 33).
Although these shales have been eroded south of the
Maumee River (fig. 32), they attain a thickness of
about 850 ft at the Indiana-Michigan State line. In
Branch County, Mich., about 15 mi north of the
Indiana-Michigan State line, shale is exposed at the
land surface. These shales restrict the circulation of
ground water.

Unconsolidated Deposits

During the Pleistocene Epoch, ice, thousands
of feet thick, flowed repeatedly into Indiana. The
Erie Lobe advanced west-southwest across northern
Ohio following a carbonate-bedrock dip slope. The
Huron Lobe advanced south out of the Lake Huron
basin. The two lobes of glacial ice coalesced in
northwestern Ohio to form the Huron-Erie Lobe. The

Huron-FErie Lobe advanced up onto the Findlay and
Cincinnati Arches. Some deposits from previous
periods of glaciation were removed by further
advances.

As the Huron-Erie Lobe moved into north-
eastern Indiana, it was forced to change direction by
another lobe of glacial ice (fig. 8). The other lobe,
known as the Saginaw Lobe, advanced into north-
central Indiana from the Saginaw Bay area of Michi-
gan. The Saginaw Lobe and the Huron-Erie Lobe
abutted each other along the northwest boundary of
the Maumee River basin in Indiana. This blockage
forced the Huron-Erie Lobe to advance southward
across eastern Indiana. The area where the two lobes
of glacial ice abutted each other is underlain by thick
drift. This thick drift deposit is herein called the
“moraine complex.” The moraine complex has the
surface characteristics of end moraines.

The St. Marys River flows near the bedrock
surface along much of its course through Indiana;
however, bedrock is 90 ft below the streambed 3.5 mi
upstream from the confluence with the St. Joseph
River (section 4B—4B’, fig. 34). Drift thickness south
of the Maumee River (fig. 33) is generally from 50 to
100 ft, except where as much as 300 ft of glacial
deposits fill preglacial valleys. All areas where drift
thickness is less than 50 ft are south of the Maumee
River. In some areas south of the Maumee River
(sections 4A—4 A’ to 4E4F’, fig. 34), a rubble layer
composed of silt, fine sand, and broken dolomite
overlies the bedrock. Where present, this rubble
layer is generally less than 5 ft thick.

Tills are exposed at land surface over most of
the Maumee River basin in Indiana. Nearly all of the
till 1s from the Lagro Formation of Wisconsinan age
(Gray, 1989). The Lagro Formation was deposited
by the Huron-Erie Lobe more than 13,000 years ago
(Wayne, 1963, p. 44). Along the northwestern
boundary of the Maumee River basin, surface de-
posits are a mix of Huron-Erie Lobe and Saginaw
Lobe associations, especially near Huntertown in
Noble County (A.J. Fleming, Indiana Geological
Survey, written commun,, 1990).

Glacial drift south of the Maumee River con-
tains at least two identifiable till units, the Lagro and
the Trafalgar Formations (Bleuer and Moore, 1978,
p. 11). The upper unit, the Lagro Formation was
deposited over lake sediments during the last glacial
advance into the area. The Lagro Formation contains
10 to 20 percent sand and 40 to 50 percent clay. The
base of the Lagro Formation is characteristically rich
in clay because of the incorporation of the lake
sediments.

The lower till unit, known as the Trafalgar
Formation, is also of Late Wisconsinan age. The
Trafalgar Formation contains 35 to 45 percent sand,
and 15 to 20 percent clay (Bleuer and Moore, 1978,
p. 11). Typically the Trafalgar Formation is ex-
tremely hard. Dense, silty sand and gravel is locally
present between these till units. In most areas, this
sand and gravel is too silty to be used as an aquifer;
locally however, it forms small channels of coarse,
shaly gravel that are tapped by domestic wells.
Where coarse, this intertill sand and gravel unit is
composed of 50 to 90 percent shale clasts. (A.J.
Fleming, Indiana Geological Survey, written
commun., 1990).

North of the Maumee River, intertill sand and
gravel deposits are abundant throughout the drift.
These sand and gravel deposits were concentrated
into layers by meltwater that transported the silt and
clay away. Some intertill deposits form laterally
continuous horizons, whereas others are discon-
tinuous. Layered intertill deposits were formed by
repeated advances and retreats of glacial ice during
the Pleistocene. These horizontally continuous sand
and gravel deposits are disrupted in many areas.
Collapse of sediments into voids left by buried ice,
and lateral movement of sediments resulting from
postdepositional ice advances, have produced
complex deposits.

Surficial sand and gravel deposits are un-
common in the Maumee River basin of Indiana.
They can be found as valley-train deposits along the
St. Joseph and St. Marys Rivers, Cedar Creek, and
the Fort Wayne outlet of ancient Lake Maumee. A
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Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)
Surficial sand and gravel 0- 40 No data
Buried sand and gravel 0-150 20- 2,250 Intertill sand and gravel
Discontinuous sand and gravel 0- 80 220
Sand and gravel in buried 0- 50 No data Lafayette Bedrock Valley
bedrock valley aquifer!
Carbonate bedrock 0-700 35- 500 Silurian-Devonian carbonate

aquifer

IBleuer and others, 1991.
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The Wabash River begins in Mercer County,
Ohio. From Mercer County, the Wabash River
tlows into Jay County, Ind. (fig. 36). Upstream
from the Indiana-Ohio State line, the Wabash River
drains 251 mi?. Downstream from the State line,
another 34 mi” of Ohio drainage eventually reaches
the Wabash River by way of Limberlost Creek and
the Mississinewa River (fig. 36).

This eastern part of the Wabash River basin is
shaped like a shallow bowl as a result of continental
glaciation. The glacially scoured landscape slopes
northward from southern Randolph County to the
Maumee River (sections 4E—4FE’, fig. 34 and 5]J-57’,
fig. 40). Moraines function as drainage-collection
barriers on the slopes of the bowl. The moraines
prevent tributaries draining the slope from reaching
the center of the bowl. In the eastern part of the
basin, the Mississinewa, Salamonie and Wabash
Rivers drain these collection barriers, whereas the
Loblolly-Limberlost (Adams and Jay Counties),
Eightmile, and Rock Creeks (Wells County), plus
many other small creeks, drain the slope. The
streams follow the southern edge of the moraines in
the southeast part of the basin, as shown in figure
37. Loblolly Creek is partially located in a surface
trough that overlies the deeply buried Lafayette
Bedrock Valley.

Upstream from the Indiana-Ohio State line,
the Wabash River flows along the southern edge of
the St. Johns Moraine (Ohio name for Salamonie
Moraine of Indiana). At Fort Recovery, Ohio, 1 mile
east of the State line, the Wabash River has cut
across the St. Johns moraine and relocated against
the Wabash Moraine. At the State line, the Wabash
River is at an elevation of 835 ft above sea level.

Downstream from Bluffton, the Wabash River
diverges from the Wabash Moraine and continues
flowing northwest toward the Little River (Wabash-
Erie Channel). The Wabash River flows on or near
bedrock in this part of the basin. Huntington Reser-
voir, a flood control structure, regulates flow in the
Wabash River upstream from the confluence of the
Little River. The elevation of the Wabash River is
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700 ft above sea level just downstream from
Huntington Reservoir.

At Huntington, the Wabash River changes
orientation, flowing west-southwest, and follows the
Little River. The Little River (Wabash-Erie Chan-
nel) was the principal outflow channel for glacial
Lake Maumee. Bedrock is exposed in the down-
stream end of the Little River channel. Downstream
from Huntington, the Wabash River flows on bed-
rock. Terraces flanking the main channel are
composed of stream-deposited sand and gravel.

Downstream from Huntington, the Salamonie
River (fig. 36) is the next major tributary. The
Salamonie River joins the Wabash River from the
south bank at Lagro. A flood-control reservoir was
constructed on the Salamonie River just upstream of
the mouth. Downstream from Lagro to Richvalley
(fig 36), the Wabash River flows on bedrock, com-
monly without terraces. Valley width in this stretch
is slightly narrower than upstream from Lagro. This
constriction may be because of the Mississinewa
Moraine, through which the Wabash River cuts. At
Richvalley, the Wabash River valley widens as it
crosses the preglacial Lafayette Bedrock Valley.

Just downstream from Richvalley, the bottom
of the Wabash River channel is at 635 ft above sea
level, whereas the base of the Lafayette Bedrock
Valley is at about 460 ft. At this location (section
SE-5E’, fig. 40), the buried drainage channel crosses
under the Wabash River.

The Mississinewa River is the next principal
tributary to the Wabash River, entering from the
south bank (fig. 36). The city of Peru is 2 mi down-
stream from the mouth of the Mississinewa River.
From Peru to Georgetown, the Wabash River flows
west. Downstream from Peru, the bedrock surface
rises, and the Wabash River again flows on rock
with unconsolidated terraces. Pipe Creek is the next
major tributary to join the Wabash River, also from
the south bank.

At Logansport, the Eel River joins the
Wabash River. The Eel River, which also began as

a high-stage overflow drain for Lake Maumee, flows
on unconsolidated materials along its entire course.
The Eel River is the first major tributary entering the
Wabash River from the north bank downstream of
Huntington (fig. 36).

The Wabash River continues to flow on bed-
rock downstream from the mouth of the Eel River.
At Logansport, terraces along the north side of the
Wabash River are composed of unconsolidated
material. Bedrock terraces, capped by as much as
60 ft of unconsolidated drift, form the south valley
wall. At Georgetown (fig. 36), the orientation of the
Wabash River changes again. Downstream of
Georgetown, the Wabash River is oriented south-
west.

The Wabash River flows on bedrock through
most of Cass County and part of Carroll County.
Just downstream from Georgetown, the Wabash
River flows on unconsolidated deposits for several
miles. At Delphi, the Wabash River exposes the top
of a bichermal reef deposit, and the river tempo-
rarily flows on bedrock. Numerous bedrock expo-
sures along the Wabash River are klintars, the
exhumed tops of biohermal reef masses. Klintars
form bedrock knobs that protrude above the
surrounding land surface. In northeastern Tippe-
canoe County, the Wabash River flows near the
bedrock surface with alluvial sand deposits in the
channel.

In the area where Crooked Creek enters the
Wabash River, the slope of the Wabash River chan-
nel decreases from greater than 2.5 ft/mi to less than
1.5 ft/mi. This change in slope is because of the
large volumes of sediment carried into the Wabash
River by the Eel and Tippecanoe Rivers. The Eel
and Tippecanoe Rivers are the principal tributaries
draining areas north of the Wabash River. OQutwash-
fan deposits adjacent to the Tippecanoe River
(Tippecanoe Fan) have contributed large volumes of
sediment to the Wabash River. This sediment
loading begins choking the Wabash River channel
more than 15 mi upstream of the Tippecanoe River.

The largest tributary to enter the Wabash
River in the Upper Wabash River basin is the Tippe-
canoe River (fig. 36). Although the Tippecanoe
River has no bedrock exposures in its channel,
several tributaries, including Little Monon and Big
Monon Creeks, flow on bedrock. Two reservoirs on
the Tippecanoe River are located several miles
upstream from the mouth. These reservoirs are for
hydroelectric power and are not flood-control struc-
tures.

Continuing downstream, Wildcat Creek is the
last tributary to enter the Wabash River in the Upper
Wabash River basin. Wildcat Creek (fig. 36) enters
the Wabash River from the southeast bank. From
the Tippecanoe River downstream to Wildcat Creek,
the Wabash River flows directly over the Battle
Ground Lowland Section of the Lafayette Bedrock
Valley (fig. 7), and the bedrock surface lies about
100 ft below the Wabash River in this area.

Geology

Bedrock deposits

Bedrock in the Upper Wabash River basin is
composed of Paleozoic limestones, dolomites, sand-
stones and shales. Bedrock structure is dominated
by the Cincinnati Arch (fig. 4), which plunges north-
west across this basin. Along the axis of the Cin-
cinnati Arch the rocks plunge from 4 to 13 ft/mi
(0.04 to 0.14 degree) as indicated by a mapped
Ordovician marker bed (Hasenmueller and Bassett,
1980c). The plunge of the axis is steepest in the
northwestern part of the Upper Wabash River basin.

From the axis, bedrock dips both northeast
into the Michigan Basin and southwest into the
Illinois Basin (fig. 4). The dip of the bedrock away
from the axis is slightly steeper than the plunge of
the axis. Bedrock along the northeast-dipping flank
has a maximum dip of 20 ft/mi (0.22 degree) in
Kosciusko County, as indicated by a mapped Ordo-
vician marker bed (Hasenmueller and Bassett,
1980c¢).



Most of the Upper Wabash River basin is on the
northeast-dipping flank of the Cincinnati Arch. The
Wabash River rises on the northeast flank of the arch
and follows the plunge axis of the arch from the head-
waters to Logansport. At Logansport, a structural bed-
rock sag in the crest of the arch, known as the Logan-
sport Sag, allows the Wabash River to cross the axis of
the Cincinnati Arch and drain toward the Illinois Basin
(fig. 4).

Bedrock dips southwest in the part of the Upper
Wabash River basin that includes Benton, Carroll,
Clinton, Tippecanoe, and White Counties. The south-
west-dipping flank of the Cincinnati Arch has a maxi-
mum dip of 17 ft/mi (0.18 degree) in southeast Tippe-
canoe County, as indicated by a mapped Ordovician
marker bed (Hasenmueller and Bassett, 1980c).
During part of the Paleozoic Era, the arch supported
coral reef communities that are now deposits of car-
bonate rock. Throughout most of the Paleozoic Era,
this anticline separated open seas to the northeast and
southwest.

Although Paleozoic bedrock crops out at
numerous locations in the Upper Wabash River basin,
it is covered by drift in most places. Most bedrock
exposures are near the Wabash River or its southern
tributaries. The elevation of the buried bedrock surface
ranges from just below 400 ft above sea level (Bruns
and others, 1985a), at the base of a deep preglacial
valley in Tippecanoe county, to about 1,050 ft above
sea level (section 5J-5Y, fig. 40) in Randolph County
near the Indiana-Ohio State line.

The age of bedrock exposed by preglacial ero-
sion ranges from 315 to 440 million years (Palmer,
1983). Older Paleozoic rocks are present in the basin,
but they were not exposed to post-Paleozoic erosion. A
thick sequence of Cambrian sandstones, siltstones,
shales, limestones, and dolomites overlies Precambrian
igneous and metamorphic basement rocks. In the
Upper Wabash River basin, the Cambrian rocks range
from 2,000 to 3,500 ft in thickness. The Cambrian
rocks are overlain by younger Ordovician sandstones,
shales, and carbonate rocks. Ordovician rocks in the
Upper Wabash River basin area are 1,000 to 1,400 ft
thick.

The oldest rock to subcrop the drift in north-
eastern Indiana is the Maquoketa Group, an inter-
bedded shale and limestone of Ordovician age. The
subcrop of Upper Ordovician shales and limestones 1s
present at the base of the Lafayette Bedrock Valley in
the eastern one-third of the Upper Wabash River basin
(fig. 38). The Geneva Segment of the Lafayette
Bedrock Valley (fig. 7) 1s entrenched about 200 ft into
the Ordovician rocks (section 5I-5T, fig. 40).

Overlying the thinly bedded Upper Ordovician
shale and limestone is a thick sequence of carbonate
rocks, composed of limestones and dolomites. The
carbonate rocks were deposited by marine organisms
that lived in the seas during the Silurian and Devonian
Periods. Silurian formations of the carbonate rock
sequence are the Brassfield Limestone, Cataract
Formation, Salamonie Dolomite, Pleasant Mills
Formation, and the Wabash Formation. Overlying the
Silurian formations is the Devonian Muscatatuck
Group (fig. 38). Thick platform-reef deposits and
associated debris are included within this carbonate
rock sequence along the crest and flanks of the
Cincinnatt Arch.

The lithology of the Silurian-Devonian
carbonate rock sequence is variable. Clayey carbonate
rocks are more common than pure carbonate deposits.
Dolomite has replaced limestone in some areas, and
interbedded chert deposits are common in others.
Bedded gypsum and anhydrite are found in the
Devonian part of the carbonate rock sequence. The
color of carbonate bedrock ranges from white to brown,
and the texture ranges from micrite (a fine-grained

_crystalline precipitate) to bioclastic (a fossiliferous reef-

framework detritus). Bedding ranges from thin to
massive. Bedrock is nearly horizontal throughout most
of this basin; however, steeply dipping beds (up to

45 degree dip) are observed locally in reef-flank
deposits. Depositional environments ranged from
deep-water marine to shallow-water marine and
isolated tidal pools where evaporite deposits accumu-
lated. Disconformities are present within Silurian
deposits and at the Silurian-Devonian contact. These
unconformities are nondepositional and erosional.

The Silurian and Devonian carbonate rock
sequence attains a maximum thickness of 700 ft in
northeastern Whitley County. Postdepositional erosion
has thinned the carbonate rock sequence significantly
in most of the basin. Because carbonate rocks are
relatively resistant to weathering, they form the
bedrock surface across the top of the Cincinnati Arch.
Carbonate rocks are at the bedrock surface in about
75 percent of the Upper Wabash River basin (fig. 38).
Some carbonate rocks are at the bedrock surface in
every county within the Upper Wabash River basin.

After the deposition of carbonate rocks, a major
change in sea level occurred. During the Devonian
Period, sea level dropped relative to the arch, and the
connection between the Michigan and Illinois Basins
was interrupted. The Illinois and Michigan Basins both
contain younger Devonian rocks, which display facies
changes indicating shallowing seas and exposed land
areas (Droste and Shaver, 1983, p. 24). The presence
of sand indicates sandy coastal facies nearest to the arch
edges. Kerogen-rich black shales were deposited in
these anoxic basins. These carbonaceous shales are
known as the New Albany Shale south of the Cin-
cinnati Arch and as the Ellsworth and Antrim Shales
north of the arch.

The New Albany Shale and equivalent shales
were deposited during a 15 million year period
(Palmer, 1983) extending from the Devonian Period
into the early Mississippian Period. Although these
fine-grained oil shales are as thick as 150 ft in the basin,
the entire shale thickness remains in only a few subcrop
locations in the Upper Wabash River basin. These
formations have been thinned by erosion except where
they are overlain by younger rocks.

Overlying the New Albany Shale is a thin lime-
stone, known as the Rockford Limestone. Where
present, the Rockford Limestone is less than 22 ft thick
(Shaver and others, 1986, p. 124). In this basin, the top
and bottom contacts of the Rockford Limestone are
conformable and sharp. Both overlain and underlain by
shales, this thin limestone is an excellent Lower Missis-
sippian marker bed. This limestone has a uniform
lithologic texture over a large area of Indiana and
Illinois.

Where present, the Rockford Limestone is
overlain by silts and shales of the Borden Group. The
Borden Group shales are the youngest Mississippian
subcrops in the Upper Wabash River basin. When
deposited, the Borden Group probably was more than
500 ft thick in this area. Now, because of postdeposi-
tional erosion, the Borden Group is generally less than
50 ft thick in Benton, Clinton, Tippecanoe, and White
Counties. In the Upper Wabash River basin, the
Borden Group subcrop area covers less than 100 mi’
and is buried under 15 ft or more of drift. In this basin,
the New Providence Shale appears to be the only
formation within the Borden Group that has not been
eroded. The New Providence Shale is primarily a blue
gray shale. In this basin, drift unconformably overlies
the Borden Group; the contact is characterized by
moderate relief.

The youngest rocks in the Upper Wabash River
basin were deposited during the early Pennsylvanian
Period. In Benton and White Counties, a shaley sand-
stone of the Raccoon Creek Group (Shaver and others,
1986, p. 120 and 121) forms remnant caps overlying
older rocks. The rocks are medium- to coarse-grained
sandstones in alluvial-channel deposits containing
carbonaceous shale lenses (S.J. Keller, Indiana Geo-
logical Survey, oral commun., 1990). These isolated

subcrops of Pennsylvanian rock are generally less than
30 ft thick.

The Pennsylvanian rocks in the Upper Wabash
River basin unconformably overlie Mississippian and
Devonian rocks. After the deposition of the Missis-
sippian rocks, a major erosional event removed most
Mississippian rocks from this basin. At the northern
end of hydrogeologic section SA-5A’ (fig. 40), more
than 1,300 ft of Upper Mississippian and Lower Penn-
sylvanian stratigraphic section is missing (Gray, 1979,
p. K12). Hydrogeologic section SA-5A” (fig. 40)
indicates erosion of the New Albany Shale in the
Wolcott area prior to the deposition of the Raccoon
Creek Group. The hiatus (period of missing record)
between these rocks represents more than 35 million
years. There are no younger Pennsylvanian bedrock
units in this basin, although younger Paleozoic
deposits have been found in Indiana and elsewhere.

Upper Wabash River Basin 67
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Figure 39. Thickness of unconsolidated deposits in the Upper Wabash River basin.



The third physiographic area of similar
unconsolidated geology is south of the Eel River
and east of Peru. This is the northeastern part of the
Tipton Till Plain, which 1s covered with clay-loam
till. These till deposits have been radiocarbon dated
as more than 14,000 years old (Wayne, 1963, p. 44).
In the Upper Wabash River basin, nearly all surface
sediments south of the Eel River are of glacial origin
and are considered to be part of the Lagro Formation
of Late Wisconsinan age (Gray, 1989). The Mis-
sissinewa, Salamonie, and Wabash Moraines form
arc-shaped ridges across this area (fig. 37).

South of the Eel River, till covers the broad
Silurian carbonate bedrock platform. In the area
between the Eel River and the Wabash-Little River
Channel, drift thickness is greater than 150 ft
(fig. 39). Lagro till composition ranges from 35 to
55 percent clay, 35 to 50 percent silt, and 10 to
30 percent sand by weight (Gooding, 1973, p. 8).
Clay content in this till sheet is inversely proportional
to sand content, with the combined weight of clay
and sand equaling about 65 percent of the total
weight.

The area south of Huntington and east of Peru
was scraped clear of most pre-Wisconsinan drift, and
the Lagro drift sheet is commonly less than 50 ft
thick (fig. 39). Exceptions to the thin drift are areas
underlain by the Lafayette Bedrock Valley (fig. 7).
Drift greater than 400 ft thick is common within the
buried preglacial valley (fig. 39). A basal sand and
gravel overlies much of the bedrock south of the
Wabash River (sections SH-5H to 5J-5J’, fig. 40).
This basal deposit is generally less than 10 ft thick
and hydrologically connects the carbonate bedrock
and the drift.

In the area of thin drift, erosion has removed
the thin drift from the valleys of the large streams.
The Wabash, Mississinewa and Salamonie Rivers
flow on, or near, the bedrock. Exceptions are where
the Wabash River crosses buried drainage channels.
Two examples of this are (1) more than 300 ft of
unconsolidated deposits underlie the Wabash River at
Geneva and (2) more than 175 ft of unconsolidated
deposits underlie the Wabash River just upstream

from the mouth of the Mississinewa River (section
SE-SFE/, fig. 40).

The fourth and final area of distinct unconsoli-
dated deposits in the Upper Wabash River basin is
south of the Wabash River and west of the Missis-
sinewa River. This area corresponds to the part of the
Tipton Till Plain that is covered by the Trafalgar
Formation of Late Wisconsinan age (Gray, 1989).
This area is underlain by buried moraines and thick
deposits of drift. Drift thickness increases southward
from the Wabash River and generally ranges from
0 to 200 ft in this area, although more than 350 ft of
drift is found south of Frankfort, Clinton County
(fig. 39). (See hydrogeologic section SC-5C’,
fig. 40.)

In this part of the Tipton Till Plain, the till is
composed of an uncemented silty, sandy, calcareous
till containing abundant pebbles and cobbles with
scattered beds and lenses of silt, sand, and gravel
(Shaver and others, 1970, p. 176-178). Drift origi-
nated from a northeastern (Huron-Erie Lobe)
source. East of Pipe Creek, the Trafalgar Formation
is covered by the younger Lagro Formation, both of
Late Wisconsinan age (Wayne, 1963, p. 48).

Aquifer Types

Ten hydrogeologic sections in the Upper
Wabash River basin (fig. 40) were constructed for
this atlas. All are oriented perpendicular to the
Wabash River. Eight of these hydrogeologic sections
(5C-5C’ to 5J-57, fig. 40) are oriented south-north
parallel to township boundaries and are 12 mi apart.
The two westernmost hydrogeologic sections
(5A-5A" and 5B-5B/, fig. 40) are oriented south-
southeast to north-northwest (fig. 36). Hydrogeo-
logic sections SA-5A’, 5B-5B’, and 5C-5C’ (fig. 40)
are approximately 20 mi apart on their northern ends
and 6 mi apart on their southern ends. The average
density of logged wells plotted along the sections is
1.4 wells per mile. The 10 hydrogeologic sections
(5A-5A’ to 5J-5J) have a combined total length of
594 miles and a total of 833 plotted wells.

Additional bedrock-altitude information used
in the hydrogeologic sections was from Bruns and
others (1985a, 1985b, 1985¢). Bedrock-stratigraphy
mformation was supplemented by Bassett and Hasen-
mueller (1979, 1980) and Hasenmueller and Bassett
(1980a, 1980b, 1980c). Other supplemental bedrock
information was obtained from Bassett and Keith
(1984) and Cazee (1988).

A map showing the extent of aquifers in the
Upper Wabash River basin (fig. 41) was constructed
by use of the hydrogeologic sections. Additional
information for the aquifer map was obtained from
the “Quaternary geologic map of Indiana” (Gray,
1989) as well as other studies referenced elsewhere in
this section.

The aquifer map shows six types of aquifers
used in the Upper Wabash River basin. Of these six
aquifer types, four are restricted to the extensive
unconsolidated deposits. These include surficial sand
and gravel aquifers, buried sand and gravel aquifers,
discontinuous sand and gravel aquifers in isolated
deposits, and deep bedrock valleys, which may
contain sand and gravel aquifers. A fifth aquifer type
is carbonate bedrock of Silurian and Devonian age or
of Early Mississippian age. The Silurian and Devo-
nian carbonate rock is the primary aquifer used in
about 50 percent of the basin. In another 25 to 35
percent of the basin, the carbonate bedrock aquifer is
mapped where it is within 300 ft of the land surface
but is not commonly used for water supply. The
sixth aquifer type shown in figure 41, an upper
weathered-bedrock aquifer in shale, is present in the
extreme western part of the basin. Because the
aquifer covers such a small part of the basin, it is not
discussed in this section. Information on the upper
weathered-bedrock aquifer is provided in the sections
on the Kankakee River and Middle Wabash River
basins in this report.

Characteristics of the five primary aquifer
types in the Upper Wabash River basin are listed in
table 7. Differences between the types of sand and
gravel aquifers are not indicated on the hydrogeo-
logic sections.

Unconsolidated Aquifers

Surficial Sand and Gravel Aquifers

Surficial sand and gravel has been deposited in
three environments: (1) outwash plains and valley
trains where sediment was deposited by glacial
meltwaters; (2) alluvial environments where sedi-
ment is being deposited by present-day streams; and
(3) sand dunes where sediment was deposited by the
wind. Most of the surficial sand and gravel deposits
in the Upper Wabash River basin are glacial in origin.
Glacial meltwater carried sand and gravel away from
the margin of active glaciers. Outwash-plain and
valley-train deposits formed along glacial drainage
routes. Large outwash deposits of unconsolidated
sand and gravel are present along the Eel River,
Tippecanoe River and along the Wabash River down-
stream from Delphi. Tremendous volumes of sedi-
ment were brought into the Wabash River by the Eel
and Tippecanoe Rivers.

Outwash-plain deposits blanket more than
600 mi” of the Upper Wabash River basin with sand
and gravel. Most surficial outwash-plain deposits are
near the Tippecanoe River. These outwash-plain
deposits form a blanket of sand from 20 to 80 ft thick.
Outwash-plain deposits are mapped north of Lake
Shafer at Buffalo (section SB-5B’, fig. 40). Here, the
surficial deposits are from 20 to 50 ft thick and as
much as 720 ft above sea level. Surficial deposits of
sand and gravel, as much as 80 ft thick, are mapped
(section SC-5C’, fig. 40) from the Tippecanoe River
north to Lake Houghton and the basin boundary.

Beginning at Delphi, terraced valley-train
sands and gravels are present along the Wabash
River. These valley-train deposits form two terraces
above the current flood plain. (See McBeth, 1902,
p. 237.) The terraces formed at the time the glaciers
were melting. The width of the outwash deposits
range from 1.5 to 2.5 mi upstream from Logansport,
and from 2 to 3 mi downstream from Delphi. Large
flow volumes during glacial time scoured the shallow
bedrock and prevented the accumulation of major
unconsolidated deposits along the Wabash River
upstream from Logansport.
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The largest well yields in the Upper Wabash
River basin are from unconsolidated aquifers in the
buried bedrock valley. Yields from nondomestic wells
ranged from 25 to 2,000 gal/min; a median yield of
700 gal/min is reported by Nyman and Pettijohn (1971,
p. 47). The valley fill is very productive in several
areas. Several municipal users withdraw ground water
from aquifers in or just above the Lafayette Bedrock
Valley. Cities in the Upper Wabash River basin that
use the buried valley aquifer are Berne, Decatur,
Geneva, Marion, La Fontaine, and Peru. Some valley
fill aquifers are so thick and areally extensive that they
can easily supply sustainable yields of tens of millions
of gallons per day (Bleuer and others, 1991, p. 79).

Three areas of the Upper Wabash River basin are
underlain by few unconsolidated aquifers. These three
areas are (1) Adams and Wells County, (2) western
Grant County, and (3) parts of White and Pulaski
Counties. These three areas are similar in that thin drift
deposits overlie scoured bedrock. Although yield from
the drift-bedrock interface is small, a thin sand and
gravel unit is generally present.
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Bedrock Aquifers

Carbonate Bedrock Aquifers

A Silurian-Devonian carbonate bedrock aqui-
fer underlies nearly all of the Upper Wabash River
basin (fig. 41). Carbonate bedrock is absent from the
base of the Lafayette Bedrock Valley in the eastern
part of the basin, whereas it is 700 ft thick near the
tricorner area of Allen, Whitley, and Noble Counties.
Along the far northern side of the basin, increasing
drift thickness and an overlying shale unit restrict
access to the carbonate bedrock aquifer. The car-
bonate bedrock aquifer is not commonly used in
areas where the overlying drift thickness exceeds
150 ft.

Ground-water flow in the carbonate bedrock
aquifer is through vertical fractures, horizontal

DATUM IS SEA LEVEL
VERTICAL SCALE GREATLY EXAGGERATED

bedding planes, and solution openings. Karstifi-
cation of the carbonate bedrock aquifer by surface
water entering the ground-water system has further
enhanced the secondary permeability of the carbon-
ate bedrock aquifer throughout the basin. This
secondary enhancement of permeability is respon-
sible for the largest well yields available from the
carbonate bedrock aquifer. Planert (1980, p. 15)
found that the hydraulic conductivity of the carbonate
bedrock aquifer in Allen County is greatest near the
preglacial erosion surface and decreases with depth.

A ground-water divide separates regional
ground-water flow in the northeastern part of the
carbonate bedrock aquifer in the Upper Wabash
River basin (Greeman, 1991). Northeast of this
divide, more than 1,000 mi? of the Upper Wabash
River basin, and part of the White River basin (fig. 1)
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MILES

oT 0
wn

drain toward the Maumee River basin. The ground-
water flow in the regional carbonate bedrock aquifer
is toward the Maumee River basin from as far west as
Huntington, Ind. and as far south as Randolph
County (fig. 36) (Greeman, 1991). Southwest of the
regional ground-water flow divide in the Silurian-
Devonian carbonate bedrock aquifer, ground-water
flow is toward the Wabash River. Hydrogeologic
sections 5G-5G’ to 5]-5J (fig. 40) illustrate these
conclusions.

In the Upper Wabash River basin, yields from
the Silurian-Devonian carbonate bedrock aquifer are
suitable for domestic and stock uses. Yields suitable
for small industries are common; however, large
yields are less common. Well yields from the
Silurian-Devonian carbonate bedrock aquifer system
range from 15 to 1,250 gal/min. Median yields for

CONNECTS WITH 4C-4C’

nondomestic wells are 200 and 360 gal/min for the
Silurian and Devonian carbonate rocks, respectively

(Nyman and Pettijohn, 1971, p. 47).

The Silurian-Devonian carbonate bedrock
aquifer system is the alternative ground-water source
for the Upper Wabash River basin. If sufficient water
is not found in the unconsolidated deposits, the car-
bonate bedrock is a dependable source in most of the
area. North of the Eel and Tippecanoe Rivers, the
carbonate bedrock aquifer is seldom used because
water supply is available from shallower sand and
gravel aquifers. South of the Eel and Tippecanoe
Rivers, the carbonate bedrock aquifer is within 100 ft
of the land surface in many areas; however, not all
wells tap the carbonate rock, as domestic supplies are
commonly available from sand and gravel deposits.

Upper Wabash River Basin 79



< MILES 86°

86° 30

EER S iR ] i
. s
ae  Sidney .

A g v = @--m{nmﬂ e
T » % i
5, oo : -?ﬂ&uu..‘..‘. 4 o

L

. TS gl

tel sresernans M SRy gtk

EE At Bl g A A e Re

40° 30 M I s : " A PO et ' iy T — i : I ; itk Sy PR spaagiio i 40° 30'

Base from US. Geo < . e : b o : i : : Ly . i £ 5

lo
State Base Map, 1:5032:3(1781" Qr;iy

“% - pe & i I "_ > " et L R TSR l HE e
s o o, PR e A s » d . A ity
$enp L ey o S— () . q i 4 b ded s B : 4.
Y - -
' B Sk 2 e ! - Q (2
M — g e ¥ i ; .- ...‘ .....
e 4 .

- ' 'O Michigasitow:






References Cited

Bassett, J.L.., and Hasenmueller, N.R., 1979, Map showing
structure on base of the New Albany Shale
(Devonian and Mississippian) and equivalent strata
in Indiana: Indiana Department of Natural
Resources, Geological Survey, EGSP Series 800,
scale 1:500,000.

Bassett, J.L., and Hasenmueller, N.R., 1980, Map of
Indiana showing structure on top of the Maquoketa
Group (Ordovician): Indiana Department of Natural
Resources, Geological Survey, METC/EGSP Series
812, scale 1:500,000.

Bassett, P.A. and Keith, B.D., 1984, Data base for deep
wells in Indiana: Indiana Department of Natural

Resources, Geological Survey Occasional Paper 46,
29 p.

Bleuer, N.K., 1989, Historical and geomorphic concepts
of the Lafayette Bedrock Valley system (so-called
Teays valley) in Indiana: Indiana Department of
Natural Resources, Geological Survey Special
Report 46, 11 p.

1991, The Lafayette Bedrock Valley System of
Indiana—concept, form, and fill stratigraphy, in
Melhorn, W.N. and Kempton, J.P., eds., Geology
and hydrogeology of the Teays-Mahomet Bedrock
Valley System: Geological Society of America
Special Paper 258, p. 51-77.

Bleuer, N.K., Melhorn, W.N., Steen, W.J. and Bruns,
T.M., 1991, Aquifer systems of the buried Marion-
Mahomet trunk valley (Lafayette Bedrock Valley
System) of Indiana, in Melhorn, W.N. and Kempton,
J.P., eds., Geology and Hydrogeology of the Teays-
Mahomet Bedrock Valley System: Geological
Society of America Special Paper 258, p. 79-89.

Bleuer, N.K., and Moore, M.C., 1972, Glacial stratigraphy
of the Fort Wayne area and the draining of glacial
Lake Maumee, in Proceedings of the Indiana
Academy of Science for 1971: v. 81, p. 105-209.

1978, Environmental geology of Allen County,
Indiana: Indiana Department of Natural Resources,
Geological Survey Special Report 13, 72 p.

Bruns, T.M., Logan, S.M., and Steen, W.J., 1985a, Map
showing bedrock topography of the Teays Valley,
western part, north-central Indiana: Indiana
Department of Natural Resources, Geological

Survey Miscellaneous Map 42, scale 1:100,000.

82 Hydrogeologic Atlas of Aquifers in Indiana

1985b, Map showing bedrock topography of the
Teays Valley, central part, north-central Indiana:
Indiana Department Natural Resources, Geological
Survey Miscellaneous Map 43, scale 1:100,000.

1985¢, Map showing bedrock topography of the
Teays Valley, eastern part, north-central Indiana:
Indiana Department Natural Resources, Geological
Survey Miscellaneous Map 44, scale 1:100,000.

Capps, S.R., 1910, The underground waters of north-
central Indiana: U.S. Geological Survey Water-
Supply Paper 254, 279 p.

Cazee, Sherry, 1988, Catalog of core samples of the
Indiana Geological Survey: Indiana Department of
Natural Resources, Geological Survey Directory 9,
33 p.

Chamberlin, T.C., 1883, Preliminary paper on the terminal
moraine of the second glacial epoch: U.S.
Geological Survey, Third Annual Report, 1881-
1882, p. 291-402.

Clark, G.D., ed., 1980, The Indiana water resource—
availability, uses, and needs: Indianapolis,
Governor’s Water Resources Study Commission,
Indiana Department of Natural Resources, 508 p.

Droste, J.D., and Shaver, R.H., 1983, Atlas of early and
middle Paleozoic paleogeography of the southern
Great Lakes area: Indiana Department of Natural

Resources, Geological Survey Special Report 32,
32p.

Fullerton, D.S., 1980, Preliminary correlation of Post-Erie
interstadial events (16,000-10,000 radiocarbon
years before present), central and eastern Great
Lakes region, and Hudson, Champlain, and St.
Lawrence lowlands, United States and Canada: U.S.
Geological Survey Professional Paper 1089, 52 p.

Gillies, D.G., 1981, Ground-water potential of the glacial
deposits near Logansport, Cass County, Indiana:
U.S. Geological Survey, Water-Resources Investiga-
tions 81-7, 98 p.

Gooding, A.M., 1973, Characteristics of Late Wisconsin
tills in eastern Indiana: Indiana Department of

Natural Resources, Geological Survey Bulletin 49,
28 p.

Gray, H.H., 1979, The Mississippian and Pennsylvanian
(Carboniferous) systems in the United States—
Indiana: U.S. Geological Survey Professional Paper
1110-K, 20 p.

1983, Map of Indiana showing thickness of uncon-
solidated deposits: Indiana Department of Natural
Resources, Geological Survey Miscellaneous Map
37, scale 1:500,000.

1989, Quaternary geologic map of Indiana: Indiana
Department of Natural Resources, Geological
Survey Miscellaneous Map 49, scale 1:500,000.

Gray, H.H., Ault, C.H., and Keller, S.J., 1987, Bedrock
geologic map of Indiana: Indiana Department of
Natural Resources, Geological Survey Miscella-
neous Map 48, scale 1:500,000.

Greeman, T.K., 1991, Areal differences between ground-
water and surface-water drainage basins in Indiana
[abs.]: Midwest Ground Water Conference, 36th,
Indianapolis, 1991, program with abstracts, p. 106-
107.

Harrell, Marshall, 1935, Ground water in Indiana: Indiana
Department of Public Works, Conservation
Department, Division of Geology Publication 133,

504 p.

Harrison, Wyman, 1958, Marginal zones of vanished
glaciers reconstructed from the preconsolidation-
pressure values of overridden silts: Journal of
Geology, v. 66, n. 1, January 1958, p. 72-95.

Hasenmueller, N.R. and Bassett, J.L., 1980a, Map of
Indiana showing thickness of New Albany Shale
(Devonian and Mississippian) and equivalent strata:
Indiana Department of Natural Resources,
Geological Survey, EGSP Series 803, scale
1:500,000.

1980b, Map of Indiana showing structure on top of
Silurian rocks: Indiana Department of Natural
Resources, Geological Survey, METC/EGSP Series
811, scale 1:500,000.

1980c, Map of Indiana showing structure on top of

the Trenton Limestone (Ordovician): Indiana
Department of Natural Resources, Geological
Survey, METC/EGSP Series 813.

Hoggatt, R.E., 1975, Drainage areas of Indiana streams:
U.S. Geological Survey, 231 p.

Hoggatt, R.E., Hunn, J.K., and Steen, W.J., 1968, Water
resources of Delaware County, Indiana: Indiana
Department of Natural Resources, Division of Water
Bulletin 37, 57 p.

Indiana, State of, 1989, Nonpoint source assessment
report, part II: Indiana Department of Environ-
mental Management, 28 p.

Marie, J.R. and Davis, L.G., 1974, Water resources of the
middle Wabash River basin, Indiana: U.S.
Geological Survey Hydrologic Investigations Atlas
HA-508, 3 sheets.

McBeth, W.A., 1902, Wabash River terraces in Tippe-
canoe County, Indiana, in Proceedings of the Indiana
Academy of Science for 1901: Indianapolis, Ind.,

p. 237-243.

Nyman, D.J., and Pettijohn, R.A., 1971, Ground water, in
Wabash River Coordinating Committee, Wabash
River basin comprehensive study: U.S. Army Corps
of Engineers, Louisville Ky., volume VIII, appendix
G, 100 p.

Palmer, A.R., 1983, Decade of North American
geology—1983 geologic time scale: Geology, v. 11,
p. 503-504.

Planert, Michael, 1980, Ground-water availability near
Fort Wayne, Allen County, Indiana: U.S.
Geological Survey Water-Resources Investigations
80-34, 54 p.

Rosenshein, J.S., 1958, Ground-water resources of Tippe-
canoe County, Indiana: Indiana Department of
Conservation, Division of Water Resources Bulletin
8,37p.

Rosenshein, J.S. and Cosner, O.]., 1956, Ground-water
resources of Tippecanoe County, Indiana—
appendix, basic data: Indiana Department of
Conservation, Division of Water Resources Bulletin
8, 65 p.

Rosenshein, J.S. and Hunn, J.D., 1964a, Ground-water
resources of northwestern Indiana—preliminary
report, Marshall County: Indiana Department of
Conservation, Division of Water Resources Bulletin
19, 157 p.

1964b, Ground-water resources of northwestern

Indiana——preliminary report, Fulton County:
Indiana Department of Conservation, Division of
Water Resources Bulletin 20, 83 p.

1964c, Ground-water resources of northwestern

Indiana—preliminary report, Starke County:
Indiana Department of Conservation, Division of
Water Resources Bulletin 22, 87 p.



1964d, Ground-water resources of northwestern
Indiana—preliminary report, Pulaski County:
Indiana Department of Conservation, Division of
Water Resources Bulletin 24, 71 p.

Schneider, AF., 1966, Physiography, in Lindsey, A.A.,
ed, Natural features of Indiana: Indianapolis,
Indiana Academy of Science, p. 40-56.

Shaver, R.H.; Ault, C.H.; Burger, A.M.; Carr, D.D.;
Droste, J.B.; Eggert, D.L.; Gray, H.H.; Harper,
Denver; Hasenmueller, N.R.; Hasenmueller, W.A.;
Horowitz, A.S.; Hutchison, H.C.; Keith, B.D.;
Keller, S.J.; Patton, J.B.; Rexroad, C.B.; and Wier,
C.E.; 1986, Compendium of Paleozoic rock-unit
stratigraphy in Indiana—a revision: Indiana
Department of Natural Resources, Geological
Survey Bulletin 59, 203 p.

Shaver, R.H.; Burger, A.M.; Gates, G.R.; Gray, H.H,;
Hutchison, H.C.; Keller, S.J1.; Patton, J.B.; Rexroad,
C.B.; Smith, N.M.; Wayne, W. J.; and Wier, C.E.,
1970, Compendium of rock-unit stratigraphy in
Indiana: Indiana Department of Natural Resources,
Geological Survey Bulletin 43, 229 p.

Smith, B.S., Hardy, M.A., and Crompton, E.J., 1985,
Water resources of Wildcat Creek and Deer Creck
basins, Howard and parts of adjacent Countics,
Indiana, 1979-82: U.S. Geological Survey Water-
Resources Investigations Report 85-4076, 92 p.

Stallmam, R.W. and Klaer, F.H., Jr., 1950, Ground-water
resources of Noble County, Indiana: Indiana
Department of Conservation, Division of Water
Resources Bulletin 5, 103 p.

Tate, C.H.; Davis, L.G.; Johnson, L.E.; and Pettijohn,
R.A., 1973, Water resources of the Upper Wabash
River Basin, northeastern Indiana: U.S. Geological
Survey Hydrologic Investigations Atlas HA-433,

3 sheets.

Wabash River Coordinating Committee, 1971, Wabash
River Basin comprehensive study: Louisville, Ky.,
U.S. Army Corps of Engineers, 14 v., variable
pagination.

Watkins, F.A., Jr., and Rosenshein, J.S., 1963, Ground-
water geology and hydrology of Bunker Hill Air
Force Base and vicinity, Peru, Indiana: U.S.
Geological Survey Water-Supply Paper 1619-B,
32 p.

Watkins, F.A., Jr., and Ward, P.E., 1962, Ground-water
resources of Adams County, Indiana; Indiana

Department of Conservation, Division of Water
Resources Bulletin 9, 67 p.

Wayne, W.J., 1963, Pleistocene formations of Indiana:
Indiana Department of Conservation, Geological
Survey Bulletin 235, 85 p.

Upper Wabash River Basin

83



84 Hydrogeologic Atlas of Aquifers in Indiana






eug|pu| uj S19jinby jo sejly o16o0j0aboipAH 98

s 87

. \
L 4
Q@
87° 30° / P, BENTQWN
R.10W. .* o 5
<r of
T.24 N. oswell " a 'l A
° » X5 OXfOId
40° 30 Ampbia e 4 40° 30°

T.21N. . H / }3’\1\/» \ F(g
' QU L* \- &
/ Newtown o4 S IN
i, = — 4 $
'* e, 1 e~ Vo=
v W ) | E v ~ /+ © Colfax
S N g 1 . /_poto's I
I R T S e d
! t “f_‘ '# % 0e o AN T & \./g._
Covingtan o (o] Tharntawn
/ ANO) netown " Darlingtan | o

MERY  1BOON

Crawfarfsville
) Sye—
FO 1
/)\,}"/ \

< FOUNTAN

JONT
J

\ »
1,.\‘29//;14

TI8N. =

-
() 4 \ r_‘~\ -
Ny
Famaes, o

Wallace® ‘
ingman @ New Ross ™
—e—0
] R ®
A j New Market (‘é/—'
D|,< L/ ~
\ r ol _{eladoga
ASugar > Wq&elond - &)
: - s ..
e | v Mpeshall 4}"7/;Russellvitlleo o .—
. # ” i
®© \ °e _4le  a %¢ -.
6E 2 S dpte  polialteble e '
[ hd 8 B | i, e Fa) 7 6E
.:£ 'E{‘Fntezuma Rockville decil M T
5 — C EC)
T.15'N. E , \L o _?’Hcrdeu Loke ) 6A
e ﬂ EXPLANATION
L ] NG e 4
\ s A ;{_I e = = e WATER—MANAGEMENT—BASIN BOUNDARY
] { e y \\\ f_ A ~ 7
- 0/ (S W o L1 57° 6A——6A’ TRACE OF HYDROGEOLOGIC SECTION
Clinton X / e ~71 > % s
. Ny Ve (Sectians shawn in figure 46.)
a5 Bl Fussiniels gl .
B - -8 ’ e TER- PLY
] O PP Y 7y _."'_"o e 6D WATER-SUPPLY WELL
o L ]
o " Corby 4 TESEHELE
(, 4\
== ——e
39° 30" — ‘j Seelyville : 4 39° 30'
T.12 N. West Terre Haute oSta: tor? SCALE 1:500,000
un
e 3 o !OTer.re Haute - 55 9 :", 110 1|5 2|O _215 MILES
__1'_. '
" @ T 1 I 1 ¥ |
. J y 0 5 10 15 20 25 KILOMETERS
j'/ Riley
VIGO| °
\I\ y

87° 30'
Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 42. Location of section lines and wells plotted in the Middle Wabash River basin.






Bue|py| U] s1a)inby jo seny di6ojoaboipAH g8

R.7 W
Q’ A 8‘7
T T
/ ual i )
: s
s , DMsh .
. J VHITE -
/ r’ T . | . EAW
/]‘ (’ /’ II:L,_Sl___[\\‘lo" r. » @:
R.10 W. ] »? o ¢ T (""—’ S pesite,
/ ,’v" ! o‘ Sha- f ~ =" ':‘ X
.24 N. Msi Qé(w‘;ell : l' M ] - T4~ Did
' > i} ..o . )
40° 30" IR o Oxfodd©e 2 om rﬁ e \ 7
B «© + :“ ﬁh" "4"‘: l'Msi‘l ‘-'*\. 40° 30
o E - - v . 3 : -
::‘ k. e AL k, i
r A 7 1 J”‘—‘\ -‘—*.‘ 1 - - N
Mo S - - e [ -
- 3 [ Wdst Lofoyette |0 o
sy s Lof\ ctte
L 4’ tl - ‘\ A
N = N / ’n,“ ‘\ TN
: \/"’,/\R(Dr-w N L ML A e SF e = i R
: \/y‘“ ; \\t— \I’ Y ' -~\ :——_‘ :‘
I 7~ ss ¢ [
’ a] | e Msi | B
\"14\ si ! p‘ ~
T tico 1 PP
s || TIPPECAKIE - o RiE e
SO ¢ - AW R.1E . \
F.21N. Pc d £ l | G ) S 86° 30° ;( ')
? . 7 A== { X ‘ ﬁ‘-ﬂ-. = o ;
| /, 1™ | R IR - T"‘< 1Y ?‘\ 7 =" & '
j [\ ¥ 1 LT Ms ‘ By B - »
=) = Newlown ) e s SR Ne, ==kl e L\\i‘r[\ LN S, /
: 1 g | \ . ) T
< \ ~s /.. Lindeho S L;‘ﬂ "‘}F“\}s‘h: OlKirklier /
[ b | { Colfaw N, _? R~ s
f { ‘r“—*‘"""—" Jr‘-‘ e —— ——-—’. o !
( I, - b ) ~ N - 1
i - Sl i . ~.  Did , 2
' - ~ i Msi 1 ‘.\ ! plq
5 e — JO \‘ 4 S ’F\ , e S —
§ LCovingtor . . 1 -3
§ 5 Pc | o] Thorntown ¢ . >
/ Lt (gvo‘ REian Dorlington Mat' F . ~ DMsh ,' "
/ 273 i ? a° NN ' ST ‘\ul' Iy i 2
! o = " A R WS
=l o FOUNTANE VONTGOMERY — 1BOONE: P
{ s i s ~ Crowforfsvilie LeBaroyd ' T -
& / —\ ¥ : n’ £ 3 ‘ - -
FABN. » ’ B g L e A | *-
40° N el <4 x Adygince *° T\)- -~ *
‘ » wollode yomp o {2 ~— 40
KHIQH%OH ‘_.. = 1 o \ New Ross ; 86° 30’
o - 3
T—Z o B IS o - " :
Cqyugo D /] I:Z — y\\”\ New Morkat .® o Geology from Gray and others, 1987
Ay A }
. 7\. | /X\}:% ‘\E:_\ Msi o lodaga |
" "'1 ‘_)
; Mprshall
F~7 / O
e -~
Dona ) Pc
o +— i
é e c
u :__:_J M ntezuma  Rpckville
s N | = ( + SCALE 1:500,000
" N~ ‘ 5 10 15 20 25
| f.J_. ,' £ - , 25 MILES
e =T | 100 15 20 25 KILOMETERS
1 o
s 1
y Jlintomof
1 %
Uniyersal Rbsedole
o ' o
R S EXPLANATION
£ Y. JJ
Ry
" - ‘: Pc PENNSYLVANIAN COMPLEXLY e MISSISSIPPIAN SILTSTONE
’ INTERBEDDED SHALE AND AND SHALE WITH MINOR
y ’
i » ; SANDSTONE, WITH THIN BEDS SANDSTONE AND DISCONTINUOUS
on i - B et g v ] = OF LIMESTONE AND COAL-- LIMESTONE-— Compased of the
g ¢ 19 '36""‘“"‘(')& T 3° 30 Composed of the Racoon Borden Group
PIZN § ‘kwt;tlr'w'e palte -~ Toal o 2 Creek and Corbondale Groups
Yoo, | B501ES 'e”ﬁ_"l'_""”" " q}b . ond the Shelburn and Patoka
-1 Ty _tde i Formations of the . R - 4 ROCKFORD LIMESTONE
. :l" . Q MclLeansboro Group
' :'5' b
i Sad OMsh | DEVONIAN AND
| \ ,/l(— ?(\")- | _wr- | WEST FRANKLIN LIMESTONE MISSISSIPPIAN SHALE - —
V O\ MEMBER OF SHELBURN Composed af the New Albany
Y FORMATION Shale
</
g — | _g .| SPRINGFIELD COAL MEMBER Dig | DEVONIAN LIMESTONE AND
(COAL V) DOLOMITE— - Campaosed of the
Base from U.S. Geological Survey Muscatotuck Group
State Base Map, 1:500,000, 1974
| _.8- 4 LOWER BLOCK COAL MEMBER
Sdl SILURIAN DOLOMITE AND
LIMESTONE—-- Composed of the
Mi MISSISSIPPIAN LIMESTONE— - Waobash Formotion.
Composed of the Sanders and
Blue River Groups
- ——— GEOLOGIC CONTACT— - Doshed
where approximately locoted
L NP- TOP OF NEW PROVIDENCE
SHALE

o v e WATER—MANAGEMENT-BASIN
BOUNDARY

Figure 44. Bedrock geology of the Middle Wabash River basin.



The oldest rocks shown in the subsurface in
this report are shales of the Ordovician Maquoketa
Group. The Maquoketa Group 1s principally a shale
unit that is slightly greater than 200 ft thick in north-
western Indiana (Shaver and others, 1986, p. 88).
Only the upper 150 ft of the Maquoketa is shown in
the subsurface of section 6G-6G’ (fig. 46).

Overlying Ordovician rocks is a sequence of
Silurian and Devonian carbonate rocks. The entire
thickness of these carbonate rocks 1s shown in the
subsurface only in section 6G—-6G” (fig. 46) in which
the thickness is 375 ft. The dominant unit in the
Silurian and Devonian sequence 1s the Wabash
Formation, which, in the vicinity of the Middle
Wabash River basin, is greater than 250 ft thick
(Shaver and others, 1986, p. 164). Other carbonate
rocks that make up the Silurian and Devonian
sequence include the Sexton Creek Limestone, the
Salamonie Dolomite, and dolomites and limestones
of the Muscatatuck Group (Shaver and others, 1986).
Although not shown on the hydrogeologic sections,
two test wells and one industrial water-supply well
along sections 6B—6B’ and 61-61" (fig. 46) penetrated
the entire thickness of Silurian and Devonian carbon-
ate rocks. Overlying the carbonate rock sequence is
the New Albany Shale (Devonian and Mississippian).
The New Albany Shale is a dark, carbon-rich shale
that ranges in thickness from 100 to 120 ft in the
Middle Wabash River basin (fig. 46).

Mississippian rocks in the Middle Wabash
River basin are dominated by the Borden Group.
Most of the Borden Group consists of siltstones,
shales, fine sandstones, and discontinuous limestones
(Shaver and others, 1986, p. 18). Where the entire
thickness of the Borden Group has been interpreted
in the subsurface of the Middle Wabash River basin,
it is approximately 660 ft thick (section 6A—6A’,
fig. 46).

In the northern part of the basin, the Borden
Group is overlain unconformably by clastic rocks of
the Pennsylvanian Mansfield Formation (fig. 44)
(Gray and others, 1987). In the southeastern part of
the basin, however, the Borden Group is overlain by
truncated Mississippian carbonate rocks of the

Sanders and Blue River Groups. The Sanders Group
1s made up of a variety of carbonate rocks, including
fine-grained dolomites and fossiliferous limestones
(Shaver and others, 1986, p. 137). The Blue River
Group is composed largely of carbonate rocks
(Shaver and others, 1986, p. 16). The maximum
combined thickness of the Sanders and Blue River
Groups in the Middle Wabash River basin is approxi-
mately 250 ft (section 6D—-6D’, fig. 46).

Clastic rocks of the basal Pennsylvanian
Raccoon Creek Group overlie Mississippian carbon-
ate rocks in the south-central part of the basin and
overlie Borden Group rocks in the northern part of
the basin (fig. 44) (Gray and others, 1987). The
Raccoon Creek Group is dominated by shales and
sandstones, but it includes coals and minor lime-
stones (Shaver and others, 1986, pp. 120-121).
Much variability in the thickness of basal Pennsyl-
vanian rocks 1s due to thick rock sequences in pre-
Pennsylvanian valleys and thin rock sequences on top
of pre-Pennsylvanian highlands (Gray, 1979,

p. 13-14). The basal Manstfield Formation, ranging
from 50 to 300 ft thick, is dominated by sandstones
and contains coarse sands and conglomerates at its
base (Shaver and others, 1986, p. 86). Thick Mans-
field sandstones are interpreted along section 6D—-6D’
(fig. 46) in R. 6 and 7 W. Similar thicknesses of the
Mansfield Formation were documented for the same
area by Hutchison (1976, pl. 4). The Mansfield
Formation 1s overlain by the Brazil and Staunton
Formations of the Raccoon Creek Group.

Clastic rocks of the Carbondale and
McLeansboro Groups overlie the Raccoon Creek
Group (fig. 44). The Carbondale Group, which is
dominated by shales and sandstones and which
contains four economically significant coals, consists
of the Linton, Petersburg, and Dugger Formations
(Shaver and others, 1986, p. 27). The only formation
of the McLeansboro Group in the subsurface in the
Middle Wabash River basin is the Shelburn
Formation, which consists mainly of shale, siltstone,
and sandstone and is less than 175 ft thick.

The maximum thickness of Pennsylvanian
rocks interpreted in the Middle Wabash River basin

is approximately 750 ft (sections 6C-6C” and
6D-6D’, fig. 46).

Unconsolidated Deposits

The entire Middle Wabash River basin was
glaciated during the Pleistocene, and unconsolidated
materials at the surface are dominated by deposits of
the Wisconsinan glaciation. The southern extent of
Wisconsinan glaciation in the basin is in Vigo and
Parke Counties (fig. 43). Total thickness of uncon-
solidated deposits ranges from zero at bedrock
exposures along tributary valleys to greater than
350 ft in buried valleys near Lafayette (fig. 45).
Bleuer (1989, 1991) examined the stratigraphy of
bedrock-valley fill and geomorphic characteristics of
the buried valleys to define the developmental history
of the valley system.

North of the Wisconsinan glacial boundary,
surficial deposits are dominated by loamy tills of the
Trafalgar and Wedron Formations (Gray, 1989). At
least three main Wisconsinan till deposits have been
documented in a single exposure north of William-
sport, Ind. (fig. 42) (Bleuer, 1975). Sands and
gravels deposited during Wisconsinan glaciation as
outwash and stratified drift also are common. Sands
and gravels, both at the surface and in the subsurface,
are most extensive in the northern part of the basin
and in bedrock valleys. Many large bodies of sand
and gravel in the subsurface that are confined by tills
and other nonaquifer material are correlative for
lengths as much as 18 mi. Some basal sands and
gravels at the bedrock surface and separated from
overlying sands, as well as some basal sands in
bedrock valleys are certainly of a pre-Wisconsinan
origin. Surficial sand and gravel in recent river
valleys may extend throughout the length of the
basin.

South of the Wisconsinan glacial boundary,
pre-Wisconsinan loamy tills of the Jessup and
Glasford Formations are present at the land surface
(Gray, 1989). Some pre-Wisconsinan lake silts and
clays are at the surface southwest of Rosedale
(fig. 42).

Holocene alluvium and colluvium are found in
valleys of the Wabash River and its tributaries
throughout the basin. Scattered loess (wind-blown
silt) and dune-sand deposits are present in the central
and southern parts of the basin. Most of these
materials were derived from outwash in the Wabash
Valley and are concentrated along the eastern margin
and to the east of the valley.

Some Pleistocene sands and gravels have been
cemented by calcium carbonate to form lithified
sandstones and conglomerates interbedded with
unconsolidated deposits (Rosenshein, 1955). These
deposits are associated with the Wabash River and
Wildcat Creek drainage basins and can be seen in
outcrop overlying gray clays.

Aquifer Types

Nine hydrogeologic sections with a total length
of 347 mi were constructed to describe aquifer types
in the Middle Wabash River basin. Individual
sections range in length from 16 to 67 mi. In total,
470 well records were used and the average density
of plotted wells is 1.4 wells per mile. Sections
6A-6A" and 6B-6B’ (fig. 46) are oriented south-
north with a spacing ot approximately 24 mi, and
sections 6C-6C’ to 6I-61" (fig. 46) trend west-east
with a spacing of 12 mi (fig. 42). The location and
orientation of all the section lines provide coverage
approximately perpendicular to each of the two major
drainage directions of the Wabash and tributary
rivers.

At least seven aquifer types are present in the
Middle Wabash River basin: surficial sand and
gravel; buried sand and gravel; discontinuous buried
sand and gravel; complexly interbedded sandstone,
shale, limestone, and coal; sandstone; Mississippian
and Silurian-Devonian carbonate rocks; and an upper
weathered-bedrock zone. Physical characteristics
and some common or stratigraphic names for each
aquifer type are listed in table 8. The areal distri-
bution of these aquifers i1s shown in figure 47.
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Unconsolidated Aquifers

The most significant aquifer systems in the
Middle Wabash River basin consist of unconsoli-
dated surficial and buried sand and gravel that origi-
nated as outwash and alluvial valley fill and typically
are found in both recent and relict river valleys.
Some large areas of buried sand and gravel are not
associated with bedrock valleys and most likely
originated as ice-marginal stratified drift. Discon-
tinuous buried sand and gravel is present in large
areas throughout the basin. The surficial and buried
sands and gravels are extensive in their distribu-
tions. Surficial sand and gravel is found within 10 ft
of land surface, whereas buried sand and gravel is
covered by more than 10 ft of nonaquifer material.

Surficial sand and gravel aquifers can be seen
in sections 6A—6A" and 6C-6C’ to 61-61" (fig. 46). In
all cases, the surficial aquifer is within and along the
valley of the Wabash River and its tributaries.
Surficial sand and gravel aquifers range from 10 to
150 ft in thickness, but, are commonly 80 to 120 ft
thick. In places where an entire valley 1s filled from
bedrock to land surface with sand and gravel
(sections 6C-6C’ to 6F-6F’, fig. 46), that system is
called a surficial aquifer. That entire thickness of
permeable materials may not represent a single
depositional unit, but because of the absence of inter-
layered, nonaquifer material, it functions as a single
hydrogeologic unit.

Buried sand and gravel is found in various
places throughout the basin, but it is most common In
bedrock valleys (fig. 46). The most extensive buried
sand and gravel is in the buried Lafayette Bedrock
Valley System. The valley is mapped in figure 47 as
“buried bedrock valley aquifer”. Section 61-6I"

(fig. 46) roughly coincides with the main axis of the
bedrock valley where it exits the basin and enters
Illinois. The bedrock knobs shown in the bedrock
valley are a function of the 2-mile width of the hydro-
geologic section and are actually bedrock highs on
the interfluves between adjacent tributary bedrock
valleys. More than 200 ft of buried sand and gravel
are found in this part of the Lafayette Bedrock Valley
System.

Some buried sand and gravel that does not
appear to be basal fill in bedrock valleys can be seen
along section 6B—6B’ (fig. 46}, in R. 4 W. of section
6F—6F’ (fig. 46), and in several areas along section
6G-6G’ (fig. 46). In some places, multiple zones of
buried sand and gravel are separated by nonaquifer
material and are therefore stratigraphically and
hydraulically distinct (sections 6A—6A’, 6H-6H’, and
61-6I', fig. 46). Buried sands and gravels that are not
necessarily valley-fill deposits are large-scale intertill
sands and gravels, outwash-fan deposits and ice-
contact stratified drift within Wisconsinan and pre-
Wisconsinan sediment sequences (Gray, 1989).

Potential well yields from the surficial sand
and gravel range from 300 to 2,700 gal/min (Bechert
and Heckard, 1966; Cable and others, 1971), whereas
pumping rates noted on well logs that were used to
construct sections range from 10 to 781 gal/min
(table 8). Buried sand and gravel has a slightly lower
expected range of yields, from 25 to 1,500 gal/min
(Cable and others, 1971; Nyman and Pettijohn,
1971); yet, some high pumping rates from buried
sand and gravels that are noted on well logs exceed
pumping rates from the surficial sands. It is likely
that the full production potential of the surficial and
buried sand and gravel aquifers have not been
realized in many cases and that each aquifer type is
capable of significant yields.

The natural discharge points for the surficial
sands and gravels are adjoining streams, such as the
Wabash River (Pohlmann, 1986). Much ground-
water flow in the thick sand and gravel sequences is
lateral flow (Maarouf and Melhor, 1975, p. 74;
Pohlmann, 1986, p. 138) that follows regional flow
paths. In some cases, natural discharge to buried
sand and gravel and well pumpage may locally
induce flow in the surficial sand and gravel away
from the Wabash River and tributaries.

Recharge to surficial sands and gravels may
range from 6.4 in/yr (Maarouf and Melhorn, 1975,
p- 73) to 10.0 in/yr (Pohlmann, 1986, p. 138),
whereas recharge to sands and gravels buried under

low-permeability nonaquifer material may be less
than 2 in/yr (Pohlmann, 1986, p. 138).

Discontinuous buried sand and gravel is
another ground-water resource within the unconsoli-
dated deposits. Examples of this aquifer type can be
seen in virtually every hydrogeologic section;
however, it is a significant source of water only in
areas shown on sections 6A—6A’, 6B—6B’, 6F—6F,
6G—-6G’, and 6H-6H’ (fig. 46). The occurrence of
discontinuous buried sand and gravel is similar to
that of buried sand and gravel that is not related to
bedrock valleys; however, it tends to be thinner and
of smaller areal extent. Discontinuous stringers of
sand and gravel are ubiquitous, in as much as almost
80 percent of the examined well logs note some
discontinuous sand and gravel in the unconsolidated
sediments. The sand and gravel deposits are 5 to
55 ft thick and are an important source of water for
domestic needs. Expected yields from discontinuous
buried sand and gravel range from 5 to 300 gal/min
(Bechert and Heckard, 1966; Nyman and Pettijohn,
1971), whereas reported pumping rates noted on well
logs range from 2 to 320 gal/min (table 8). The
actual productivity of an individual well screened in a
discontinuous buried sand and gravel aquifer is a
function of the thickness of that unit, the storage
characteristics (storativity), the hydraulic conduc-
tivity of the confining nonaquifer material, and the
interconnection of the aquifer with other water-
bearing sand and gravel bodies.

Most buried sand and gravel aquifers, both
continuous and discontinuous, are artesian; that is,
water levels in wells that are screened in buried sand
and gravel are typically higher than the top of the
permeable unit. One large buried sand and gravel
unit that underlies the eastern part of R. 2 W. in
section 6G-6G’(fig. 46) is penetrated by four wells,
three of which are flowing wells. Buried sand and
gravel deposits that are under artesian pressures will,
in some cases, serve as sources of recharge for nearby
unconsolidated aquifers, confining units, and bedrock
units.

In general, discontinuous and continuous
buried sands and gravels that are confined above and
below by tills and other nonaquifer material have
higher hydraulic heads than basal sands and shallow

bedrock. These observations suggest that over most
of the basin, some vertical ground-water flow is
downward through the glacial cover, into shallow
bedrock. In some arecas however, most commonly
near the Wabash River and major tributaries such as
Sugar Creek, water levels in bedrock wells are higher
than those in the overlying drift, and suggest verti-
cally upward ground-water flow.

Other generalizations can be made regarding
the overall distribution of sand and gravel aquifer
material in unconsolidated sediments in the Middle
Wabash River basin. Sands and gravels, whether
they are surficial or buried, are most extensive in
thick drift sequences (fig. 45). Thick drift is most
common along buried bedrock valleys, the present
valley of the Wabash River, and north of the Wiscon-
sinan glacial boundary in the Tipton Till Plain
(fig. 43). The overall lack of sand and gravel aquifers
in the southern part of the basin and away from
bedrock and river valleys can best be seen along
sections 6A-6A" and 6E-6E’ (fig. 46).

Bedrock Aquifers

At least four distinct aquifer types have been
defined in different bedrock units within the Middle
Wabash River basin. These bedrock aquifers include
complexly interbedded sandstones, shales, lime-
stones, and coals; sandstone; Mississippian and
Silurian-Devonian carbonate rocks; and an upper
weathered zone in low permeability rocks (table 8).
Because the bedrock surface and the Mississippian-
Pennsylvanian unconformity truncate bedrock units
of different ages (fig. 44), not all bedrock aquifers are
laterally continuous. Moreover, aquifers in the upper
weathered bedrock and, in some cases, in the
complexly interbedded Pennsylvanian bedrock, are
not present throughout the stratigraphic unit but
simply represent water-bearing horizons within these
units (table 8). Where an aquifer does not include the
entire stratigraphic unit, the interpretations of the
basal or lateral boundaries of the aquifer are based on
well-completion depths and locations of lithologic
change.
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Figure 46. Hydrogeologic sections 6A—6A’ to 66/’ of the Middle Wabash River basin—Continued.

aquifer (two domestic wells in section 6G-6G’ and
one industrial well in section 61-61"). The aquifer is
not significant in the basin because of its consid-
erable depth, the presence of highly mineralized
water at depth, and the availability of water from
shallower bedrock aquifers and overlying sand and
gravel. Characteristics of the aquifer are listed in
table 8. Detailed information on the Silurian-
Devonian carbonate bedrock aquifer is provided in
the sections on the Lake Michigan and Kankakee
River basins in this report.

An upper weathered zone in low-permeability
bedrock is another significant bedrock aquifer in the
Middle Wabash River basin. The aquifer is
primarily at and immediately below the bedrock
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surface in Mississippian Borden Group rocks. The
aquifer is significant only in areas underlain by
typically nonaquifer bedrock (Borden Group),
however, it is likely that some of the characteristics
of the upper weathered-bedrock aquifer are present
in all units at the bedrock surface. The upper
weathered zone formed in the bedrock during
various weathering processes before and during
deposition of the overlying drift. The aquifer
characteristics result from the enhanced perme-
ability in the weathered zone.

The upper weathered-bedrock aquifer is
areally extensive (fig. 47), and is most significant in
the thick Borden Group rocks shown in sections
6A—-6A" and sections 6F-6F" to 6H-6H (fig. 46).

VERTICAL SCALE GREATLY EXAGGERATED

Small areas have also been inferred in section 6161
(fig. 46). This aquifer, by its nature, is not restricted
by lithologic boundaries. Rather its existence is
entirely a function of weathering at and below the
bedrock surface. Lithologic variations are shown
within the upper weathered-bedrock aquifer along
sections 6A-6A", 6F-6F" and 6G-6G’ (fig. 46) and
produce spatial variability in hydraulic properties of
the aquifer.

The true thickness of the upper weathered
bedrock is unknown, but it has been inferred from
the total penetration of wells that use it as an
aquifer. Suggested thicknesses of the upper
weathered-bedrock aquifer range from 25 to 175 ft

1

10 KILOMETERS

oTo
o

(table 8), but the true enhanced-permeability zone is
most likely limited to approximately the upper 50 ft.

Expected yields for Borden Group rocks in
the upper weathered zone range from 1 to
270 gal/min (Cable and Robison, 1974; Wangsness
and others, 1983) and up to 590 gal/min from
siltstones and shales (Nyman and Pettijohn, 1971,
p. 61); however, these yields are far greater than
those noted on logs used to construct the sections.
Reported pumping rates for the upper weathered-
bedrock aquifer range from 2 to 150 gal/min (table
8). Some of the variability in yields from this
aquifer are attributable to the observed lithologic
variations in the Borden Group, the variability in
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Table 8. Characteristics of aquifer types in the Middle Wabash River basin

[<, less than; locations of aquifer types shown in fig. 47]

. 1
. Thickness Range of yield Reported” pump
Aquifer type (gallons per rates (gallons Common name(s)
(feet) . .
minute) per minute)
Surficial sand and gravel 10-150 2:3300-2,700 10- 781 Outwash, valley train
Buried sand and gravel 10-225 3425-1,500 5-1,012 Valley fill
Discontinuous sand and 5- 55 245300 2- 320 Intertill sands
gravel
Complexly interbedded 330-375 34370 0.1- 35 Raccoon Creek
sandstone, shale, lime- Group, Carbondale
stone, and coal Group
Sandstone 330-250 368 75 1- 40 Mansfield Formation
Carbonate bedrock
Mississippian 25-225 275. 60 10- 30 Sanders Group
Blue River Group
Silurian-Devonian 320- 90 24500 50- 800 Wabash Formation
Upper weathered 325-175 6.71. 270 2- 150 Borden Group
bedrock

1Reportf:d pump rates refer to noted pump rates at the time of well installation and may not represent a “true” well-yield.

2Bechert and Heckard, 1966.
3Cable and others, 1971.
4Nyman and Pettijohn, 1971.

SReported thicknesses refer to observed and inferred permeable zones and may not correlate with specific formation

thicknesses.
Arihood and Mackenzie, 1983.
’Cable and Robison, 1974.

Summary

Ground water is available throughout the
Middle Wabash River basin from unconsolidated and
bedrock deposits; however, yields that tap these
deposits differ greatly among aquifer types. The
most productive aquifers and among the most exten-
sive are the thick sands and gravels within buried
bedrock valleys and along present river courses.
These deposits currently yield 1,000 gal/min or more
to individual wells and are capable of yielding greater
than 2,500 gal/min. Discontinuous sands and gravels
are also important and yield greater than 300 gal/min.

Perhaps the next most important aquifer, simply
because of its areal extent, 1s the upper weathered-
bedrock aquifer. This aquifer supplies a large part of
the domestic water requirement for the northern and
eastern two-thirds of the basin. Pumping rates for
wells in the upper weathered bedrock are as high as
150 gal/min. Sandstones and complexly interbedded
sandstones, shales, limestones, and coals, of Pennsyl-
vanian age, provide for the domestic water needs in
the southwestern one-third of the basin and yield as
much as 75 gal/min. The Mississippian carbonate
bedrock aquifer is unpredictable because of perme-
ability differences common to carbonate rocks. Dry

holes are noted 1n these rocks, whereas some wells
yield as much as 30 gal/min. Although the Silurian-
Devonian carbonate bedrock aquifer is an important
aquifer in the State, it is rarely used in the Middle
Wabash River basin, generally because of its depth.
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One or more of the beds may not be present in parts
of Posey and Gibson Counties (Shaver and others,
1986).

The Bond and Mattoon Formations are present
only in the far western part of the Lower Wabash
River basin (fig. 50). The formations are primarily
shale, siltstone, and sandstone. The Bond Formation
attains thicknesses of 250 ft in northwestern Posey
County. Only the upper 40 ft of the Mattoon For-
mation is present in Western Sullivan County,
whereas the lower 150 ft, including the Merom
Sandstone Member is present in northwestern Posey
County (Shaver and others, 1986).

A pronounced structural feature of the region is
the Illinois Basin (fig. 4). The major stratigraphic
units in the Lower Wabash River basin become
thinner with distance from the center of the basin,
which is in southeastern Illinois. In the Lower
Wabash River basin, the Pennsylvanian rocks
generally dip to the west-southwest at approximately
25 ft/mi (Gray, 1979, p. 3). In contrast to the topog-
raphy of the formations that are exposed at the land
surface, the bedrock surface beneath the glacial drift
is generally a gently rolling plain. Valleys of the
unglaciated areas are filled with valley-train deposits
or lake sediments (Cable and Robison, 1973; Cable
and Wolf, 1977, p. 6).

Faults in the Wabash Valley are another
pronounced structural feature of the basin (fig. 50).
Faults as much as 30 mi long, with displacements
greater than 400 ft, have been identified (Ault and
Sullivan, 1982). These post-Pennsylvanian faults are
present as single planes and in zones of multiple
planes. The faults in the Lower Wabash River basin
are confined to Posey and Gibson Counties and trend
north-northeastward, parallel to faults in Kentucky
and Illinois (Ault and Sullivan, 1982, p. 7). Eleven
distinct faults or fault systems, with displacement
between 20 and 450 ft, have been mapped and named
by Ault and Sullivan (1982, p. 12). Faults in the
Inglefield Sandstone Member of Posey County have
been mapped by Robison (1977, pl. 3) (see section
TA-TA’, fig. 52). Faulting in the Springfield Coal

Member has been mapped in northern Posey County
by Tanner and others (1981b).

Unconsolidated Deposits

In the aggraded valleys of the Wabash River
and major tributaries, the primary unconsolidated
deposits consist of alluvium that overlies thick Pleis-
tocene valley-train sand and gravel deposits. The
thickness of unconsolidated deposits in the Lower
Wabash River basin is shown in figure 51. Thick-
nesses of sand and gravel as great as 150 ft have been
measured adjacent to the Wabash River (Fidlar,
1948, pl. 3) and along Busseron Creek. In general,
the sand and gravel deposits lie directly on the
bedrock (Shedlock, 1980). Thickness of unconsoli-
dated deposits decreases to 50 ft in minor tributary
valleys and to less than 50 ft in the uplands (Gray,
1983). Many oxbow lakes and abandoned meanders
are present in the modern Wabash River flood plain.
Some of these depressions are filled with gravel and
silt carried by floodwaters. Pre-Wisconsinan glacial
drift of variable thickness covers the Pennsylvanian
bedrock in the upland areas. Loess and sand dunes as
much as 50 ft thick are scattered throughout the basin
and cover the drift locally. Sand dunes have devel-
oped on terraces and lake plains along the edge of the
Wabash River valley and on some nearby uplands.
The dunes are primarily i Sullivan and Vigo
Counties (Fidlar, 1948, p. 91-95).

Clay and silt beds were deposited in the lake
plains along many of the tributary valleys. During
Wisconsinan time, lakes once covered much of
central and north-central Posey County and areas of
Sullivan, Gibson, and Vanderburgh Counties (Fidlar,
1948, pl. 1). Lake-silt deposits up to 150 ft have been
measured in northern Gibson County. Many of the
lake plains have been buried beneath younger wind-
blown sediments (Fidlar, 1948, p. 48).

Aquifer Types

Nine hydrogeologic sections (7TA-7A’ to
71-71") were produced for this atlas to depict aquifer
types in the Lower Wabash River basin (fig. 52). All

sections are oriented west to east, approximately
perpendicular to the Wabash River (fig. 48). Section
lines were drawn at about 12-mi intervals, except in
northern Sullivan County where section lines were
drawn at 6-mi intervals and in northern Gibson
County where there is a 20-mi interval between two
section lines. The average density of logged wells
plotted along the section lines is 1.3 wells per mile.

The major aquifer type in the Lower Wabash
River basin is the outwash and alluvial sand and
gravel in the Wabash River valley. These thick sand
and gravel deposits are relatively clean, well sorted,
and coarse grained. A secondary unconsolidated
source of ground water in the basin is the buried sand
and gravel in tributary valleys. These deposits are
covered by more than 10 ft of silt and clay. Addi-
tional unconsolidated ground-water resources include
sand and gravel lenses interbedded with lake sedi-
ments and glacial till, and dune sands (Cable and
others, 1971; Cable and Robison, 1973; Robison,
1977, Clark, 1980).

Wells drilled into the Pennsylvanian bedrock
are commonly finished in the intervals that contain
sandstones at the base of individual formations.
Although these sandstones typically are the major
sources of ground water in the bedrock, wells com-
monly are open to layers of shale, limestone, sand-
stone, and coal. The presence of laterally thin and
discontinuous deposits results in extremely complex
lithology and difficult aquifer definition in the basin.
Therefore, it is impossible to delineate the exact
source of the water to most wells. Yields of ground
water from the bedrock are rarely enough for any use
other than domestic. Thus, the importance of these
bedrock aquifers lies not in their productivity but in
their wide areal distribution. They are commonly the
sole source of freshwater in the interior of the Lower
Wabash River basin.

The four aquifer types of the Lower Wabash
River basin are summarized in table 9. The table
includes range of thickness, range of reported yields,
and common or geologic names that previous authors
have used to define the aquifers.

Unconsolidated Aquifers

A surficial sand and gravel aquifer is present
along the Wabash River flood plain in the northern
two-thirds of the basin (fig. 53). Although the
surficial sand and gravel is depicted on the northern
seven hydrogeologic sections, this aquifer is shown
most extensively in sections 7D-7D’ and 7F-TF
(fig. 52). Yields from wells located outside the
Wabash River valley are typically much less than
yields from the Wabash valley (table 9).

Sand dunes were mapped as surficial aquifer
only where they are known to be producing water,
such as in section 7F-7F, R. 9 W. (fig. 52). Dune
sands typically are thin deposits with a highly fluctu-
ating water table; thus, dune sands are relatively
undependable as a source of water. Instead of being
used as aquifers, the dune sands in the Lower
Wabash River basin commonly function as recharge
areas for underlying aquifer material (Gray, 1973).

Buried sand and gravel aquifers generally are
present in the southern one-third of the Wabash River
flood plain and in the valleys of the major tributaries
to the Wabash River. The buried sand and gravel in
the Wabash River valley (sections 7A-7A’ to
7C-7C’, fig. 52) is connected to and of the same
origin as the surficial sand and gravel aquifer to the
north. The gradational boundary between the sur-
ficial and buried sand and gravel aquifers in the
Wabash River valley is the area where the outwash is
buried by more than 10 ft of nonaquifer alluvial
material. In general, the aquifer 1s buried by about 10
to 20 ft of alluvial sand, silt and clay material.
Buried sand and gravel aquifers also are present
along Busseron, Prairie, Turman, Maria, and Big
Creeks (fig. 53). The Busseron Creek and Turman
Creek sand and gravel deposits are shown in section
7H-7H’ (fig. 52). Another buried sand and gravel
aquifer underlies low-permeability clay and silt in the
uplands near Poseyville (Robison, 1977, pl. 1,2).

Recharge to the unconsolidated aquiters
typically occurs where precipitation infiltrates
directly into the aquifer or through the overlying
glacial or fine-grained alluvial material.
Shedlock (1980) estimated recharge rates to the
outwash aquifer near Vincennes to be 12 in/yr.
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Figure 52. Hydrogeologic sections 7A-7A’ to 7/-71" of the Lower Wabash River basin.
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Table 9. Characteristics of aquifer types in the Lower Wabash River basin

[Locations of aquifer types shown in fig. 53]

Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)
Surficial sand and ravel 10-150 150-2,700 Wabash Valley outwash,
valley train, and dune sand
Buried sand and gravel 10- 50 235300 Interbedded sand and
gravel lenses
Sandstone 20- 65 4%0.5- 20 Inglefield Sandstone Member>
or Patoka aquifer4 or white water
sand
Complexly interbedded 3520- 50 %0.1- 15 Busseron Sandstone
sandstone, shale, Member > or Unit 6!
limestone, and coal 31- 63 6. 56 Coxville *%or Linton aquifer4
Anvil Rock /, Merom?, and St.
Wendel? Sandstone Members
0- 10 130.5- 20 Danville (Coal VII),

Springfield (Coal V), and
Seelyville (Coal IIT) Members

West Franklin Limestone
Member? : Units 2 and 38

ICable and others, 1971.
Robison, 1977.

3Barnhart and Middleman, 1990.
4Cable and Wolf, 1977.

5Glore, 1970.

“Wier and others, 1973.
"Hopkins, 1958.

8Cable and Robison, 1973.

It is commonly impossible to laterally cor-
relate a sandstone unit across a section or to know
whether a specific sandstone or other stratigraphic
unit is saturated or water-producing unless noted by
the well drillers. Therefore, bedrock not indicated
as “aquifer material” on the hydrogeologic sections
implies that an abundance of low-permeability shale
or sandy shale is present. If no information was
available to indicate whether the rocks are aquifer or
nonaquifer material, then the area is shown as
“aquifer—potential unknown” on the section. An
example 1s the material depicted beneath the

110 Hydrogeologic Atlas of Aquifers in Indiana

sandstone aquifer in section 7A-7A” (fig. 52). All
of the complexly interbedded sandstone, shale,
limestone, and coal was mapped as “aquifer—
potential unknown” on figure 53 because of the
difficulty in mapping aquifer zones in the com-
plexly interbedded bedrock where hydrogeologic

properties can abruptly change.

The cementation of the sandstones limits their
hydraulic conductivity; the confining nature of the
overlying shales and the underclays limits the
recharge to the sandstones. These two factors

contribute to the low yield from most sandstone
aquifers in the basin (Glore, 1970, p. 34-35; Wier
and others, 1973, p. 301). On the other hand, the
sandstones of the Mansfield Formation at the
Mississippian-Pennsylvanian contact (fig. 5) are
reported to be a source of water, but they are too
deep to be an economically desirable source of
freshwater in the Lower Wabash River basin
(Harrell, 1935; Watkins and Jordan, 1963; Cable
and others, 1971; Cable and Robison, 1973;
Robison, 1977; Banaszak, 1980; Clark, 1980; Smith
and Krothe, 1983; Barnhart and Middleman, 1990).

The approximate locations of the Danville
(Coal VII), Springfield (Coal V), and Seelyville
(Coal III) Coal Members have been shown on the
hydrogeologic sections (fig. 52) on the basis of data
from the drilling records and previous studies
(Wier, 1952a, 1952b; Friedman, 1954; Waddell,
1954; Wier and Powell, 1967; Tanner and others,
1981a, 1981b, 1981c¢). The coals are closer to the
surface and are more commonly used as sources of
water in the northern sections (7G-7G’, TH-7TH’,
and 7I-71" in fig. 52), where sandstones are absent
or discontinuous, than in other parts of the basin.
Smith and Krothe (1983) found that many of the
coal seams have higher transmissivities and specific
capacities than the sandstones.

Recharge to bedrock aquifers occurs pri-
marily near outcrop areas or indirectly through thin
overlying unconsolidated deposits at a rate of a few
inches per year (R.J. Shedlock, U.S. Geological
Survey, written comm., 1982). The outcrop of the
Inglefield Sandstone Member near the eastern
boundary of the Lower Wabash River basin in
Vanderburgh and Gibson Counties (Cable and
Wolf, 1977, p. 16; Barnhart and Middleman, 1990,
p. 6) could be a conduit for recharge to some of the
coal seams (Banaszak, 1980). Ground water
discharges from the Pennsylvanian sandstones near
Vincennes by upward flow into the glacial outwash;
ground water in the outwash discharges to the
Wabash River and its tributaries (Shedlock, 1980).

Summary

The Lower Wabash River basin encompasses
1,339 mi? of Sullivan, Posey, Vigo, Greene, Knox,
Gibson, and Vanderburgh Counties in southwestern
Indiana. The basin includes all west-flowing
drainage into the Wabash River from Honey Creek
in Vigo County to the mouth of the Wabash River at
the Ohio River in Posey County, nearly 304 river
miles.

Four aquifer types were delineated in the
Lower Wabash River basin. The principal aquifer
in the basin is the thick sand and gravel deposits in
the Wabash River valley. Yields of as much as
2,700 gal/min have been obtained from this aquifer,
which is 150 ft thick in places. The aquifer
boundary generally follows the flood plain along the
river and was mapped as surficial sand and gravel in
the northern part of the basin and buried sand and
gravel in the southern part of the basin. Less pro-
ductive surficial aquifers are present in the valleys
of Busseron and Big Creeks, the major tributaries to
the Wabash River within the basin.

Secondary aquifers are present in the buried
sand and gravel deposits along minor tributary
valleys and within upland lake deposits. In the
uplands beyond the Wabash valley, sandstone
aquifers provide water for domestic purposes where
sand and gravel sources are absent. Thick sand-
stone aquifers are common in Posey and Gibson
Counties, but the presence of faults in this area
makes determination of the exact depth of the
aquifer difficult. In many other areas within the
interior of the basin, aquifers are limited to the
complexly interbedded layers of sandstone, shale,
limestone, and coal. Production is slight and
generally limited to areas of fractures and joints,
primarily in the sandstone and coal.

Discharge from surficial and buried sand and
gravel aquifers in the basin is typically toward the
Wabash River and its tributaries. Regional dis-
charge from the bedrock aquifers appears to be
upward to the Wabash River.
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Figure 54. Location of section lines and wells plotted in the White River basin.
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stream systems have eroded and dissected the entire
bedrock surface, removing large amounts of Paleo-
zoic rocks from the crest of the Cincinnati Arch and
creating deep bedrock valleys (fig. 7). Examples of
these valleys can be seen in most of the hydrogeo-
logic sections (fig. 58).

The Fortville Fault and the Mount Carmel
Fault, each about 50 mi long, transect the basin. The
Fortville Fault strikes north-northeast from Marion
County through Hancock and Madison Counties
(fig. 56). The southeastern block of the fault is
downthrown. The Mount Carmel Fault strikes north-
northwest from Washington County through
Lawrence and Monroe Counties (fig. 56). Only the
northernmost 10 mi of the Mount Carmel Fault 1s
within the basin.

Ordovician rocks of major lithostratigraphic
significance in the White River basin are part of the
Maquoketa Group. The Maquoketa Group is as
much as 80 percent shale that is interbedded with
limestone. The proportion of limestone increases
toward the east in the White River basin (Shaver and
others, 1986, p. 88).

Silurian rocks within the basin include the
Brassfield Limestone, the Cataract Formation, the
Salamonie Dolomite, and the Salina Group. The
Brassfield Limestone, which is less than 10 ft thick in
most places, interfingers with shales and dolostones
of the Cataract Formation (Shaver and others, 1986,
p. 20). The Salamonie Dolomite is a fairly pure
dolostone that is about 50 ft thick in the central part
of the State (Shaver and others, 1986, p. 180-132).
The Salina Group contains the Pleasant Mills
Formation and the Wabash Formation, both of which
are composed of limestone and dolostone interbedded
with shale members (Gray and others, 1987). Both
the carbonate rocks and the shales are of variable
thickness (Shaver and others, 1986, p. 114-116,
163-165).

Devonian bedrock consists primarily of dolo-
mitic carbonate rocks (Muscatatuck Group) or shale
(New Albany Shale). The Muscatatuck Group can be
as much as 250 ft thick, but it is probably no thicker
than 50 to 60 ft in the White River basin. The New

Albany Shale, which is Devonian and Mississippian
In age, is composed of dark carbonaceous shales
(Shaver and others, 1986, p. 101) and is 85 to 150 ft
thick within the White River basin.

Rocks of Mississippian age include the
Borden, Sanders, Blue River, West Baden, and
Stephensport Groups. The Borden Group ranges in
thickness from 485 to 800 ft and consists of the New
Providence Shale, the Spickert Knob Formation, and
the Edwardsville Formation. The New Providence
Shale, overlying the New Albany Shale, is composed
predominantly of shale. The Spickert Knob Forma-
tion grades upward from a silty shale to a massive
siltstone but includes some sandstone and limestone.
The Edwardsville Formation consists of siltstone,
sandy shale, and sandstone interbedded with minor
limestones (Shaver and others, 1986, p. 18-19).

The Sanders and Blue River Groups consist of
well-bedded and dense limestones that contain thin
shale beds. Where limestone crops out or is covered
by thin unconsolidated materials, it commonly is
highly karstic and contains numerous sinkholes and
caves. The thickness of the Blue River Group in
outcrop within the basin ranges from 150 to 240 ft; in
the subsurface, thickness may exceed 350 ft (Shaver
and others, 1986, p. 16-17). Thickness of the Sanders
Group is variable, ranging from 120 to 150 ft (Shaver
and others, 1986, p. 136).

The West Baden Group is a mixture of sand-
stones, siltstones, shales, and mudstones, interbedded
with thin limestone lenses; outcrop thickness is 100
to 140 ft and subsurface thickness is as much as
260 ft in Gibson County (Shaver and others, 1986,
p. 167). The Stephensport Group is composed of
equal parts of shales, sandstones, and limestones.
Because of the erosional unconformity between the
Mississippian and Pennsylvanian rocks, outcrops of
the Stephensport Group are generally less than 50 ft
thick and are absent in many places throughout the
White River basin (Gray and others, 1987). The
subsurface thickness of the Stephensport Group
ranges from 130 to 230 ft (Shaver and others, 1986,
p. 151).

Rocks of Pennsylvanian age within the White
River basin include the Raccoon Creek, Carbondale,
and McLeansboro Groups. These three groups are
dominated by shales, but sandstones, siltstones, lime-
stones, clays, and coal also are major components.
Within the Raccoon Creek Group are the Mansfield,
Brazil, and Staunton Formations. The Mansfield
Formation, which can be as much as 300 ft thick, is
mostly sandstone in the lower part of unit but con-
tains increasingly more shale upward in the unit
(Shaver and others, 1986, p. 87). The Brazil Forma-
tion is characterized by the lack of traceable beds; it
is composed primarily of shale, sandstone, underclay,
and coal, which have a combined thickness of 40 to
90 ft (Shaver and others, 1986, p. 21). The Staunton
Formation consists of 75 to 150 ft of sandstones,
shales, thin, areally limited coal beds, and minor
limestone lenses (Shaver and others, 1986, p. 149-
150). The Carbondale Group includes the Linton,
Petersburg, and Dugger Formation. The Linton
Formation consists of sandstones, shales, limestones
and coal; it is typically about 80 ft thick but ranges
from 60 to 162 ft in thickness (Shaver and others,
1986, p. 80). The Petersburg Formation consists of
40 to 120 ft of shale, fine-grained sandstone, and
coal, including the Springfield Coal Member (Coal
V) (Shaver and others, 1986, p. 112). The Dugger
Formation contains several coal members and beds of
limestone, shale, and clay, and ranges in thickness
from 73 to 185 ft (Shaver and others, 1986, p. 39).
The Shelburn, Patoka, and Bond Formations of the
McLeansboro Group are present in the far south-
western corner of the basin. The McLeansboro
Group 1s more than 90 percent shale and sandstone,
but has small amounts of siltstone, limestone, coal,
and clay (Shaver and others, 1986, p. 86). The West
Franklin Limestone, a thin but persistent marker bed,
is present within the Shelburn Formation (fig. 56).

Unconsolidated Deposits

Nearly all of the White River basin 1s covered
by unconsolidated deposits, most of which were
deposited by continental ice sheets. During the Pleis-
tocene, continental ice sheets consisting of numerous
lobes advanced into Indiana at least three times and

deposited glacial sediments (Wayne, 1966, p. 21).
These three glacial advances occurred during the
Wisconsinan, Illinoian and pre-Illinoian glacial
stages (in order from most to least recent). Thick-
nesses of deposits range from less than 25 ft in the
southern part of the basin to as much as 400 ft in the
northern part of the basin, although most of the
unconsolidated deposits in the basin are from 50 to
150 ft thick (fig. 57). Glacial sediments, including
outwash sand and gravel, from all three glacial stages
filled preglacial stream valleys and created buried
bedrock valleys (Bleuer, 1989). The location of these
buried bedrock valleys is shown in figure 7.

Exposures of pre-Illinoian deposits are rare in
the White River basin, and little information on the
nature and extent of these deposits is available.
During the Illinoian Age, ice covered as much as
80 percent of Indiana. Illinoian deposits are exposed
throughout the southern half of the basin. These
[llinoian deposits are predominantly loam tills that
are heavily dissected; few morainal systems have
been delineated. Pre-Illinoian and Illinoian glacial
sediments are included in the Jessup Formation
(Gray, 1989).

Overlying Illinoian and pre-Illinoian deposits
are Wisconsinan glacial materials. During Wiscon-
sinan glaciation, the Lake Michigan Lobe and Erie
Lobe covered the upper one-third of the White River
basin (fig. 8) and deposited extensive terminal and
recessional morainal systems. Only small segments
of these systems, the Union City and Crawfordsville
Moraines (figs. 3 and 55), are within the boundary of
the basin. The northern one-half of the basin 1s
covered by thick ground moraine, which is composed
of loamy tills interbedded with thin, discontinuous to
continuous layers of stratified sand and gravel.
Outwash that was transported south from the Wiscon-
sinan glaciers filled in many of the large stream
valleys beyond the glacial boundary, as well as
valleys within the Wisconsinan glacial limits. During
all of the glacial stages, the landscape was covered by
windblown deposits to some degree; these deposits
consisted chiefly of loess (windblown silt) and
localized dune sand.
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Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 56. Bedrock geology of the White River basin.
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Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 57. Thickness of unconsolidated deposits in the White River basin.
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Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 59. Extent of aquifer types in the White River basin.
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Table 10. Characteristics of aquifer types in the White River basin

[<, less than; locations of aquifer types shown in fig. 59]

Aquifer type Thickness Range of yield Common name(s)
(feet) (gatlons per
minute)
Surficial sand and gravel 5- 150 1.2:3100- 2,000 Outwash, alluvium, valley
train*>
Buried sand and gravel 5- 90 1.2.350- 300 Interbedded sand and gravel,
outwash plalin4’5
Discontinuous sand and gravel 5- 40 L2510- 200 Interbedded sand and gravel,
outlier™?
Carbonate bedrock
Mississippian 7150 L2420 Sanders and Blue River Groups®
Devonian 7150 1L2100- 600 Muscatatuck Group8
Silurian 150 12200- 600  Salamonie Dolomite, Brassfield
Limestone, Cataract Formation,
and Salina Group8
Upper weathered bedrock 150 120- 10 Borden Group and New Albany
Shale®
Complexly interbedded highly variable’ 125, 20 West Baden, Stephensport,
sandstone, shale, limestone, Raccoon Creek, and Carbondale
and coal Groups, and Patoka Formation®
Sandstone 20- 100 L2105 20 Raccoon Creek Group®

IBechert and Heckard, 1966.

2Clark, 1980.

Herring, 1971; 1974.

4Arihood and Lapham, 1982.

Barnhart and Middleman, 1990.
SWatkins and Jordan, 1961; 1962; 1963.

7Repor’[ed thickness is not total thickness of unit but thickness of unit considered permeable or water bearing.

8Shaver and others, 1986.

YWater is commonly found in thin beds within complexly interbedded sequence.

loThomas, 1980.

Complexly interbedded rocks of different
lithologies are used as aquifers in the southern one-
third of the basin, but yields from these aquifers are
generally low. The major water producers within the
complexly interbedded sequence are thin sandstones
but limestones and coals also can produce water.

Relatively continuous sandstone units, mostly
within the Pennsylvanian System, such as the
Mansfield Formation, are used as aquifers and are
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mapped as a separate aquifer type. Well yields from
sandstone aquifers are slightly higher than from the
complexly interbedded aquifers.

In the central part of the basin, the only source
of usable quantities of water is a weathered zone
within shale and siltstone. These rocks have suffi-
cient secondary permeability to serve as a source of
water, but only for small supplies. Well yields range
from O to 10 gal/min within this aquifer type.
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Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 60. Location of section lines and wells plotted in the East Fork White River basin.
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The Silurian and Devonian carbonate rocks are
overlain by the Devonian and Mississippian New
Albany Shale. This greenish-gray to black, fissile
shale crops out in a 5- to 20-mi-wide northwest-
trending band in the Scottsburg Lowland (east-central
part of the basin) (fig. 62). Eroded or not deposited
across the Cincinnati Arch, the New Albany Shale
ranges from 85 to 150 ft in thickness in the East Fork
White River basin. The shale is considered a con-
fining unit, greatly restricting the connection between
surface water and ground water in the underlying
carbonate bedrock aquifer.

Rocks of Mississippian age include the
Rockford Limestone and the Borden, Sanders, Blue
River, West Baden, and Stephensport Groups (fig. 5).
The Rockford Limestone, averaging 3 ft in thickness,
is a widespread marker bed that separates the New
Albany Shale from the overlying Borden Group. The
Borden Group is a thick (500 to 800 ft) unit with a
north-northwest trending outcrop area of almost
1,000 mi? in the central part of the basin (fig. 62).
The Borden Group is composed of siltstone and shale
interbedded with some sandstone and minor lime-
stone; the lower 200 ft is primarily shale (Shaver and
others, 1986, p. 17-18). The Borden Group underlies
the Norman Upland and crops out along the eastern
edge of the Knobstone Escarpment.

Cropping out to the west and overlying the
Borden Group are the Sanders and Blue River
Groups (fig. 62). Both groups are primarily carbon-
ate rocks that contain minor amounts of chert, shale,
siltstone, anhydrite, gypsum, and calcareous sand-
stone (Shaver and others, 1986, p. 16 and 137).
These Mississippian carbonate rocks range in
thickness from about 350 ft in Monroe County to
550 ft in Orange County. In some areas, the thick-
bedded carbonate rocks are quarried for fine building
stone. Other horizons contain geodes, joints, and
solution features that make them unsuitable for
quarrying. Underlying the Mitchell Plain, the
Sanders and Blue River Groups have well-developed
karst solution features (sinkholes and caves) through-
out much of their outcrop area.

The youngest Mississippian rocks in the basin
are the West Baden and Stephensport Groups. Both
groups are composed of shale, sandstone, and lime-
stone; however, the West Baden Group is dominated
by shale and sandstone. The West Baden Group is
100 to 120 ft thick in the East Fork White River
basin, and the Stephensport Group is 130 to 150 ft
thick (Gray and others, 1985). The West Baden and
Stephensport Groups underlie the eastern half of the
Crawford Upland. An erosional surface with as
much as 150 ft of local relief (Shaver and others,
1986, p. 86) marks the Mississippian-Pennsylvanian
boundary.

Pennsylvanian rocks above the erosional
surface include the Raccoon Creek Group and the
Carbondale Group. They are found in a small area in
the far southwestern corner of the basin (fig. 62). The
Raccoon Creek Group is 150 to 500 ft thick and is
05 percent shale and sandstone, the remainder con-
sisting of clay, coal, and limestone (Shaver and
others, 1986, p. 120-121). Shale is more common
than sandstone in the Raccoon Creek Group, even
though a 50- to 185-ft-thick sandstone, the Mansfield
Formation, is at the base (Shaver and others, 1986,
p. 87 and 121). The youngest rocks in the basin are
in the Carbondale Group. The group is composed
mostly of shale and sandstone, but it contains some
thin, but laterally extensive, limestone beds and
economically important coal beds (Shaver and others,
1986, p. 27). The Carbondale Group is typically less
than 300 ft thick in the basin.

The geologic record from the end of the Penn-
sylvanian Period to the Quaternary Period is missing.
This hiatus could represent either a nondepositional
period or sediments that were deposited and later
eroded. At the beginning of the Quaternary period,
preglacial rivers draining the eastern half of the East
Fork White River basin flowed southwest down the
bedrock slope and into the lowland developed on the
New Albany Shale (Scottsburg Lowland). These
preglacial rivers drained into one river, which flowed
south along the lowland. Near Seymour, this prede-
cessor of the East Fork White River turned west
through a low gap in the escarpment separating the
Scottsburg Lowland from the Norman Upland. The

main difference between preglacial and postglacial
drainage in the eastern half of the basin, is the thick
deposits of glacial drift now filling the Scottsburg
Lowland. Most of the western half of the basin 1s
unglaciated, and the present-day drainages are similar
to those of preglacial time except for raised channel
levels caused by the additton of valley fill.

The bedrock surface in the far northeastern part
of the basin, in Henry County and northern Rush
County, indicates a north-flowing preglacial stream.
This buried bedrock valley is part of the Lafayette
Bedrock Valley System (fig. 7). Hydrogeologic
sections 9F-9F and 9J-9J’ (fig. 64) show relief on
the buried bedrock surface exceeding 300 ft in north-
eastern Henry County.

Unconsolidated Deposits

More than two-thirds of the East Fork White
River basin was glaciated during the Pleistocene
Period. Pre-Wisconsinan glaciers covered the north-
eastern two-thirds and the extreme downstream end
of the basin (fig. 61). Wisconsinan ice overrode the
earlier glacial deposits in the northeastern one-third
of the basin. Three general areas characterized by
different types of surficial deposits are (1) the ungla-
ciated part of the basin, (2) the glaciated area south of
the Wisconsinan glacial boundary, and (3) the glaci-
ated area north of the Wisconsinan glacial boundary

(fig. 61).

The unglaciated part of the basin 1s in the
western one-third but excludes the far downstream
end. Unconsolidated deposits in the unglaciated area
are mostly soils that have developed on the under-
lying bedrock. Exposed bedrock types include silt-
stone, shale, carbonate rock, and sandstone. Residual
reddish-brown soils developed on the carbonate
rocks can be as thick as 50 ft (Gray, 1989). Most of
the area however, is covered by thin deposits of soils
and loess that are generally from 5 to 20 ft thick
(fig. 63). Exceptions to this are the valley-train
outwash deposits along the East Fork White River
and Salt Creek where thicknesses of silt, sand, and
alluvium can be as much as 100 ft. (See hydrogeo-
logic section 9B-9B’, fig. 64.)

The central one-third of the basin and the far
western part were glaciated only by pre-Wisconsinan
glaciers (fig. 61). The pre-Wisconsinan glaciated
area is mantled by a complex mix of deposits.
Streams have exposed bedrock in many places
throughout the pre-Wisconsinan part of the East Fork
White River basin (Gray, 1989). Drift overlying the
bedrock throughout much of the area is a deeply
weathered loam to sandy-loam till of the Jessup
Formation, the oldest Pleistocene unit recognized in
Indiana (Schneider and Gray, 1966, p. 23). Com-
prised of two till members of pre-Wisconsinan age,
the Jessup Formation is typically only a few tens of
feet thick and rests directly on bedrock (Schneider
and Gray, 1966, p. 23). Overlying bedrock and older
till in some areas is a poorly stratified combination of
weathered bedrock, sand, silt, and loess that has
accumulated by mass wasting, stream deposition, and
windblown deposition (Gray, 1989).

In general, the unconsolidated deposits in the
central one-third of the basin are less than 50 ft thick
(fig. 63). Exceptions can be found along the East
Fork White River and part of the Muscatatuck River,
where thicknesses range from 50 to more than 100 ft.
The East Fork White River flows in a 3-mi-wide
glacial drainageway. This drainageway was filled
when outwash from Wisconsinan and pre-Wiscon-
sinan glaciers was deposited in the river valley.
Recent alluvial deposits of silt, sand, and gravel
overlie the outwash sand and gravel. Sand dunes and
blanket sand deposits are present along the eastern
side of the East Fork White River channel in Bartho-
lomew and Jackson Counties.

The northern one-third of the basin was ini-
tially glaciated by pre-Wisconsinan glaciers that
deposited thick tills and some outwash of the Jessup
Formation. During the Wisconsinan Age, loam till of
the Trafalgar Formation was deposited in the basin.
The Wisconsinan tills were deposited by the Huron-
Erie ice lobe (fig. 8), which advanced out of the Lake
Huron and Lake Erie basins to the northeast. During
the Wisconsinan Age, ice advanced and retreated
from the basin on several occasions, forming
moraines. The Shelbyville Moraine forms part of the
eastern boundary of the basin (fig. 61) and represents

East Fork White River Basin 139



-- -
’

g
3

-~
/

Base from U.S. Geological Survey

State Base Map, 1:500,000, 1974

Figure 62. Bedrock geology of the East Fork White River basin.
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Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 63. Thickness of unconsolidated deposits in the East Fork White River basin.
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Figure 64. Hydrogeologic sections 9A-9A" to 9/-9J ” of the East Fork White River basin—Continued.

Several buried bedrock valleys in the north-
eastern part of the basin contain buried sand and gravel
aquifers. Located in northeastern Rush County and
southern Henry County (fig. 63), these buried valleys
can be seen in hydrogeologic sections 9F-9F” and
0J-9) (fig. 64). Nearly 500 ft of drift overlies the
deepest parts of these valleys. Generally, adequate
supplies of ground water can be found in the buried
sands and gravels within the upper half of the valley fill.
The lower half is predominately nonaquifer material.
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Discontinuous Sand and Gravel Aquifers

Small, discontinuous lenses of sand and
gravel, either buried in general stratigraphic horizons
or forming a basal deposit on the bedrock surface
form discontinuous sand and gravel aquifers. In the
East Fork White River basin, the area underlain by
discontinuous sand and gravel aquifers is generally
south of the more continuous buried sand and gravel
aquifers (fig. 65). The discontinuous sand and
gravel aquifers in Rush County and parts of Henry,

o+ 0O

S 10

Marion, and Johnson Counties are typically present
in multiple layers. South of southern Shelby County,
unconsolidated deposits thin, and a discontinuous
basal sand is generally the only unconsolidated
aquifer present. Some discontinuous sand deposits
can be found along the Muscatatuck River and its
tributaries. These sand deposits are generally very
fine grained and can pass through well screens.
Another area of discontinuous sand and gravel is
within a buried valley south of the East Fork White

KILOMETERS

DATUM IS SEA LEVEL
VERTICAL SCALE GREATLY EXAGGERATED

River in Pike and Dubois Counties (southern end of
section 9A-9A’, fig. 64). This buried valley is more
than 150 ft deep. In preglacial times, the valley
drained an arca now partially drained by the Patoka
River. Although discontinuous sand and gravel
aquifers can not supply large volumes of water, they
can be an important resource where they are the only
source. In the northern part of the basin, domestic
yields are generally available, and yields as high as a
100 gal/min are reported.
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I T2 N. T.13 N. T.14 N, T.15 N. T.16 N.

NORTH
| | enlarged fractures in the bedrock that transport ground
1t i 9 E ; water. These features are mappable through the 30 to
s:é N e g:f 50 ft of till, which is common in this area. The inter-
' %iﬁ & g = B e FEET section of two lineaments increases the chances that a
85% S W 3 S’ E‘:: -1,000 well will produce sufficient water for domestic use
gL e 2y g S 5 g t g (Greeman, 1981 and 1983).
=~ T ~ Q ¥
S ?;3 E §§ § E B = ; 2 1900 The western boundary of the Silurian-Devonian
x o3 oF & o carbonate bedrock aquifer (near hydrogeologic section
2 i g t o T Ll S50 9D-9D’) was arbitrarily drawn where the top of the
W = s L= ? ? aquifer dips to more than 300 ft below the land sur-
> o S face. This boundary does not necessarily reflect the
¢ v D fme-700 full extent of the aquifer as a water resource, but is a

- 0y e 3 W 5 6B general boundary where the aquifer is not easily acces-
L3 ’ < = < sible because of depth. Several wells tap the aquifer at

depths greater than 300 ft where there is no adequate

= supply of ground water above it. Shown in hydrogeo-

LA 500 logic section 9D-9D’ (fig. 64) are seven wells that

: penetrate 300 to 450 ft of rock above the aquifer.

Reported pump rates from these seven wells range

TARY from 2 to 150 gal/min; all but one well yields greater
than 5 gal/min. Within the boundary of the mapped
300 Silurian-Devonian carbonate bedrock aquifer, reported
pump rates rarely exceed 100 gal/min and are typically
DATUM IS SEA LEVEL 5 to 25 gal/min.
TSN, T.16 N. TA7 N, . T.18 N, VERTICAL SCALE GREATLY EXAGGERATED
B Recharge to the Silurian-Devonian aquifer is
= g;f Bk ; o principally from infiltration of precipitation, although
s ot e PRI RS IS S e e ; MILES some recharge from streams occurs when ground-
" . 5L & = v 9F"' 0 5 10 KILOMETERS water levels are lower than stream levels. An example
N = & 313 g :f 3 33 % of this downward 1nf}ltration can be seen in hydrogeo-
; S 3 ; = ik mt § §L§ S ':Efg 0 The area in the extreme southeastern part of the logic s'ecuon 9D-5D, T, 12 N. (fig, 64), where water
= e ¥ Z2f¥ B Sy : basin (Ripley County and eastern Decatur, Jennings, teyeinmis ek mr oo mute lupy T -
o 5 & i &2 € i X lower than water levels in the unconsolidated deposits.
< g o L0 =k @ and Jefferson Counties) is mapped as “carbonate Thi ; o arte divics. e il
o = & 1,000 bedrock aquifer—potential unknown” because man RO E T I R e s o
7 . * ey ad ; y downward gradients are expected.
= drilled holes in the area are dry (fig. 65). This area is
=) 4 900 underlain by the lower carbonate bedrock aquifer Some ground water in the East Fork White
o e sequence, which includes the Salamonie Dolomite and  River basin discharges to rivers that are not in this
. Brassfield Limestone (Greeman, 1981, p. 10). These  basin because the surface-water divide is not the same
- . [800 rocks are unproductive aquifers because of a siliceous as the ground-water divide. Along the northwestern
= cap on the Salamonie Dolomite that is resistant to side of the basin, ground water flows northwest under
1 200 erosion and solution activity (Greeman, 1981, p. 10- the basin divide and discharges toward White River
' 11). Some drillers in the area locate ground-water and Fall Creek (fig. 54). These two rivers in the White
,‘ drilling sites on lineaments and fracture traces that River basin are entrenched deeper than any of the
600 have been mapped from aerial photographs. Mapped rivers in the northern part of the East Fork White River
lineaments and fracture traces indicate solution- basin and, therefore, are able to divert ground water

East Fork White River Basin 149



R.6 E.

RSE.

4 E.

R

I B

AINNGD SININNIC

AINNOJ NOSHIWM
HJLIQ 3342 NOLINW

NOILJ3S
M3I3H0 ayvi1iva

//, __w,, \4 1
SONINAS ¥v3T10 L1 U

AR,
L

..,, // » ,_.»/
* // \

RZE.

R.YE.

R.1w.

R.2 W.

R.3W.

G

WEST

2

A ——

/// ’ w MJ.A\ 5

ITUANOLTIH \_ 4~

RN,
A

————

AINNOJ 3JON3yMUT

TLINM0D INaZwg I NVIANT

__g6-86
NOILJ3S
— — — - 7
- O o o o o
ue o o o o
w o » [00] ™~ ]

CONNECTS WITH 8G-8G"

W

o
(2

R.9 E.

R.8 E.

R:7 E.

R.6 E.

R.5E.

E:

R.4

EAST

IANIVYON
FTUAALGTIIHS

\}
HIAIH HIO0YIV 13 .u

_AINOD¥N16J30

AINNOJ A8T3HS

NOILJ3S

AINNOJ A8T3HS

nvd "1S =g

L :o

WEST

9
FEE
1,10

"XINNOJ NOSNHOM

CONNECTS WITH 10C~10C’

i

.\.Mlﬂ A\ G

S
L

— e T

/ L U

LR CRBA
YA
\ \

M3IFHI SIM3IT SLF

N wy

H211a NOSAWOHL

HOLIg HSIYHVd

S 4

A3IFHI HSY1
[

1

* \
s \)
M3IFHD ¥voNs Yk [}

A

g v
w,ﬂmgwn_

Ao
[

i L

A3IIFHI SONNOA

-

|
ALY
X

AL

wn
(|
-
=>
(]
L
< B
o
w
3
= |
o 2
u o
< B
w
D i
25
ME
UL 5].
E <
ey
0 @
= |
<
o
-
o
w
>

KILOMETERS

|

10

Figure 64. Hydrogeologic sections 9A—-9A
to 9/-9J of the East Fork White River

basin—Continued.

150 Hydrogeologic Atlas of Aquifers In Indiana



& E. R.8 E. R.9E. | R.10 E.

EAST
JEFFERgg gUPNR Dovmc across the basin boundary. An example of ground these complex deposits are composed of sandstone,
: 9 G ’ water crossing the basin boundary can be seen on shale, limestone, and coal. They are found in a
=z ' . . .
| 2 hydrogeologic section 91-9I" (fig. 64), where bedrock 500-mi? area at the southwestern end of the basin
z nf water-level elevations decline westward and are (fig. 65), and they are shown in hydrogeologic sec-
=z . .
@E HE Gl :-Ec%o below most of the local streams. Ground water in the  tions 9A-9A" and 9B-9B’ (fig. 64).
= al8 d carbonate bedrock aquifer flows toward the White , . .
S < 215 S River, about [1 mi west of the transect shown in this ~ The complex material shown in hydrogeologic
< L §|S & 4900 figure. In hydrogeologic section 9E-9E’ (fig. 64), section 9A-9A’ (fig. 64) is Pennsylvanian bedrock
g - ground water in the carbonate bedrock aquifer flows and consists of the Raccoon Creek Group and the
3 " 3 = - north out of the basin toward Fall Creek and the White ~ loWwer part of the Carbondale Group (Lloyd Furer,
. - B & = River. Regional flow from this aquifer may discharge ~ ndiana Geological Survey, written commun., 1990).
« X w G g q y g : :
g 9 S 7 into the Maumee River (fig. 1) (Greeman, 1991). The complex Pennsylvanian bedrock is composed
B, 1700 primarily of shale and sandy shale that contains
by 2 | numerous coal beds and minor sandstone and lime-
= & . CORRmEY 'mer':“;dgg:a::::f‘;::’ s stone beds. The complex bedrock in hydrogeologic
% ‘ 600 section 9A-9A’ is shown as “aquifer—potential
. Aquifers within the com‘plexly interbedded unknown.” Although most wells are completed in
| e Mississippian and Pennsylvanian rocks are not sandstone, the complex material is water bearing only
mapped as individual lithologies because of the in places. Mississippian rocks are less than 100 ft
complex and discontinuous nature of the deposits. below the bottom of the hydrogeologic section
: P P ydrogeolog
- 400 Deposited in marine and nonmarine environments, 9A-9A’ (fig. 64).
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Table 11. Characteristics of aquifer types in the East Fork White River basin
[>. greater than; <, less than: locations of aquifer types shown in fig. 65]

T -

EXPLANATION

SURFICIAL SAND AND GRAVEL
AQUIFER

BURIED SAND AND GRAVEL
AQUIFER

DISCONTINUQUS SAND AND
GRAVEL AQUIFER=~ Generally
thin lenses of buried sand
and gravel

CARBONATE BEDROCK
AQUIFER- - Pattern dashed
where patential unknawn

SANDSTONE AQUIFER

UPPER WEATHERED-BEDROCK
AQUIFER- - Pattern dashed
where potential unknown

COMPLEXLY INTERBEDDED
SANDSTONE, SHALE,
LIMESTONE, AND COAL
AQUIFER- - Potential unknown

WATER-MANAGEMENT-BASIN
BOUNDARY

NOTE: This map is designed for regional
evaluations and shauld not be the
basis far evaluation of specific sites

Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)
Surficial sand and gravel 10- 100 1.2:310->1,000 Outwash, alluvium, valley train>*
Buried sand and gravel 10- 50 L210- 200
Discontinuous sand and gravel 5- 50 <20
Carbonate bedrock
Thin Mississippian limestone 5- 30 <15 Glen Dean, Haney, and Beech
Creek Limestones®
Thick Mississippian carbonate 350-550 I- 50  Blue River and Sanders Groups®
Upper Devonian and 100- 225 5- 50  Muscatatuck Group, Wabash
Silurian sequence Formation, and Louisville
Limestone’
Lower Silurian sequence 50- 60 0- 25 Salamonie Dolomite and
Brassfield Limestone’
Complexly interbedded highly variable® <15 Carbondale, Raccoon Creek,
sandstone, shale, limestone, Stephensport, and West Baden
and coal Groups®
Sandstone 10- 150 1- 50 Mansfield and Big Clifty
Formations®
Upper weathered bedrock <150 0- “ Borden Group and New Albany

Shale®

'Bechert and Heckard, 1966.
2Clark, 1980.

3Nyman and Pettijohn, 1971.
4Watkins and Heisel, 1970.
SShaver and others, 1986.

®Water commonly found in thin beds within complexly interbedded unit.
"Thickness represents that which is considered permeable, not the thickness of the rock groups or formations.
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The complexly interbedded material in
hydrogeologic section 9B-9B’ (fig. 64) is
primarily Mississippian sandstone, shale, and
limestone. The thin Beech Creek Limestone
(labeled on hydrogeologic section 9B-9B’, fig. 64)
overlies the West Baden Group and is the lowest
member of the Stephensport Group. Most of the
complexly interbedded Mississippian bedrock is
shown as aquifer in hydrogeologic section 9B-9B’
(fig. 64). Numerous wells are completed in the
complexly interbedded Mississippian bedrock, and
they produce adequate supplies of water for
domestic needs.

The entire sequence of complexly inter-
bedded Mississippian and Pennsylvanian bedrock
is mapped as “aquifer—potential unknown” on the
aquifer map (fig. 65). Even though the complexly
interbedded Mississippian and Pennsylvanian bed-
rock may be the primary aquifer for many house-
holds, the location of productive zones cannot be
mapped regionally. Because of low yields, the
complexly interbedded bedrock aquifer is used
only where other source aquifers are unavailable.

Most wells in the southwestern part of the
basin are open (uncased) below the unconsolidated
cover. Because many of the wells are more than
300 ft deep, it is difficult to determine which rock
units supply ground water to the well. Where
sandstones, limestones, or coal are mapped, they
usually provide most of the water. Many of the
wells, however, produce water from several low-
productivity units rather than from one primary
aquifer. The complexly interbedded bedrock, by
itself, can provide domestic supplies of water (as
much as 15 gal/min), but yields are variable.

Ground-water flow in the complexly inter-
bedded bedrock is probably through thin lime-
stone, coal, and sandstone beds. Ground water
within these aquifers is confined by nearly imper-
meable shales that are common in the complex
material. Deep circulation of ground water is
limited in the complexly interbedded bedrock. In
many places, ground water i1s saline at depths of
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400 to 500 ft below the land surface. For example,
in hydrogeologic section 9A-9A” (fig. 64), the
northernmost well produced saline water at about
400 ft below the land surface. Other well logs
indicate that the drillers discontinued drilling to
avoid encountering saline water and losing small
but usable yields.

Sandstone Aquifers

Sandstones are commonly used as aquifers in
the southwestern quarter of the East Fork White
River basin (fig. 65). All of the sandstone aquifers
are within the complexly interbedded bedrock.
Formed as blanket sands, channel-fill deposits, and
isolated lenses, these sandstone aquifers are 25 to
150 ft thick. Several sandstone units are used as
aquifers. Sandstone aquifers are more common in
the Pennsylvanian rocks (hydrogeologic section
9A-9A’, fig. 64) than in the Mississippian rocks
(hydrogeologic section 9B-9B’, fig. 64). Most
sandstone aquifers are within 300 ft of the land
surface.

More than half of the wells in hydrogeologic
sections 9A-9A” and 9B-9B’ (fig. 64) penetrate
sandstone aquifers. The sandstones shown in
hydrogeologic section 9A-9A” (fig. 64) are all
from the Pennsylvanian Raccoon Creek Group;
this group includes the Mansfield, Brazil, and
Staunton Formations. Most of the sandstone in
hydrogeologic section 9B-9B’ (fig. 64) is from the
Mississippian Big Clifty Formation. A member of
the Stephensport Group, the Big Clifty Formation
contains a sandstone that ranges from 25 to 40 ft in
thickness.

Yields from sandstone aquifers generally
range from 1 to 50 gal/min. Average yields are
higher in the Pennsylvanian sandstones than in the
Mississippian sandstones (Wangsness and others,
1981, p. 34). For example, half of the wells in the
Pennsylvanian sandstones in hydrogeologic sec-
tion 9A-9A’ (fig. 64) yield greater than 10 gal/min,
whereas most of the wells in the Mississippian
sandstones in hydrogeologic section 9B-9B’

(fig. 64) yield less than 10 gal/min. Recharge to
the sandstone aquifers is from infiltration of
precipitation into the sandstones where they crop
out, or by flow of ground water into the sandstones
from another permeable unit. Recharge i1s limited
where confining units within the sandstone restrict
recharge.

Upper Weathered-Bedrock Aquifer

Although not a desirable source, an upper
weathered zone in siltstone and shale is used as an
aquifer in the central part of the East Fork White
River basin. This aquifer is at, or near, the bedrock
surface, where a weathered zone of siltstone and
shale bedrock is present. The siltstone-shale
bedrock consists of the Borden Group and the New
Albany Shale. The upper weathered-bedrock aqui-
fer can be seen on the following hydrogeologic
sections: the northern half of section 9C-9C’;
most of section 9D-9D’; the extreme southern part
of section 9E-9E’; the central one-third of section
9G-9G’; and the far western part of section
9H-9H’ (fig. 64).

The upper weathered-bedrock aquifer is an
unproductive source of water in the southern part
of the East Fork White River basin but becomes
more productive further north. On the aquifer map
(fig. 65), only the far northeastern part of the upper
weathered bedrock was mapped as aquifer. This
area corresponds to thicker drift. Yields from this
northeastern area can be as large as 10 gal/min, but
dry holes occur. South of this area, the upper
weathered bedrock was mapped as “aquifer—
potential unknown” (fig. 65), rather than as non-
aquifer, because the weathered siltstone-shale is
the only source of ground water available in
approximately 1,000 mi? of the basin. Reported
pumpage rates in this area are generally less than
1 gal/min and rarely exceed 5 gal/min. Only the
upper 50 to 150 ft of the siltstone and shale bed-
rock is considered to be potentially water bearing.

Summary

The East Fork White River basin, located in
south-central Indiana, has an area of 5,746 miZ and
includes the cities of Bedford, Bloomington,
Columbus, Franklin, Greenfield, Greensburg,
Loogootee, New Castle, North Vernon, Rushville,
Seymour, and Shelbyville. Seven different types of
aquifers were mapped in the basin: (1) surficial
sand and gravel; (2) buried sand and gravel; (3)
discontinuous sand and gravel; (4) carbonate rocks;
(5) complexly interbedded sandstone, shale, lime-
stone, and coal; (6) sandstone; and (7) an upper
weathered zone 1n siltstone and shale.

The principal unconsolidated aquifers in the
basin are the surficial and buried sand and gravel
deposits located primarily within glacial drift in the
northern one-third of the basin and in outwash
deposits along some of the major rivers. Where
these aquifers are present, they are generally the
primary aquifers for their respective areas. Yields
of wells that tap these aquifers are adequate for
most uses and can exceed 1,000 gal/min. Discon-
tinuous sand and gravel lenses are found primarily
in the northern part of the basin where Wisconsinan
glacial deposits are thin (less than 100 ft) and are
locally an important source of water.

The principal bedrock aquifers in the basin
are carbonate bedrock aquifers, which underlie
about two-thirds of the basin. Yields of wells that
tap these aquifers typically range from 1 to
25 gal/min but can exceed 100 gal/min. The
carbonate rocks along the southeastern edge of the
basin yield only small amounts of water, and dry
holes are common. The southwestern part of the
basin contains sandstone aquifers and complexly
interbedded sandstone, shale, limestone, and coal
aquifers. These aquifers are important, because
they are the only aquifers in the area. The smallest
yields in this basin are from wells that tap an upper
weathered zone in siltstone and shale, which
underlies about 1,000 mi® in the central part of the
basin. Well yields in this area are generally less
than 5 gal/min, and dry holes are common.
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Figure 67. Physiographic units, moraines, and extent of glaciation in the Whitewater River basin.

The first and southernmost advance of the Erie
Lobe (fig. 8) is marked by the segmented terminal
Shelbyville Moraine (Wayne, 1965, p. 12). The
Crawfordsville Moraine is a segmented recessional
moraine marked by many kames and a large outwash
plain (Wayne, 1965, p. 11). A segmented moraine
deposited after the Crawfordsville Moraine (formerly
called the Knightstown Moraine), covers most of the
northern part of the basin and merges with the contin-
uation of the Farmersville and Camden Moraines of
Ohio (Wayne, 1965, p. 12). The boundary between
the Tipton Till Plain and the Dearborn Upland is a
broad arbitrary transitional zone where the glacial till
is too thin to obscure the bedrock-surface relief of the
Dearborn Upland (Schneider, 1966, p. 49).
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The Dearborn Upland is a highly dissected
bedrock plateau of rugged relief that is underlain by
nearly flat-lying limestones and shales of Silurian
and Ordovician age (Schneider, 1966, p. 42). The top
of the plateau is covered by a cap of glacial till 15 to
50 ft thick (Schneider, 1966, p. 43). Large volumes
of water from rapid ice melts have eroded deep
valleys in this plateau, producing the major tributary
valleys of the East and West Forks of the Whitewater
River. These valleys have functioned as sluiceways
for glacial meltwaters and extensive valley trains
have developed within their courses. The valley-train
deposits form a series of five to six outwash terraces
that stand well above the present flood plains
(Gooding, 1957, p. 1).
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The Kope Formation is a 300- to 400-ft-thick
sequence, 95 percent of which consists of bluish- to
brownish-gray shale (Shaver and others, 1986, p. 72).
Exposed along the entrenched valleys of the lower
reaches of the Whitewater River, this shale contains a
thick basal dark-brown to nearly black shale. The
upper contact between the Kope and the Dillsboro
Formations is transitional; it 1s marked by a compara-
tively sharp upward increase in the proportion of lime-
stone (Gray, 1972, p. 14).

In the Whitewater River basin, the Dillsboro
Formation is an approximately 400-ft-thick sequence
of shale with interbedded limestone (Shaver and
others, 1986, p. 37). The Dillsboro is conformably
overlain by the Whitewater Formation, which is a
bluish-gray rubbly limestone interbedded with cal-
careous shale (Shaver and others, 1986, p. 168). The
Whitewater Formation is disconformably overlain by
the Silurian Brassfield Limestone.

Laferriere and others (1986, p. 1) noted that the
disconformity between the Whitewater Formation and
the Brassfield Limestone contains evidence of a com-
plex erosional and depositional history. The discon-
formity is clearly defined by an abrupt vertical litho-
logic change (Laferriere and others, 1986, p. 4).

The Silurian Brassfield Limestone generally is a
medium- to coarse-grained fossiliferous limestone that
contains small amounts of shale and fine-grained dolo-
mite (Shaver and others, 1986, p. 20). The Salamonie
Dolomite, which unconformably overlies the Brass-
field Limestone, is an impure dolomite that includes
finer-grained clayey limestone, dolomitic limestone,
and shale. Along the eroded edges of the unit in
southeastern Indiana, the thickness ranges from O to
60 ft.

Unconsolidated Deposits

The Whitewater River basin is divided into
three distinct areas of surficial unconsolidated deposits
(Gray, 1989). The Jessup Formation of pre- Wiscon-
sinan age is present in the southern one-third of the
basin and is from an eastern source. The Trafalgar
Formation of Wisconsinan age was deposited during
several events by glaciers from a northeastern source
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and covers the central and northern parts of the basin.
Buried pre-Wisconsin till is found beneath the
Trafalgar Formation within the basin. Ice from two
advances separated by a brief retreat deposited this
pre-Wisconsinan till sequence (Gooding, 1966).

Pre-Wisconsinan loam to sandy-loam tills of the
Jessup Formation are present in the southern part of
the basin (Gray, 1989). Classically this formation has
been referred to as the Illinoian drift. Gooding (1963)
describes the drift in this area as consisting of cal-
careous oxidized till; noncalcareous, cherty, grayish-
brown till; and calcareous sand and gravel. Minor
deposits of outwash and alluvium are present within
this area. The upland areas are capped by a silt com-
plex composed of poorly stratified and poorly sorted
sand and silt. These sediments are composed of
weathering products and windblown silt (loess) (Gray,
1989).

The Trafalgar Formation in the central part of
the basin is underlain by loam till and covered by a
surficial layer of loess that ranges in thickness from 20
to 40 in. (Gray, 1989). The Wisconsinan glacial
boundary and the Shelbyville Moraine (fig. 67) mark
the southern edge of this unconsolidated material.
Gooding (1975) described unnamed till units in the
area as consisting of calcareous, brown to yellow-
brown oxidized till along vertical joints, and gray
unoxidized till. These units also contain some discon-
tinuous and thin buff-colored calcareous sands and
gravels. Extensive outwash material lies along the
Whitewater River valley. Alluvium underlies the
modern flood plain of the Whitewater River.

The northern one-third of the basin contains a
thick sequence of older tills separated by buried soils
and covered by Wisconsinan tills of the Trafalgar
Formation (Gray, 1989). The northernmost part, an
area of morainal topography, includes layers of abla-
tion till, and dead-ice landforms. Within the head-
water valleys of the Whitewater River and its major
tributaries are linear, complex sequences of mixed
drift, till, and stratified drift that appear to be collapse
features. Further southward along the Whitewater
River valley are a series of terraces composed of
valley-train outwash (Gruver, 1984, p. 10). The

outwash material contains large volumes of commer-
cially extractable sand and gravel. The flood plain
along the Whitewater River consists of Holocene
alluvium of silt, sand, and gravel. The Crawfordsville
Moraine marks the southernmost part of the northern
region (fig. 67).

Within the northern part of the basin (western
Wayne County and eastern Henry County) is a buried
bedrock valley (fig. 7) that Bleuer (1989, p. 3) refers to
as the New Castle Valley section of the Lafayette
Bedrock Valley (formerly called the Teays Valley).
This major preglacial drainageway originally flowed
northwest, but it was blocked by ice and filled with
glacial till. The valley is filled in places with more
than 400 ft of unconsolidated deposits (fig. 68) con-
sisting of clay interbedded with smaller amounts of
sand and gravel. The valley is shown in Rs. 12 and
13 E. of section 10E~10F/, fig. 70).

Aquifer Types

Six hydrogeologic sections (10A-10A" to
10F-10F’, fig. 70) were produced for this atlas to
show the hydrostratigraphy of the Whitewater River
basin. Hydrogeologic section 10A—-10A" bisects the
basin and is oriented south to north (except for a 3 mi
segment in the middle of the section that is oriented
east-west and is also part of section 10B—10B’). The
southern part of section 10A—10A” crosses the lower
reaches of the Whitewater River and roughly parallels
the east side of the Brookville Reservoir, whereas the
northern part of the section crosses Nolands Fork and
Greens Fork. The remaining hydrogeologic sections
(10B-10B’ to 10F-10F") are oriented west to east and
are approximately perpendicular to the surficial drain-
age of the basin (fig. 66). The west-east sections are
spaced at intervals of approximately 8 to 12 mi. The
average density of the 226 logged wells plotted along
the hydrogeologic sections is 1.2 wells per mile.

Both the unconsolidated and bedrock deposits
in the Whitewater River basin contain aquifers. The
unconsolidated aquifers are composed of outwash in
valley trains, intertill lenses of sand and gravel, and
recently deposited alluvium. The bedrock aquifers are

in the Silurian carbonate rocks and in an upper
weathered zone in the Ordovician shale and limestone.
Five aquifer types are mapped in the Whitewater River
basin (fig. 71) and are summarized in table 12. The
table includes information on the thickness, range of
yields, and common aquifer names used by other
authors.

Unconsolidated Aquifers

The unconsolidated aquifers, which contain the
largest supply of ground water in the basin, consist of
complexly interbedded glacial deposits. For simplic-
ity, these sand and gravel aquifers are subdivided into
three distinct aquifer types (fig. 71): discontinuous
zones of sand and gravel, buried sand and gravel, and
surficial sand and gravel.

Numerous layers of discontinuous sand and
gravel aquifers underlie the northern two-thirds of the
basin (fig. 71). Sand and gravel layers range from 2 to
50 ft in thickness and are not arecally extensive.
Hydrogeologic sections 10A—10A” and 10D-10D to
10F-10F’ (fig. 70) show this type of aquifer material.
Wells in areas of discontinuous sand and gravel are
typically drilled and screened in the first significant
water-bearing zone; however, some wells tap multiple
Zones.

An area with buried sand and gravel aquifers
(fig. 71) that range in thickness from 2 to 50 feet is in
the northwestern part of the basin. The layers of
buried sand and gravel are more continuous (greater
than 15 mi?) than the discontinuous sand and gravel
lenses. The buried sand and gravel is shown in hydro-
geologic sections 10A—10A’, 10E-10E’, and 10F-10F
(fig. 70). In many places, water-bearing zones of
discontinuous sand and gravel are encountered above
or below the more continuous aquifer. These multiple
layers of sand and gravel deposits are separated by as
little as 10 feet to as much as 50 feet of glacial till.
Sand and gravel layers at different elevations represent
deposition of outwash during various advances and
retreats of the ice during Wisconsinan and pre-
Wisconsinan glaciations.
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EXPLANATION
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Figure 71. Extent of aquifer types in the Whitewater River basin.
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Table 12. Characteristics of aquifer types in the Whitewater River basin

[<, less than; locations of aquifer types shown in fig. 71]

Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)

Discontinuous sand and gravel 2- 50 0- 150 Fayette-Union and Wayne-Henry
Aquifer Systems’

Buried sand and gravel 2- 50 5- 150 Centerville Subsystem'

Surficial sand and gravel 30- 150 50- 1,200 Whitewater Valley Aquifer
Systeml

Carbonate bedrock 0- 100 0- 60 Silurian Bedrock Aquifer
System’

Upper weathered bedrock <100 0- 10 Ordovician Bedrock Aquifer

Systeml

Indiana Department of Natural Resources, 1989.

Summary

The Whitewater River basin encompasses
1,425 mi? in southeastern Indiana. The basin is
composed of two physiographic units; the undulating
Tipton Till Plain in the north and the rugged Dear-
born Upland in the south. Silurian carbonate rocks
are at the bedrock surface on the western, northern,
and northeastern edges of the basin, whereas Ordo-
vician shale and limestone are at the bedrock surface
in the remaining three-quarters of the basin. The
bedrock is covered with as much as 400 ft of loam to
sandy-loam till, loess, outwash, and alluvium.

Five different aquifer types are delineated in
the Whitewater River basin: discontinuous sand and
gravel; buried sand and gravel; surficial sand and
gravel; carbonate bedrock; and an upper weathered
zone in shale and limestone. The unconsolidated

aquifers produce the largest supply of ground water
for the basin; typical well yields range from approxi-
mately 10 gal/min within the discontinuous zones to
several hundred gallons per minute in the surficial
sand and gravel aquifers along the Whitewater River.
The carbonate bedrock aquifer is a secondary sup-
ply of ground water, mostly for domestic use. Wells
in the carbonate bedrock aquifer yield from O to

60 gal/min; the larger yields are obtained in the
northern part of the basin where one or more frac-
tures or joints are intersected. The upper weathered-
bedrock aquifer is generally used if no other aquifer
is available. Well penetration into the weathered
zone is usually less than 100 ft, and most well yields
are less than 10 gal/min. No aquifer is mapped in the
southern part of the basin. Most ground water in this
area is obtained from low-permeability unconsoli-
dated deposits.
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Figure 76. Hydrogeologic sections 171A-11A"to 11F~11F’ of the Patoka River basin—Continued.
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Table 13. Characteristics of aquifer types in the Patoka River basin
[<, less than; >, greater than; locations of aquifer types shown in fig. 77]

Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)

Surficial sand and gravel 30-<150 1225.51,000  Valley train!; flood plain
deposits3; alluvium and
outwash*; outwash sand and
gravel2

Discontinuous sand and gravel <30- 125 125 250 Sand and gravel lenses, outwash
plain depositsl; sand and gravel
deposits2

Carbonate bedrock

Middle Mississippian >100 235, <100 Blue River Group6
Upper Mississippian 8- 40 21- 10 Beech Creek Limestone®
20- 40 No data Haney Limestone®
9- 30 No data Glen Dean Limestone®
Sandstone
Upper Mississippian 30- 70 241- 5  Big Clifty Formation®
20- >60 2<1- 5  Hardinsburg Formation®
Pennsylvanian 10- 150 2<1- 100 Mansfield Formation®3>7
10- 60 241- 10 Coxville Sandstone Member® or
Linton Aquifer’
10- 160 2<1- 10 Anvil Rock Sandstone Member®
20- 90 L241- 10 Busseron Sandstone Member!
20- 40 .23 300  Inglefield Aquifer' or Inglefield

Sandstone Member?

1Barnhart and Middleman, 1990.
2Clark, 1980.

3Harrell, 1935.

4Fid1lar, 1948.

SBechert and Heckard, 1966.
5Shaver and others, 1986.
’Cable and Wolf, 1977.
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cutouts in underlying strata. Wells in channel
sandstones may have higher yields than wells in
sheet sandstones because of the greater thickness
and higher permeability of channel sandstones.
Their higher permeability is attributed to generally
larger grain size, better sorting, and smaller amounts
of clay compared to sheet sandstones (Hopkins,
1958, p. 12; Cable and Wolf, 1977, p. 9; Martin and
others, 1990, p. B22). The thick sandstone
sequence shown in section 11A-11A" (fig. 76)
probably consists of several stacked channel-fill
deposits and includes, at least in part, the Anvil
Rock Sandstone Member of the Dugger Formation.
Another channel sandstone is evident on section
11B-11B’ (fig. 76) between Honey Creek and South
Fork Patoka River.

Complexly interbedded Sandstone, Shale, Limestone, and Coal

In areas where unconsolidated aquifers are
absent, and where sandstone and limestone aquifers
are either unproductive or too deep for the eco-
nomical installation of wells, ground water can be
obtained from coal seams and(or) complexly inter-
bedded sequences of sandstone, shale, limestone,
and coal. Banaszak (1980, p. 235-240) indicates
that coal seams hydraulically connected to a source
of recharge and underlain by a confining unit can
yield as much as 10 gal/min. Only 8 of the well logs
used to construct sections in the Patoka River basin
indicate that the wells obtain water primarily from
coal seams and(or) complexly interbedded lithol-
ogies; three of the logs indicate well yields of less
than 1 gal/min. In contrast, a fourth well log,
plotted on section 11B-11B’ (fig. 76) as the first
water-supply well south of the Patoka River, indi-
cated a yield of 12 gal/min. The source of ground
water for this well is strata immediately downdip of
a bedrock surface overlain by sand and gravel.
Basal sands and gravels probably increase recharge
to the underlying bedrock and increase net storage
in the immediate area, resulting in anomalously
high yields. With local exceptions such as this, coal
seams and(or) complexly interbedded lithologies
are not generally a primary source of ground water

in the Patoka River basin, and these materials are
shown as “aquifer—potential unknown” on all the
hydrogeologic sections.

Summary

The Patoka River basin encompasses 862 mi’
in southwestern Indiana. Major sources of ground
water 1n the Patoka River basin include surficial
sand and gravel composed of outwash, discon-
tinuous sand and gravel, Mississippian carbonate
rocks, and Mississippian and Pennsylvanian
sandstones.

Outwash sand and gravel deposits can
produce in excess of 1,000 gal/min but they are
present only in the extreme western part of the
basin. Discontinuous sand and gravel interbedded
with fine-grained material are present in the western
three-quarters of the basin along the Patoka River
and tributary valleys and in areas once covered by
lakes during Illinoian and Wisconsinan glaciations.
Well yields as much as 250 gal/min are available
from these deposits.

Sandstone and carbonate bedrock aquifers in
the basin are generally capable of producing only
enough water to meet domestic and livestock needs.
Sandstone aquifers underlie most of basin, whereas
carbonate bedrock aquifers, composed primarily of
limestone, are present only in the eastern one-third.
Well yields from the sandstone aquifers are gener-
ally less than 1 to 5 gal/min but seem to be some-
what higher in the lower Mansfield Formation.
Wells in the carbonate bedrock aquifers typically
yield 5 to 10 gal/min. Recharge to bedrock aquifers
and net storage may be increased in areas where
sand and gravel directly overly the bedrock surface.
Bedrock wells downdip from these areas may have
higher yields. Coal seams and complexly inter-
bedded sequences of sandstone, shale, limestone,
and coal are infrequently a primary source of
ground water, and their potential as aquifers can be
adequately evaluated only on a local basis.
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Figure 78. Location of section lines and wells plotted in the Ohio River basin.
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Surface-Water Hydrology

The Ohio River is a major eastern tributary of
the Mississippi River and forms the entire State
boundary between Indiana and Kentucky. The total
drainage area of Indiana streams that discharge into
the Ohio River, excluding the Wabash and Whitewater
River basins, 1s 4,224 mi“. The Lower Ohio River was
the name given to the Indiana part of the Ohio River
by the State of Indiana in the State Water Plan
(Pettijohn and Reussow, 1969, p. 4), but for the pur-
pose of this report, it will be referred to as the Ohio
River.

Meandering along Indiana’s southern border
for 357 mi, the Ohio River flows in a general south-
westerly direction. River segments upstream of
Cannelton follow bedrock fractures through many
angled turns. The river descends 135 ft in elevation
from the eastern side of the basin to the western side,
resulting in an average gradient of 0.38 ft/mi. The
flow of the river is affected by numerous dams
operated by the U.S. Army Corps of Engineers.

Tributary streams with more than 100 mi? of
drainage area that flow into the Ohio River are from
east to west, Hogan Creek, which includes the
North and South Forks (128 miz); Laughery Creek
(343 miz); Indian-Kentuck Creek (153 miz); Fourteen-
mile Creek (101 miz); Silver Creek (219 miz); Indian
Creek (257 miz); Blue River (524 miz); Little Blue
River (172 miz); Anderson River (258 miz); Little
Pigeon Creek (360 mi?); and Pigeon Creek (368 mi?).
Some of the streams (including South Hogan Creek,
Indian-Kentuck Creek, Silver Creek, and Middle Fork
of Anderson River) have gone dry at times during
most years of record (Arvin, 1989).

All of the tributary streams of the Ohio River
in Indiana originate within 30 mi of the Ohio River,
with the exception of the Blue River, which originates
approximately 52 mi from the Ohio River (Malott,
1922, p. 75). Just west of Madison, the drainage
divide between the Ohio River and the East Fork
White River is within 2 mi of the Ohio River.

Geology

Bedrock Deposits

The major geologic structures within the Ohio
River basin are the Cincinnati Arch and the Illinois
Basin (fig. 4). The crest of the Cincinnati Arch trends
northwest and crosses the eastern part of the Ohio
River basin. The bedrock at the crest of the arch is
nearly horizontal. West and southwest of the arch
crest, the rocks dip at an average of 25 ft/mi into the
Illinois Basin (Gutschick, 1966, p. 10).

The Paleozoic carbonate rocks that underlie the
Ohio River basin range in age from Cambrian to
Pennsylvanmian (fig. 5). The deeply buried Cambrian
rocks are composed of a sequence of sandstone, shale,
limestone, and dolomite. Several thousand feet of
buried Ordovician rocks overlie the Cambrian rocks
(Gray and others, 1987). The Ordovician rocks are
predominantly composed of dolomite, limestone, and
some sandstone. Ground water is not withdrawn from
these rocks because of their depth and because the
water has high concentrations of dissolved solids.

The buried Ordovician rocks are overlain by the
Ordovician Lexington Limestone, the oldest exposed
rock unit in the basin. This fossiliferous limestone
attains a maximum thickness of 256 ft in southeastern
Indiana (Shaver and others, 1986, p. 78). The upper
part of the Lexington Limestone is exposed at the
bedrock surface in discontinuous stretches along the
banks of the Ohio River in eastern Switzerland County
(sections 12J-12J" and 12M-12M’, fig. 82).

The Ordovician Maquoketa Group, consisting
of the Kope, Dillsboro, and Whitewater Formations
(fig. 80) overlies the Lexington Limestone. The Kope
Formation is a 300- to 400-ft-thick sequence,

95 percent of which is shale (Shaver and others, 1986,
p. 72). The formation is exposed mainly along the
lower reaches of the deeply entrenched streams of
North and South Hogan Creeks, Laughery Creek,
Indian-Kentuck Creek, and along other smaller tribu-
taries to the Ohio River. A transitional contact
between the Kope Formation and the overlying
Dillsboro Formation is marked by an upward increase
in the proportion of limestone (Gray, 1972, p. 14).
The Dillsboro Formation is a 400-ft-thick sequence

consisting of about 30 percent fossiliferous and clayey
limestones and 70 percent calcareous shale (Shaver
and others, 1986, p. 37). It is conformably overlain by
the Whitewater Formation, which is composed of less
than 60 to 100 ft of bluish-gray limestone interbedded
with calcareous shale (Shaver and others, 1986,

p. 168). The Whitewater Formation is exposed in a
north-northeastern band along the eastern margin of
the basin and in the entrenched headwaters of
Laughery and Indian Creeks.

The Whitewater Formation is overlain uncon-
formably by the Silurian Brassfield Limestone,
Salamonie Dolomite, Waldron Shale, and Louisville
Limestone (fig. 80). The Brassfield Limestone con-
sists of 4 to 20 ft of medium- to coarse-grained fossil-
iferous limestone containing minor amounts of shale
(Shaver and others, 1986, p. 20). The Salamonie
Dolomite overlies the Brassfield Limestone and
consists predominantly of limestone and dolomite
with minor amounts of shale and chert. The Sala-
monie Dolomite is O to 60 ft thick along the eroded
edges of the outcrop area in southeastern Indiana. The
Waldron Shale overlies the Salamonie Dolomite and is
composed of about 5 ft of shale that contains siltstone
and fossiliferous limestone beds, which are reeflike in
many places. The Louisville Limestone, a fine-
grained, thick-bedded, clayey and dolomitic limestone
that 1s approximately 40 to 75 ft thick overlies the
Waldron Shale (Shaver and others, 1986, p. 83).
Outcrops of the Louisville Limestone in the south-
eastern part of the basin are overlain unconformably
by the Devonian Muscatatuck Group (fig. 80).

The Muscatatuck Group is composed predomi-
nantly of fine-grained to granular dolomite and lime-
stone. The carbonate rocks range from pure to sandy
or shaly. The lower part of the Muscatatuck Group
contains some anhydrite and gypsum (Shaver and
others, 1986, p. 99). The Muscatatuck Group is
exposed on the western side of the Cincinnati Arch
and 1s zero to more than 250 ft thick in the basin.

Overlying the Muscatatuck Group is the Devo-
nian and Mississippian New Albany Shale, composed
primarily of brownish-black, carbon-rich shale and
greenish-gray shale. The New Albany Shale is about
100 ft thick near its outcrop area in Clark County.

Rocks of Mississippian age in the Ohio River
basin include the Borden, Sanders, Blue River, West
Baden, Stephensport, and Buffalo Wallow Groups
(fig. 80). The Borden Group overlies the New Albany
Shale and is composed primarily of gray clayey silt-
stone and shale with fine sandstone. Sparse inter-
bedded limestones form discontinuous lenses. This
group, extending from the Ohio River in southern
Floyd County northward, is about 500 ft thick in the
basin, and has an outcrop width of about 6 to 12 mi
within the east-central part of the basin.

Carbonate rocks of the Sanders and Blue River
Groups overlie and crop out west of the Borden Group.
A complex relation among a variety of carbonate rocks
exists within the Sanders Group (Shaver and others,
1986, p. 136). At the base is a mixture of fine-grained
dolomite and limestone with chert. Above these rocks
lies a sequence of well-cemented bioclastic limestones
and dolomites. The thickness of the Sanders Group is
about 120 ft in the outcrop area. The Blue River
Group is composed primarily of carbonate rocks but
contains significant amounts of gypsum, anhydrite,
shale, chert and calcareous sandstone (Shaver and
others, 1986, p. 16). The Blue River Group is about
540 ft thick at outcrops in southern Crawford and
Harrison Counties.

Complexly interbedded rocks of the West
Baden, Stepensport, and Buffalo Wallow Groups
overlie the Blue River Group. The West Baden Group
1s composed predominantly of shale, mudstone, thin-
bedded to cross-bedded sandstone, and limestone
(Shaver and others, 1986, p. 16). Along the outcrop
area in the central part of the basin, the thickness
ranges from 100 to 140 ft. The Stephensport Group,
which is 130 to 230 ft thick, is composed of approxi-
mately equal parts of limestone, shale, and sandstone
(Shaver and others, 1986, p. 150). The Buffalo
Wallow Group consists of a shale, mudstone, and
siltstone sequence with thin, laterally extensive beds of
limestone and sandstone (Shaver and others, 1986,

p. 24). Its maximum exposed thickness is 270 ft near
the Ohio River. The Buffalo Wallow Group does not
crop out north of southwestern Orange County because
it was truncated by pre-Pennsylvanian erosion.
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Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 80. Bedrock geology of the Ohio River basin.
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The youngest exposed bedrock in the Ohio
River basin is of Pennsylvanian age (fig. 80). In
ascending order, the groups that compose this rock
assemblage are the Raccoon Creek, Carbondale, and
the McLeansboro Groups. The Raccoon Creek Group
is 95 percent shale and sandstone and 5 percent clay,
coal, and limestone (Shaver and others, 1986, p. 120);
small amounts of chert and sedimentary iron ore are
found in the lower part of the group. The shale varies
from soft and nonsilty to hard, silty, and sandy. The
sandstone contains crossbedding and is mostly fine
grained. The thickness of this group is variable
because of the irregular unconformity between the
Mississippian and Pennsylvanian rocks. The Raccoon
Creek Group thickens southeastward from 100 ft in
west-central Indiana to more than 1,000 ft in Vander-
burgh County. The Carbondale Group consists pri-
marily of about 300 ft of shale and sandstone (Shaver
and others, 1986, p. 27). The Group contains four of
Indiana’s commercially important coals and some thin
but laterally extensive limestones. The McLeansboro
Group crops out in Gibson, Vanderburgh, Posey, and
northwestern Warrick Counties. Shale and sandstone
comprise more than 90 percent of the group (Shaver
and others, 1986, p. 85-86). Minor amounts of silt-
stone, limestone, clay, and coal also are present. The
McLeansboro Group is composed of the Shelburn,
Patoka, and Bond Formations.

Unconsolidated Deposits

Unconsolidated deposits within the Ohio River
basin are in three distinct regions: an eastern glaciated
region, a western unglaciated region, and a southern
river region.

The eastern glaciated region is primarily east of
Floyd and Washington Counties. The thickness of the
unconsolidated deposits in the upland area of the
region is generally less than 50 ft (fig. 81). The
material covering this area is predominantly composed
of pre-Wisconsinan loam to sandy-loam till of the
Jessup Formation and an upland silt complex of poorly
stratified and poorly sorted sand and silt (Gray,

1989). The upland silt complex was derived from
underlying weathered material and from windblown
silt (loess). The composition of this material, and its
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topographic location, limit its potential as a source of
ground water. A surficial deposit known as the low-
land silt complex is present in narrow valleys of the
glaciated region (Gray, 1989). The complex is com-
posed of poorly stratified sand and silt from alluvial,
colluvial, and wind-blown material. Even though this
complex may contain some favorable material for
aquifers, it is not considered to be a reliable source of
ground water,

The unconsolidated surficial deposits are less
than 50 ft thick in the uplands of the western ungla-
ciated region of the basin (fig. 81). The unglaciated
region contains terrace remnants of the lowland silt
complex along many of its narrow major tributary
valleys (Gray, 1989). What differentiates the ungla-
ciated region from the glaciated region is the lack of
till and the presence in the unglaciated region of large
areas of loess in the upland areas. In many places, the
loess is greater than 5 ft thick.

Along the Ohio River and in the middle to lower
reaches of the major tributaries, the unconsolidated
deposits are 50 ft to more than 100 ft thick (fig. 81).
The sediment contained within the Ohio River Valley
is mostly valley-train material deposited from melting
glaciers. This material is undifferentiated outwash
composed of sand and gravel, and it is the major
source of ground water in the Ohio River basin. The
outwash is commonly overlain by more than 10 ft of
fine-grained sediments. In the lower to middle reaches
of many of the tributaries are wetland or lake silts and
clays. Covering the outwash and slack-water deposits
in many areas 1s recently deposited alluvium com-
posed of clay, silt, and sand. Colluvium is present
along some of the tributary-valley margins.

Aquifer Types

Thirteen hydrogeologic sections (12A-12A" to
12M-12M’, fig. 82) were drawn to show the hydro-
geology of the Ohio River basin. Hydrogeologic
sections 12A—12A" to 12J-12J (fig. 82) are oriented
south-north and are roughly perpendicular to the Ohio
River. These hydrogeologic sections are spaced on
average 18 mi apart; the average density of logged
wells plotted along the sections is 0.64 wells per mile
(fig. 78). Hydrogeologic sections 12K—-12K’,

121~12L1’, and 12M-12M’ (fig. 82) are oriented west-
east. These sections were spaced 21 mi apart on

average; density of wells along the sections averages
0.46 wells per mile (fig. 78).

Because of the scarcity of water-well logs for
the Ohio River basin, approximately 20 percent of the
well logs used were from test holes. Many previous
maps and reports were used in the production of these
sections: (Gallaher, 1963a, 1963b, 1963c, 1964a,
1964b; Gallaher and Price, 1966; Price, 1964a, 1964b,
1964c; Bassett and Hasenmueller, 1979a, 1979b,
1980; Hasenmueller and Bassett, 1980; Geosciences
Research Associates, Inc., 1982; Bassett and Keith,
1984, Gray, 1982, 1983, 1989; Gray and others, 1987).
These maps and publications were especially helpful
where well logs were scarce or wells were shallow.

Unconsolidated and bedrock aquifers are used
as a water source in the Ohio River basin. The uncon-
solidated aquifers are mapped as buried sand and
gravel aquifers (fig. 83). The buried sand and gravel
aquifer is composed of outwash and alluvium that was
deposited in the Ohio River valley, in lower reaches of
the major tributary valleys, and in glacial lakes.
Throughout the basin, the outwash is overlain by more
than 10 ft of fine-grained sediments; therefore, the
aquifer type is denoted as “buried” sand and gravel.
The bedrock aquifers were subdivided into sandstone
aquifers, carbonate bedrock aquifers, an upper
weathered-bedrock aquifer, and a complexly inter-
bedded sandstone, shale, limestone, and coal aquifer.
The thicknesses, typical yields, and common names of
these aquifer types are shown in table 14 at the back of
this section.

Unconsolidated Aquifers

Buried Sand and Gravel Aquifer

An extensive zone of buried sand and gravel
extends along nearly all of the Ohio River basin’s
southern border and along some of the lower reaches
of the major tributaries (fig. 83). This zone of outwash
and recently deposited alluvium is restricted to the
Ohio River valley. The buried sand and gravel aquifer
is shown in all 13 hydrogeologic sections (fig. 82).

The aquifer is typically 35 ft to 150 ft thick, but it thins
toward the valley margins. It is typically covered by
10 ft to 30 ft of clay, silt, and fine sand, although these
fine-grained surface deposits can range from 0 to

100 tt in thickness. The coarseness of the deposits in
the Ohio River valley generally increases with depth.
Gravel 1s common near the bedrock surface, and
boulders are sometimes found (Gallaher and Price,
1966, p. 44). The deposits also become finer with
distance from the Ohio River. Sand deposits are thin
or absent near the valley margins. Most of the valley-
margin deposits consist of a mix of fine sand, silt, and
clay and are commonly called “mud” or “quicksand”
by drillers. The valley margin deposits are shown on
the sections as nonaquifer material because they are
not generally used for water supply; however, in
some areas, low-yielding water-bearing units occur.
Generally, where a tributary joins the Ohio River, the
deposits in the tributary valley are fine-grained lake
deposits and produce water only in some locations.

The buried sand and gravel deposits in the Ohio
River valley are the most productive water-bearing
units in the entire basin and yield the largest supplies
of ground water. Properly constructed wells can yield
as much as 2,000 gal/min, although typical yields are
generally several hundred gallons per minute. This
aquifer is extensively used by many of the major cities
and industries along the Ohio River (Clark, 1980).

Horizontal hydraulic conductivities calculated
from about 100 aquifer tests made in the buried sands
and gravels along the Ohio River in Kentucky ranged
from about 13 to 375 ft/d; the median was 61 ft/d
(Gallaher and Price, 1966, p. 21). Specific capacities
ranged from about 1 to 500 (gal/min)/ft with a median
of 30 (gal/min)/ft (Gallaher and Price, 1966, p. 21).
Water levels in the aquifer generally slope toward the
Ohio River; ground water discharges to the river.
During flooding, river water can flow into the aquifer
near the stream (Gallaher and Price, 1966, p. 12).
Infiltration of river water can be induced by heavy
pumping in the outwash deposits; this infiltration
reverses the natural pattern of ground-water dis-
charge to the river and enables large sustained well
yields.



A small buried sand and gravel aquifer in the
northwestern part of the basin is about 50 ft thick
and covers about 40 mi” (fig. 83; section 12B—12B’,
fig. 82). Most of the aquifer material consists of fine
sand; however, small deposits of gravel also are
present. The aquifer is confined above and below
primarily by deposits of fine sand, silt, and clay.
Where present, the aquifer provides an adequate
supply of ground water for domestic use.

Bedrock Aquifers

The bedrock aquifers in the Ohio River basin
are less productive but more widespread than the
unconsolidated aquifers. Several conditions limit the
availability, quantity, and quality of the ground water
contained within the bedrock: (1) the lack of thick,
permeable, unconsolidated deposits above the bed-
rock throughout most of the basin; (2) low hydraulic
conductivity of much of the bedrock; (3) deep water
levels; and (4) highly mineralized ground water at
depth.

Sandstone Aquifers

Sandstone aquifers underlie two large areas
in the western one-half of the basin (fig. 83). Most
of the sandstone aquifers are of Pennsylvanian age.
These thick, laterally discontinuous sandstones
are shown in hydrogeologic sections 12A-12A’,
12B-12B’, 12D-12D’, 12E~12F’, and 12K-12K’
(fig. 82). These sandstones are a dependable source
of ground water, and they are very important aquifers
in the western one-half of the basin. Wells in some
of the thick sandstones can yield as much as
75 gal/min (Pettijohn and Reussow, 1969, p. 20);
however, typical well yields from the sandstones are
1 to 20 gal/min.

Some of the sandstone aquifers in the far
western part of the basin have been named and
mapped in previous studies and are shown, but not
labeled, on sections in figure 82. These sandstone
aquifers include the Inglefield aquifer (Barnhart and
Middleman, 1990, p. 4-7), also known as the Ingle-
field Sandstone aquifer (Robison, 1977, p. 9) or the
Patoka aquifer (Cable and Wolf, 1977, p. 14), which

is shown in the northern part of section 12A-12A’
and the central part of section 12B-12B’ (fig. 82). A
second, less important aquifer, the Busseron Sand-
stone Member, generally lies at the base of the
Danville Coal Member (Coal VII) (Shaver and
others, 1986, p. 34; Barnhart and Middleman, 1990,
p. 4). The Busseron Sandstone Member, (mapped by
Barnhart and Middleman, 1990, pl. 1) is shown in the
northern part (T. 2 S.) of section 12B—12B’ (fig. 82).
The Dugger aquifer (Cable and Wolf, 1977, p. 13-15)
1s a discontinuous sandstone aquifer within the
Dugger Formation that is present in parts of Vander-
burgh, Gibson, Warrick, and Pike Counties. It is
shown on the southern part of section 12K—12K” just
above the Springfield Coal Member (Coal V). Major
sandstone aquifers are found in the Mansfield
Formation at the base of the Raccoon Creek Group.
In Vanderburgh County, the sandstone aquifers are
800 to 1,200 ft below land surface; the water in these
deep sandstone aquifers is too mineralized to be used
(Cable and Wolf, 1977, p. 9). Further east in Spencer
County, these sandstone aquifers are only several
hundred feet below land surface and can be used as a
water source. These aquifers are shown at the base of
section 12D-12D’ and near the land surface (above
the Mississippian-Pennsylvanian unconformity)

in Perry County in the northern part of section
12E-12FE’ (fig. 82).

Water-bearing sandstones at the bedrock
surface, such as those shown in the central part of
12B-12B’ or the northern part of 12E-12E’ (fig. 82),
are recharged by precipitation infiltrating through the
thin soil or glacial cover. Deeper sandstones are
recharged much more slowly by overlying shales and
siltstones or by limestones or coals, which can func-
tion as conduits of flow to the sandstones. Flow in
the sandstone aquifers could be restricted because of
their discontinuity and the abundance of surrounding
shale and siltstone. The average hydraulic conduc-
tivity of the sandstones in the basin was estimated to
be 1.6 ft/d (Pettijohn and Reussow (1969, p. 20).

In general, water quality diminishes with
depth, but the depth to potable ground water 1s highly
variable. In Vanderburgh County, freshwater was
found in sandstone at depths of more than 500 ft; the
ground water was highly mineralized at 800 ft below

land surface (Cable and Wolf, 1977, p. 9, 22).
Locally, ground water can be salty at depths of less
than 300 ft. Insection 12E-12E’ (fig. 82), a well near
the intersection of T. 4 S. and T. 5 S. contained
“saltwater” at a depth of about 280 ft.

Complexly Interbedded Sandstone, Shale, Limestone,
and Coal Aquifer

A complexly interbedded sandstone, shale,
limestone, and coal aquifer has been mapped over the
western one-half of the basin (fig. 83). The com-
plexly interbedded aquifer was mapped as “aquifer—
potential unknown” because its aquifer character-
istics are so widely variable throughout the basin.
The aquifer is a poorly productive, secondary source
of water, yet it is areally and vertically extensive; 1n
general, it can supply enough water to support a
household. Where sandstone aquifers have been
mapped (fig. 83), the complexly interbedded aquifer
is typically not used unless the sandstone aquifers are
very deep (several hundred feet below land surface).

The complexly interbedded aquifer includes
the West Baden, Stephensport, and Buffalo Wallow
Groups of Mississippian age and the Raccoon Creek,
Carbondale, and McCleansboro Groups of Pennsyl-
vanian age. Where the sandstones are mapped as
separate aquifers from the complex material (fig. 83),
then the complexly interbedded sandstone, shale,
limestone, and coal aquifer is dominated by shale and
siltstone. Aside from the major sandstone bodies,
shale and siltstone compose about 80 percent of the
bedrock in well logs from sections 12A-12A" to
12C-12C’ (fig. 82); however, large sandstone bodies
may be present where complex material is shown
with no well log information. Shale and siltstone,
even though widespread, are not the primary water-
bearing units in the complex aquifer. Although some
well logs note shale and sandy shale as water bearing,
about one-half of the well logs indicate that water is
derived from thin (less than 10 ft), discontinuous
sandstone bodies (not shown on the sections). The
remaining wells get water from coal and limestone.

Most wells are uncased throughout the bedrock
and, therefore, can produce water from several low-
yielding units that are penetrated by the well. Yields
of wells in the complex material range from 0 to

about 20 gal/min. Commonly, yields are less than
2 gal/min.

Carbonate Bedrock Aquifers

Limestones and dolomites of Silurian, Devo-
nian, and Mississippian age are another source of
ground water in the Ohio River basin. The Missis-
sippian carbonate rocks, consisting of the Blue River
and Sanders Groups, are the most extensive and
thickest of the carbonate bedrock aquifers in the Ohio
River basin. They underlie most of Perry, Crawford,
and Harrison Counties and the western one-half of
Washington County (fig. 83). These thick, massive
Mississippian carbonate bedrock aquifers are shown
in hydrogeologic sections 12F-12F’, 12G-12G’, the
eastern part of 12K—12K’, and the western part of
12L-12L (fig. 82). In western Perry and Crawford
Counties, the carbonate rocks are overlain by younger
complexly interbedded rocks.

Wells in the Mississippian carbonate rocks
have yields of 1 to 100 gal/min; typical yields are 3 to
15 gal/min (Bechert and Heckard, 1966; Pettijohn
and Reussow, 1969; Clark, 1980). These moderate
yields are attributed to the presence of highly trans-
missive solution features, joints, cracks, and bedding
planes (fig. 9b). Most of the solution features and
greatest permeabilities are in the Blue River Group,
which constitutes the upper two-thirds of the car-
bonate bedrock aquifer. Low well yields and dry
holes are common where the aquifer thins toward the
east, as shown along R. 5 E. of section 12L.-121’
(fig. 82). Several spring horizons have formed within
the Mississippian limestones where permeable
limestone overlies relatively impermeable limestone.

The Silurian-Devonian carbonate bedrock
aquifer is in the east-central part of the Ohio River
basin in Clark, Jefferson, and Ripley Counties
(fig. 83). The aquifer can be seen in hydrogeologic
sections 12H—12H" and the far eastern part of
1211217 (fig. 82). Most of the extractable ground
water within the carbonate rocks is in joint planes,
fractures, and solution features. The carbonate rocks
identified as an aquifer are a reliable source of ground
water, and well yields are generally less than
20 gal/min (Bechert, and Heckard, 1966; Pettijohn
and Reussow, 1969; Clark, 1980).
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State Base Map, 1:500,000. 1974

Figure 81. Thickness of unconsolidated deposits in the Ohio River basin.
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- MATERIAL
N N COMPLEXLY INTERBEDDED

2 SANDSTONE, SHALE,

NOTE: This mop is designed far regianal
evaluations and shauld nat be the
basis far evaluation of specific sites

LIMESTONE. AND COAL
AQUIFER— - Patential unknown

| CARBONATE BEDROCK
. AQUIFER- - Paottern dashed

where potential unknown

Figure 83. Extent of aquifer types in the Ohio River basin.
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Table 14. Characteristics of aquifer types in the Ohio River basin

[Locations of aquifer types shown m fig. 83]

Aquifer type Thickness Range of yield Common name(s)
(feet) (gallons per
minute)

Buried sand and gravel 35-150 12.34510-1,000  Ohio River sand and gravel';
valley train deposits3; alluvial
deposits5

Sandstone 10- 50 123461. 75 Inglefield Sandstone Memberl;
Linton, Dugger, and Patoka
aquifers2

Complexly interbedded highly variable’ 0- 20 West Baden, Stephensport,

sandstone, shale limestone, Buffalo Wallow, Raccoon Creek,
and coal Carbondale, and McCleansboro
Groups8
Carbonate bedrock
Mississippian 100-600 1461 100  Blue River and Sanders Groups
Silurian-Devonian 50-250 L480- 20 Muscatatuck Group through
Louisville Limestone®

Upper weathered bedrock 50-100 L46g. 5 New Albany Shale and Borden

Group8
IClark, 1980.

2Cable and Wolf, 1977.
3Robison, 1977.

“Bechert and Heckard, 1966.
Gallaher and Price, 1966.
6Pettijohn and Reussow, 1969.

"Water commonly found in thin beds within complexly interbedded sequence.

8Shaver and others, 1986.

Bechert, C.H., and Heckard, J. M., 1966, Ground water, in
Lindsey, A.A., ed., Natural features of Indiana:
Indianapolis, Indiana Academy of Science,

p- 100-1135.

Cable, L.W., and Wolf, R.J., 1977, Ground-water
resources of Vanderburgh County: Indiana

Department of Natural Resources, Division of Water
Bulletin 38, 37 p.

Clark, G.D., ed., 1980, The Indiana water resource—
availability, uses, and needs: 1ndianapolis,
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1963c¢, Geology and hydrology of alluvial deposits
along the Ohio River in the Spottsville and Reed
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DEFINITIONS OF SELECTED TERMS

The following are definitions of selected terms as
they are used in this report; they are not necessarily
the only valid definitions of these terms.

Alluvial deposits (or alluvium). Unconsolidated
sediment deposited in river channels or on flood
plains by a stream.

Aquifer. A formation, group of formations, or part
of a formation that contains sufficient saturated
permeable material to yield quantities of potable
water for domestic purposes. An aquifer may include
unsaturated parts of the permeable material.

Aquifer—Potential unknown. An aquifer-type
classification that implies a formation of unknown or
poor production capabilities. The use of the for-
mation as a water supply may result in low yields
and(or) dry holes.

Bedrock aquifer (or consolidated aquifer). An
aquifer composed of limestone, dolostone, sandstone,
coal, siltstone, or shale bedrock.

Buried aquifer. A sand and gravel aquifer whose
upper surface is greater than 10 feet beneath the land
surface; a buried aquifer is not discontinuous.

Confined aquifer. An aquifer whose potentiometric
surface 1s higher than the top of the aquifer.

Discharge area. An area where water is lost from an
aquifer; commonly a surface-water body or an area of
intensive ground-water pumping.

Discontinuous aquifer. A sand and gravel aquifer
composed of small, detached sand and gravel
deposits that are less than about 15 square miles in
extent, and separated from other aquifers by non-
aquifer material. Discontinuous aquifers can be
either surficial or buried.

Drift. A general term for all material transported by
glacial processes and deposited directly from melting
ice or by meltwater streams.

Dry hole. A hole abandoned during drilling for lack
of water.

Hydraulic head (or static head). The height of the
surface of a column of water above a standard datum
that can be supported by the static pressure at a given
point; the sum of the elevation head and the pressure
head; the level to which water will rise in a properly
constructed well.

Loess. A blanket of fine-grained material, typically
silt, deposited by the wind.

Nonaquifer material. Sediments with low hydraulic
conductivity that normally will not transmit quanti-

ties of potable water adequate for domestic purposes.

Outwash. Stratified unconsolidated material,
typically sand and gravel deposited by meltwater
streams flowing beyond the glacial ice; proglacial
stratified drift.

Outwash plain. A broad, gently sloping sheet of
outwash.

Porosity. The ratio of the volume of the voids or
openings in a rock to its total volume.

Potentiometric surface (generalized). An
imaginary surface representing the total head of
ground water in an aquifer and defined by the level to
which water will rise in a properly constructed well.

The generalized potentiometric surface of uncon-
solidated aquifers usually represents the static head
from a discrete screened interval and generally is a
subdued reflection of the land surface. The gener-
alized potentiometric surface of bedrock deposits is
typically a composite water level from a hole open
through many lithologies.

Recharge. Water that is gained by an aquifer.

Saturated. The condition in which the pores of a
material are filled with water.

Surficial aquifer. A type of aquifer whose upper
surface is within 10 feet of the land surface; a sur-
ficial aquifer 1s not discontinuous.

Till. An unsorted, unstratified sediment deposited
directly by glaciers with little or no reworking by
meltwater. Till is composed of clay, silt, sand, gravel
and(or) boulders. The term till is used in place of
diamicton in the text.

Unconfined aquifer (or water-table aquifer). An
aquifer whose upper surface is the water table.

Unconsolidated aquifer. A type of aquifer com-
posed of sand, gravel, or a mixture of sand and
gravel.

Valley train. A long, narrow body of outwash
deposited by meltwater streams far beyond the
margin of active glaciation, and confined laterally
within a valley.

Yield (or potential well yield). The maximum
pumping rate that can be sustained in a well without
lowering the water level below the water intake. The
maximum potential well yield is supplied by a pro-
perly constructed, fully penetrating, large diameter
well.
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	Abstract 
	Aquifers in 12 river basins (water-manage­ment basins) in Indiana are identified in a series of 104 hydrogeologic sections and 12 maps. Details of water-bearing units, including a generalized potentiometric surface, are derived from logs of more than 4,200 wells along 3,500 miles of section lines. Logs were obtained from water-well records, oil-and gas-well completion reports, coal-drilling records, and observation-well records. Well logs generally are plotted at 0.5-to 2-mile intervals. Hydrogeologic secti
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	Wells completed in the bedrock aquifers generally have lower yields than wells in most of the sand and gravel aquifers, but the bedrock aquifers are areally widespread and a major source of water for many domestic users and some large users of ground water. Carbonate rocks (limestone and dolostone ); sandstones; complexly interbedded sandstone, siltstone, shale, limestone, and coal; and an upper weathered zone in low permeability rocks comprise the types of bedrock aquifers. Aquifers in carbonate rocks of S
	INTRODUCTION 
	Ground water is the source of drinking water for nearly 60 percent of the residents of Indiana. Approxi­mately 425 community water systems, 3,000 noncom­munity water systems, 500 mobile-home parks, and 500,000 private homes are supplied by wells (Indiana Department of Environmental Management, 1990, 
	p. 223; Indiana Department of Natural Resources, 1989, written commun.). In addition to drinking-water supplies, ground water is withdrawn for energy production, irrigation, and industrial, commercial, and agricultural uses. In 1991, about 204 B gal (billion gallons) of ground water, or a daily average of 559 Mgal (million gallons), was withdrawn. The combined capability of registered ground-water with­drawal facilities in 1991 was 3,540 Mgal/d (million gallons per day) (Indiana Department of Natural Resour
	Ground water is an important and abundant natural resource in Indiana; however, detailed maps and descriptions of the major aquifers that pertain to the entire State have not been available. Published reports are currently limited to county-wide studies, a few basin studies, detailed site-specific investigations, and large-scale maps and assessments of the aquifers in the State. 
	The Indiana Ground-Water Protection and Management Strategy lists the delineation and mapping of aquifers as a primary need (Indiana Department of Environmental Management, 1987). 
	Terms in bold are defined in the "Definitions of Selected Terms" at the back of this report 
	The Strategy states that nearly all aspects of ground­water regulation, research, and utilization in the public and private sectors can benefit from maps and descrip­tions of the aquifers in the State. Therefore, one of the short-term goals of the strategy was the creation of a ground-water atlas of Indiana that would identify generic aquifers on a large scale (Indiana Department of Environmental Management, 1987, p. 5). The term "generic" was used to imply that aquifers do not neces­sarily conform to geolo
	In response to the need for such an atlas, the 
	U.S. Geological Survey (USGS), in cooperation with the Indiana Department of Natural Resources (IDNR) and the Indiana Department of Environmental Management (IDEM), prepared a series of hydrogeo­logic sections and maps that identify aquifers in 12 water-management basins of Indiana (fig. 1). 
	Purpose and Scope 
	This atlas describes and delineates aquifers in the Lake Michigan, St. Joseph River, Kankakee River, Maumee River, Upper Wabash River, Middle Wabash River, Lower Wabash River, White River, East Fork White River, Whitewater River, Patoka River, and Ohio River water-management basins in Indiana. The hydrogeologic sections were constructed at a hori­zontal scale of 1 :250,000, whereas the maps were drawn at a scale of I :500,000. The vertical scale of the sections is greatly exaggerated. Also included are maps
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	Figure 1. The 12 water-management basins of Indiana. 
	As defined in this atlas, an aquifer is a geologic formation, group of formations, or part of a formation that contains sufficient saturated permeable material to yield quantities of potable water adequate for domestic purposes (Lohman and others, 1972, p. 2). Location and delineation of aquifers throughout Indiana is the primary goal of this atlas. Types of aquifers are distinguished by lithology, thickness, depth, and continuity. 
	The hydrogeologic sections and areal maps can be used to understand and evaluate aquifer systems on a regional scale. This regional evaluation can then be used as a base for site-specific studies. The sections and maps, however, do not replace site-specific hydrogeologic data. The well logs used to plot sections were obtained from a 2 mile-wide path that bounded the traces of the sections. Thus, the data shown at a given location might not represent site­specific hydrogeology. 
	A glossary ofhydrogeologic terms used herein is at the end of this report. Bedrock geologic names in this report follow the nomenclature of Shaver and others (1986). 
	Previous Studies 
	The ground-water resources of Indiana have been studied by many authors since the early 1900's. Harrell (1935) described the general physiographic features, hydrology, geology, and ground-water resources of each county in the State. Bechert and Heckard ( 1966) discussed the availability, flow, quality, and uses of ground water in Indiana. Bloyd (1974) summarized the ground-water resources of a region that includes greater than 80 percent of Indiana and provided regional estimates of hydraulic conduc­tivity,
	1992). 
	The location and extent of ground-water resources or aquifers in Indiana have been mapped by a few authors. Bechert and Heckard (1966, p. 109) mapped the availability of ground water on the basis of yields from "properly sized and developed" wells in eight ground-water provinces of Indiana. Gray (1973) mapped the general location and described "the principal resource units in ground-water production" for Indiana. Clark (1980, p. 33) updated the ground­water availability map of Bechert and Heckard using seve
	The Indiana Department of Natural Resources is preparing water-resource availability studies for the 12 water-management ba~ins in Indiana. Published reports are currently (1990) available for the St. Joseph River, Whitewater River, and Kankakee River basins. These reports include maps that show the extent of aquifers, composite potentiometric surface maps for unconsolidated and bedrock aquifers, a discussion of hydrogeologic characteristics, and information on ground-water quality and use. This atlas diffe
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	PHYSICAL SETTING OF INDIANA 
	The physical setting ofIndiana, which includes the physiography, climate, and geology, controls the distribution, availability, and flow ofground water. 
	Physiography 
	Indiana has been divided into 13 major physio­graphic units (fig. 2) on the basis of similarities in topo­graphy and geology (Schneider, 1966, p. 41). The 13 units occupy 3 broad physiographic zones that trend in an east-west direction across the State. The zones are the Northern Lake and Moraine Region, the Central Drift Plain, and a southern zone dominated by bedrock landforms. 
	The Northern Lake and Moraine Region is subdi­vided into five lake (lacustrine) or morainal units: the Calumet Lacustrine Plain, the Valparaiso Morainal Area, the Kankakee Outwash and Lacustrine Plain, the 
	Person is no longer employed with the agency. 
	Steuben Morainal Lake Area, and the Maumee Lacus­trine Plain (fig. 2). A variety of glacial and postglacial landforms are in this 8,500 miarea. Glacial deposi­tional features include end moraines, till plains, outwash plains and valley trains, kames, and lake plains. These landforms have a diverse mix of sediments with highly variable hydrogeologic properties and numerous litho­logic discontinuities. Related postglacial landforms include the many lakes ofnortheastern Indiana, the sand dunes along Lake Michi
	1966, p. 40-42). Principal moraines and the extent of glaciation in Indiana are shown in figure 3. 
	The Tipton Till Plain, or Central Drift Plain, is a nearly flat glacial till plain covering central Indiana (fig. 2). This area of about 12,000 miis underlain by thick till and has been slightly eroded by postglacial streams. Most of the boundary between the Till Plain and the southern physiographic units coincides with the maximum extent of Wisconsinan glaciation, except in southeastern Indiana where the physiographic boundary is north ofthe Wisconsinan glacial boundary. The south­eastern Indiana boundary 
	Seven physiographic units composed of different bedrock types comprise 15,500 miin the southern one­third ofthe State (fig. 2). The bedrock is primarily sandstone, shale, siltstone, limestone, and dolomite. The physiographic units generally trend north-northwest following the strike of the bedrock. From east to west, the units are called the Dearborn Upland, the Musca­tatuck Regional Slope, the Scottsburg Lowland, the Norman Upland, the Mitchell Plain, the Crawford Upland, and the Wabash Lowland (Schneider,
	p. 42-49). These southern units represent a sharply divided, alternating series of uplands and lowlands or plains. Large parts of the Wabash Lowland, Crawford Upland, Mitchell Plain, and Norman Upland were not glaciated during the Pleistocene Epoch. All seven bedrock physiographic units extend further north than shown in figure 2 but were buried by glacial deposits (Schneider, 1966, p. 54). Buried erosional surfaces of these units are evident in the hydrogeologic sections presented later in this report. 
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	The distribution ofbedrock types and erosional characteristics determines the topography of the bedrock, which affects the thickness of unconsolidated deposits. Thick glacial sediments are present beneath moraines and in buried bedrock valleys. In the southern one-third of the State, unconsolidated deposits are thin and discon­tinuous, especially beyond the maximum extent of glaci­ation. The distribution, thickness, and hydraulic con­ductivity of these unconsolidated deposits control the near-surface occurr
	Climate 
	Climate in Indiana is temperate with warm summers, cold winters, and no distinguishable wet or dry seasons. Precipitation is well-distributed throughout the year, although precipitation is somewhat greater during March through July because of increased frequency and intensity of showers and thunderstorms. The average length of the growing season, or freeze-free period, ranges from 173 days in northeastern Indiana to 199 days in southwestern Indiana (National Oceanic and Atmospheric Administration, 1988). 
	The interaction of tropical and polar air masses over Indiana normally results in abundant precipitation; however, temperature and precipitation vary consid­erably from year to year depending on the frequency of stonns and frontal passages (National Oceanic and Atmospheric Administration, 1988). Average annual precipitation in Indiana ranges from 44 inches in the south to 36 inches in the northeast; average annual snowfall ranges from 10 inches in the south to 40 inches in northern Indiana. Average annual t
	Geology 
	The regional structural features of Indiana bed­rock include the Illinois Basin, the Michigan Basin, and the Cincinnati Arch (fig. 4). The two basins form the flanks of a saddle-like structure composed of the Cin­cinnati Arch and its branches, the Kankakee Arch and the Findlay Arch (in Ohio). The dip of the rocks into the 
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	two basins is about 10 to 30 ft/mi, although the dip can be less than 5 ft/mi at the top of the arches. Rocks of Ordovician, Silurian, Devonian, and Mississippian age crop out or are present as subcrops in both of the deposi­tional basins, whereas rocks of Pennsylvanian age are present in Indiana only in the lliinois Basin. The older rocks are typically present on the crest of the arch; the progressively younger rocks are present in each of the basins. Individual beds in many formations are thin at the cres
	Rocks of the Precambrian crystalline basement complex are found at estimated depths of 3,000 to 6,000 ft in the northeastern two-thirds of Indiana and 6,000 to 14,000 ft in the southwestern one-third (Rupp, 1991). Overlying the Precambrian bedrock is a Cam­brian section of sandstone with lesser amounts of siltstone, and shale that is approximately 1,000 ft thick in eastern Indiana to 3,000 ft thick in northwestern Indiana. The Cambrian rock composes about one-third of the Paleozoic section in Indiana (Shave
	Late Ordovician shale and limestone is exposed at the bedrock surface over large areas in southeastern Indiana (fig. 6). The shale and limestone range in thickness from approximately 500 ft in northwestern Indiana to 1,500 ft in southeastern Indiana (Shaver and others, 1986). The shale and limestone are unconformably overlain by Silurian limestone and dolomite. The Silurian rocks are present as subcrops or outcrops in east-central to northwestern Indiana (fig. 6), primarily along the axis of the Cincinnati 
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	The Silurian carbonate rocks are unconform­ably overlain by Devonian dolomite and limestone (fig. 6), which attain thicknesses of 250 ft toward the centers of the Illinois Basin and the Michigan Basin (fig. 4). The carbonate rock sequence is overlain primarily by shales and siltstones of Late Devonian and Early Mississippian age. These shales and siltstones are present as subcrops in the Michigan Basin in the northeastern part of the State (fig. 6) and attain thicknesses of 800 ft in places. They also are p
	The limestone is overlain in the southwestern one-third of Indiana by rocks of Early Mississippian age and Middle and Late Pennsylvanian age (fig. 6). The rocks are composed of sandstone, shale, and thin but extensive beds of limestone, clay and coal. The beds of clay and coal are generally found above a major unconformity between the Mississippian and Pennsylvanian rocks. These rocks range from 1,000 to 2,000 ft in thickness. 
	There was little known deposition in Indiana between the end of the Pennsylvanian Period and the beginning of the Quaternary Period. During this time, the land surface was mostly an erosional surface that consisted ofnorthwest-trending limestone plains, shale lowlands, and sandstone uplands (Wayne, 1966, 
	p. 27). Rivers were entrenched in the bedrock; the main preglacial river valley in north-central Indiana was the Lafayette Bedrock Valley System (Bleuer, 1989), also known as the Teays valley, which drained most of the northern one-half of the State (fig. 7). 
	than 400 ft of glacial debris during the Quaternary Period (Gray, 1983). 
	The earliest widespread evidence of conti­nental glaciation in Indiana was from glaciers of pre­Illinoian and Illinoian Age. They extended through the northern three-quarters of Indiana (fig. 3; Wayne, 1966, p. 33). These pre-Wisconsinan glaciers deposited at least eight till units in Indiana that comprise approximately 75 percent of the glacial deposits in the Tipton Till Plain (A.J. Fleming, Indiana Geological Survey, 1990, written commun.) The only known pre-Wisconsinan deposits exposed at the surface ar
	There were several glacial advances in Indiana during Wisconsinan time by three different ice lobes (fig. 8). The furthest advance in the State was by the Erie Lobe, which covered the northern two-thirds of Indiana. The ice, which formed the Shelbyville Moraine in southeastern Indiana, was followed by another advance of the ice that formed the Craw­fordsville Moraine (fig. 3). The two advances were from a northeastern source of ice and deposited till known as the Trafalgar Formation over large areas of cent
	The next major Wisconsinan advance involved three ice lobes that competed for space in the north­ern one-third of Indiana. The Saginaw and Erie Lobes (fig. 8) advanced across north-central Indiana and formed the Packerton Moraine (fig. 3). The Saginaw Lobe left behind a complex suite of deposits of till, ice-contact stratified drift, and outwash (Gray, 1989) and formed most of the lakes in Indiana (Wayne, 1966, p. 36). The Lake Michigan Lobe 
	The pre glacial topography of most of the northern (fig. 8) flowed out of the basin of Lake Michigan and two-thirds of the State was buried beneath 50 to more formed the Maxinkuckee Moraine (fig. 3). The lobe 
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	receded and built the Valparaiso Moraine (fig. 3) and a large outwash fan south of the moraine. The Erie Lobe crossed into northeastern Indiana and formed the Union City Moraine and a series of concentric moraines to the northeast of the Union City Moraine (fig. 3). The ice lobe primarily deposited a clay-rich till of the Lagro Formation between the moraines (Gray, 1989). 
	Since the recession of the glaciers from Indiana about 8,000 years ago, deposition has been minor. The principal postglacial change was the redistri­bution of sand and silt of the glacial flood plains into windblown dune and loess deposits. Muck, peat, and marl formed in swampy areas and alluvial deposits formed along the modem rivers (Wayne, 1966, p. 37). 
	Hydrogeology and Ground-Water Flow 
	In northern Indiana, large areas of sand and gravel deposits in outwash plains and valley trains are capable of yielding as much as 2,000 gal/min of ground water. In addition, large yields ( as much as several hundred gallons per minute) are available from productive Silurian and Devonian carbonate bedrock aquifers that underlie much of the area. 
	Significant ground-water resources are found in central Indiana along the valleys of the major rivers and streams (fig. 1). lntertill sand and gravel aquifers are present locally in the till plain throughout most of central Indiana. The Silurian and Devonian carbonate bedrock is a commonly used aquifer in central Indiana. 
	In the southern one-third of Indiana, major unconsolidated sources of ground water are limited to the valleys of the Wabash, White, Whitewater, and Ohio River systems (fig. 1). Mississippian, Devo­nian, and Silurian bedrock are sources of ground water in south-central and southeastern Indiana. Pennsylvanian sandstones are typically the most productive bedrock units in southwesten1 Indiana. Many areas in the southern one-third of the State lack 
	The productivity of different types of aquifers can differ greatly depending on certain fundamental characteristics. One fundamental characteristic of an aquifer is the ability to store water in pores. This porosity can be in the form of intergranular spaces as in sand and gravel; fractures and solution openings as in carbonate rocks; or intergranular spaces and fractures as in sandstones (Todd, 1980, p. 37-39). As unconsolidated sediment turns to stone, or becomes lithified, the original porosity of the se
	86 85' 
	,---
	I ' 
	' 
	I 
	I I 
	' ' ,-
	41 
	' 
	I 
	1 
	I 
	I 
	r 
	r 
	·-T tr--I gIc n I I
	1· 
	. 
	~ 
	I 
	_J_ 
	j gc 
	l T 
	4...1.0____,~ MLES KLOMETERS 
	, 
	38' 
	,-'-. 
	-
	, ' 
	_/ 
	EXPLANATION 
	\ I 
	L,,' 
	PENNSYLVANIAN SANDSTONE, SILURIAN LIMESTONE AND
	Base from U.S. Geological Survey digital data, 1 :500,000, 1983. SHALE, LIMESTONE, AND COAL DOLOMITE
	Lambert Conformal Conic Projection. Standard parallels 33° and 45°, central meridian -86° 
	MISSISSIPPIAN SHALE, OROIVICIAN SHALE ANO SILTSTONE, LIMESTONE. AND LIMESTONE 
	"O 
	::r 
	'<
	!!?. 
	0 
	~ C/) 
	:i' cc 
	2. Figure 6. Bedrock geology in Indiana. 
	::::, 
	C. 
	65' 
	::::, 
	SU 
	SANDSTONE 
	DEVONIAN SHALE, LIMESTONE, AND ODUM ITE 
	8 8° 
	87° 86° 85° 
	..... 
	.,,, 
	0 
	4 2 
	('·_,..;· 
	4f -t 
	0 
	r: ;/ L I 41 
	0 
	40 
	400 
	,
	I 
	0 50 KILOMETERS EXPLANATION
	~ ~ 2P 3;0 4f' ~MUS
	I I I I I 
	0 10 20 30 40 50 Kft..O~TERS --.,.__ 
	MORAINE 
	GENERAL DIRECTION OF ICE FLOW
	,,,,, 
	Figure 7. Location of buried bedrock valleys associated with the Lafayette 
	Bedrock System in northern Indiana (modified from Bleuer, 1989). Figure 8. Primary glacial lobes and their principal directions of flow In Indiana during the Wisconsinan Age (modified from Wright and Frey, 1965). 
	£/&~~~ 
	0 50 MILES 
	10 Hydrogeologic Atlas of Aquifers In Indiana 
	Aquifers traversed by perennial streams commonly contain thick, extensive sand and gravel deposits that can produce large quantities of water. These aquifers are generally bounded by the flood­plain edge or by valley terraces. The hydraulic conductivity of sand and gravel buried in till or in buried bedrock valleys may be similar to these river­channel deposits, but recharge to the buried aquifers can be restricted by overlying sediments. In addition, buried sand and gravel deposits in till and preglacial v
	General rates of ground-water flow through geologic material can range from a few feet per second to less than a few feet per year (Todd, 1980, p. 92), although rates are typically on the order of a few feet to a few hundred feet per year. Ground-water flow can have three separate components: local, interbasin, and regional. A schematic diagram of local and regional ground-water discharge and recharge is shown in 
	A. Pores in unconsolidated sand and gravel 
	B. Caverns and other solution-enlarged openings in limestone 
	C. Fractures in sedimentary rock 
	Figure 9. Types of openings in selected aquifers (modified from Heath, 1988). 
	Ground water in most surficial aquifers is at atmospheric pressure and is unconfined. Generally water only partly fills surficial aquifers, and water levels in the saturated zone are free to rise and decline (Heath, 1984, p. 6). All water pumped from an uncon­fined aquifer reaches the well through gravity draining, and the water is removed from storage. 
	Ground water in a confined aquifer fills the entire aquifer and is confined at higher than atmo­spheric pressure. The water is confined by overlying rocks and sediment that are substantially less perme­able than the aquifer rocks. The pressure in a confined aquifer forces water in a well screened in the aquifer to rise above the top of the aquifer. The pressure gradient that moves water in a confined aquifer to the pumped well is created by the compression of the aquifer material and the expansion of the wa
	The direction of local ground-water flow can be opposite from the direction ofregional flow, especially where aquifers are separated by geologic materials with low hydraulic conductivity. Generally, though, ground water tends to discharge to topographically low areas, such as rivers and wetlands. Discharge areas commonly cover 5 to 30 percent of the surface area of a watershed (Freeze and Cherry, 1979, p. 195-200). 
	Ground-Water Withdrawals 
	Most of Indiana has plentiful ground-water resources. The aquifers of Indiana contain approxi­mately 100,000 Bgal of water (Bechert and Heckard, 1966, p. 106). Statewide ground-water withdrawals in 1991 were only about 0.20 percent of this estimated amount in storage (Indiana Department of Natural Resources, 1993, written commun.). At an average of 39 in/yr. total annual precipitation in Indiana is about 24,500 Bgal. Annual infiltration into Indiana aquifers, at 8 percent ofprecipitation, equals 1,960 Bgal/
	2.500 Mgal/d (Bloyd. 1974, p. 12). In the two basins, withdrawals in 1991 were about 6 percent of the recharge and only about 1 percent of the ground water stored in the outwash and alluvial aquifers. 
	Total ground-water withdrawals from registered facilities in Indiana in 1991 was 204 Bgal, or an average of 559 Mgal/d. Withdrawals listed in table 1 are shown as totals and as daily averages (Indiana Department of Natural Resources, 1993, written commun.). Withdrawal-use categories in the table include energy, industrial, irrigation, public supply, rural supply, and miscellaneous. Categories not included in the table are domestic (self-supplied) and livestock. Also shown in table 1 is the capability of reg
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	Figure 10. Generalized local and regional ground-water-flow paths and components of the hydrologic cycle. 
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	More than 25,000 Mgal of ground water was withdrawn during 1991 in each of the White, St. Joseph, Middle Wabash, and Upper Wabash River basins. Amounts between 14,000 and 25,000 Mgal were pumped in the Ohio, Kankakee, and East Fork White River basins. Basins where between 3,000 to 7,500 Mgal were withdrawn in 1991 include Lake Michigan, Lower Wabash River, Whitewater River, and Maumee River. In the Patoka River basin, less than 32 Mgal of ground water were withdrawn in 1991. 
	METHODS OF STUDY 
	The Indiana Natural Resources Commission has divided the State into 12 water-management basins (fig. 1). The basin boundaries generally coincide with the surface-drainage divides of the major rivers in the State and with the State boundary. The management basins provide a hydrologic framework for surface­water and ground-water investigations in Indiana. The size of each basin (in square miles) is shown in table 2. Some river systems in Indiana drain into adjacent states. For these systems, the size of the w
	Construction of Hydrogeologic Sections 
	Five to thirteen hydrogeologic sections were drawn for each basin to show the generalized hydro­stratigraphy. Stratigraphic details in hydrogeologic sections are from water-well records on file at the IDNR Division of Water; well-completion reports and lithologic logs on file at the IDNR Division of Oil and Gas; coal-test drilling records available from the IDNR Geological Survey; State and Federal highway drilling logs; USGS observation-well logs; and core samples collected by the IDNR. After drilling a ho
	Table 1. Ground-water withdrawals and pumping capability in Indiana, 1991 wells can be plotted in adjacent uplands even though whereas the materials of low hydraulic conductivity 
	the uplands are within the 2-mile width of the section were labeled as nonaquifer material. Areas where the commun.; Mgal, million gallons; Mgal/d, million gallons per day] 
	line. Therefore, the surface topography depicts a valley geology is unknown are indicated by question marks. 
	Withdrawal Pumping capability 
	Daily (Mgal/d) (Mgal) 
	and does not reflect the actual relief along the section line. The hydrogeologic sections are generally drawn to a depth of 300 ft below the land surf ace or at least 50 ft below the bedrock surf ace, whichever is greater. Only a small percentage of the water wells in the State are greater than 300 ft deep. Therefore, relatively little information at greater depths is available. Further­more, use of water at depths greater than 300 ft is limited by low yields and salinity (W.J. Steen, Depart­ment of Natural
	Aquifer types depicted in the hydrogeologic sections are sand and gravel, carbonate rock, sandstone, an upper weathered zone in low permeability rock, and interbedded bedrock material. Most bedrock was depicted as aquifer only where it is known to produce water. (This information is available from drillers' logs and previous studies.) If the bedrock formations are potentially water producing, then the material is mapped as "aquifer-potential unknown." Much of the complexly interbedded bedrock of Mississippi
	Construction of Aquifer Maps 
	The maps showing lateral extent and continuity of aquifer types are based on interpretations of the hydrogeologic sections, on previously published surficial and bedrock geology maps, and on infor­mation available from previous studies of basin hydro­geology. The "Quaternary Geologic Map of Indiana" (Gray, 1989) was used to draw many of the surficial sand and gravel aquifers that were confirmed by the hydrogeologic sections. Bedrock geologic maps (Gray and others, 1987; Geosciences Research Associates, Inc.
	The lithostratigraphic approach used in this study to define hydrogeologic settings resulted in seven aquifer types. Sand and gravel deposits are designated as surficial, buried, or discontinuous on the aquifer maps. Surficial aquifer indicates that the aquifer is covered by less than 10 ft of nonaquifer material. Buried aquifer indicates that the sand and gravel is covered by 10 ft or more of nonaquifer material and that the deposits are continuous in at least one direction for several miles or more. Disco
	Methods of Study 13 
	White River St. Joseph River Middle Wabash River Upper Wabash River Ohio River Kankakee River East Fork White River Lake Michigan Lower Wabash River Whitewater River Maumee River Patoka River 
	104. 87.1 84.7 74.8 55.9 55.3 39.2 19.4 17.5 11.5 9.34 .086 
	37,800 31,800 30,900 27,300 20,400 20,200 14,300 7,090 6,390 4,200 3,410 
	31.5 
	524 607 366 518 263 574 254 
	96.4 206 
	53.6 
	81.6 
	0.3 
	TOTAL 559 204,000 3,540 
	are labeled with a "d" on the sections. A few wells in each basin represent the combined lithologic data from shallow water-supply well logs and nearby deep test­hole logs. These combined wells are labeled as test wells on the hydrogeologic sections. 
	In the first five basins for which hydrogeologic sections were completed (Lake Michigan, St. Joseph, Maumee, Upper Wabash, and Lower Wabash), all sections were oriented roughly perpendicular to the major surface-water drainage in each basin to depict ground-water discharge to surface water. The remaining seven basins included one or more sections perpendicular to the other sections in the basin. For convenience, most hydrogeologic section lines run south to north or west to east. Logs of wells located withi
	Water levels shown on wells in the cross sections represent the hydraulic head in the aquifer in which the well is completed. Some of the water levels are connected to represent the generalized potentiometric surface in an aquifer that is being tapped by a group of wells along the section. Water levels were not indicated for all of the wells because they were not available from all drillers' logs. The locations of all hydrogeologic sections presented in the atlas are shown in figure 11. The number of sectio
	The surface elevation shown on the hydrogeo­logic sections reflects the land surface at the well and does not necessarily portray the true topographic relief along the section line. For example, all the wells in a certain area might be located in a stream valley; no 
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	Figure 11. Location of hydrogeologic sections in the 12 water-management basins. 
	Table 2. Summary of basin areas and hydrogeologic section characteristics 
	[mi, square mile] 
	TOTAL 36,145 104 
	Statewide average 
	Limitations of the Methods 
	In areas where large numbers of well logs were available for plotting, the logs with the location nearest the section line, the most complete well­record information, and the deepest hole were chosen for the hydrogeologic sections. This search for strati­graphic and hydrologic information resulted in a bias toward deep wells and deep aquifers in many locations. 
	The hydrogeologic sections represent the inter­pretation of the well-log data by the author(s) for each basin. The sections do not represent the only possible explanation or representation of the hydro­geology at that location. The reliability of the sec­tions can vary within each basin depending on the 
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	99 98 1.0 375 214 0.6 
	3,496 4,225 11.2 
	quantity and quality of inf onnation on the drillers' logs. Logs were not always available at the desired density of two per mile. Some hydrogeologic sections include areas where only one well log is plotted in a 5-mile interval. 
	The interpretation of the well-log data on the hydrogeologic sections is a simplified picture of the geology on the section. Where lithologies change over short lateral distances, such as in the unconsoli­dated glacial deposits and the Pennsylvanian rocks, well logs spaced every 1/2 to 1 mi do not provide the needed information to depict detailed variations in geology. In the Pennsylvanian rocks, lithologies were commonly lumped together to avoid over-inter­pretation of well logs and, hence, a misleading an
	Many of the hydrogeologic sections contain logs of wells that were not drilled to the bedrock surface. In these areas, the topography of the bedrock surface was transferred from the "Map of Indiana Showing the Topography of the Bedrock Surface" (Gray, 1982). In these same areas, the bedrock geology and hydrostratigraphy was mapped with reference to the "Bedrock Geologic Map of Indiana" (Gray and others, 1987), the "Hydrogeo­logic Atlas of Indiana" (Geosciences Research Associates, Inc., 1982), structural ma
	Water levels shown on the hydrogeologic sections were measured at different times by different drillers in aquifers that are not necessarily hydrologi­cally connected. Water levels may also be a com­posite head from several aquifers or stratigraphic intervals, especially in uncased bedrock wells. 
	The aquifer map may not reflect the actual lateral extent and boundaries of the aquifer types. Because the section lines are 6 to 20 mi apart, the continuity of areas between the hydrogeologic section lines was extrapolated from the sections or inferred from published sources. 
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	LAKE MICHIGAN BASIN 
	By Joseph M. Fenelon 
	General Description 
	The Lake Michigan basin, located in the far northwestern part of Indiana, encompasses a land area of 604 mi(Hoggatt, 1975) within the northern halves of Lake and Porter Counties and the northern one-third of LaPorte County (fig. 12). In addition, the northern part of the basin includes a 241-miarea beneath Lake Michigan. Within the basin is a major urban and industrial area that includes the cities of Gary, Hammond, East Chicago, and Merrillville. 
	Previous Studies 
	The first comprehensive evaluation of the ground-water resources in the Lake Michigan basin was done in a series of reports on the geohydrology and ground-water potential of Lake, Porter, and LaPorte Counties. Rosenshein (1961 , 1962a) and Rosenshein and Hunn (1962) did preliminary evalua­tions of the ground-water resources in the three counties and tabulated well records for about 3,000 wells, including lithologic descriptions for about 1,200 of the wells and water-quality data from about 500 wells. The pr
	LaPorte Counties were described by Rosenshein Commission (1975), and Clark (1980). These in most of Lake County north of the Little Calumet (1963), Rosenshein and Hunn (1968a, 1968b), and authors described the major aquifers and the ground­River. They mapped the bedrock surface and the Hunn and Reussow ( 1968). These authors deter­water potential for the area. geometry of the surficial aquifer, and they described mined and mapped the geometry and potentiometric the flow and water quality in the aquifer. Num
	A comprehensive study on the water resources 
	surfaces of the aquifers, expected well yields, and studies have been done along Lake Michigan in the of the Lake Michigan basin is being done by the 
	general water quality. They also estimated hydraulic [ndiana Department of Natural Resources (J.E. 
	properties for the aquifers and associated confining Beaty, 1993, Indiana Department of Natural 
	units, and they determined sources and amounts of Resources, oral commun.). The Indiana Department 
	1986; Wilcox and others, 1986: Shedlock and others, 
	of Natural Resources is characterizing the ground­
	1987~ Thompson, 1987; Doss, 1991~ Shedlock,
	water availability, use, flow, and quality, and map­
	Wilcox, Thompson, and Cohen, 1993; Shedlock, 
	ping the bedrock elevation, and the geometry and 
	Cohen, Imbrigiotta, and Thompson, in press). Many
	areal extent of the primary aquifers. 
	of these studies are site specific, but together they future use, and qualitatively mapped the potential for Detailed studies have been done on the uncon­constitute a detailed description of the unconsoli­aquifer contamination. General descriptions of the solidated deposits of most of the Lake Michigan dated aquifers and their associated flow paths and aquifers in the Lake Michigan basin have been shoreline. Watson and others (1989) and Fenelon water quality within the Indiana Dunes National 
	written by Harrell ( 1935), the Great Lakes Basin and Watson (1993) studied the surficial sand aquifer Lake shore. 
	I I 
	8 6° 30' 
	1H' 11'
	40 , ~• • I L~l~OIS /MICHIGAN 
	1 45 
	R.9W . ~INDIANA -••----• • -----u
	1F' 
	,870 30• N
	• j 1A I \ G p.. 87° \ ! hit ing ' 4 k £" .i ~\ 1£' 86° 30' 
	_ • ..,--. \'I' R.6 W. I
	____AH
	T. .37 N. I• • o 18' Ogden 1D' _ f! . 0
	• Beverly ! 1 
	Eost -1-. 1C' Dunes if , Sho res Hommondt>_j___ Ch;cogo U.--J ~ • • oJ,.~ -"• -~ • •• I I • 
	~ 
	:, 
	EXPLANATION 
	---• • -WATER-MANAGEMENT-BASIN BOUNDARY 
	TRACE OF HYDROGEOLOGIC SECTION (Sec tions shown in figure 16 .) 
	41° .30'-o N WATER-SUPPLY WELL 
	Dyer, ·~ 1·4,0 30' 
	■ 87° 
	TEST HOLE
	• 
	87° .30' 
	T. 34 N. SCALE 1:500,0 0 0 
	o 5 10 15 MILES
	I I I
	t I I
	Base from U.S. Geological Survey 1C 
	o s 10 15 KILOMElERS 
	State Base Map, 1 :500,000, 1974 
	Figure 12. Location of section lines and wells plotted in the Lake Michigan basin. 
	Lake Michigan Basin 17 
	Physiography 
	The Lake Michigan basin lies within the Calumet Lacustrine Plain, Valparaiso Morainal Area, and Kankakee Outwash and Lacustrine Plain, which are part of the Northern Moraine and Lake Region. The Kankakee Outwash and Lacustrine Plain, located in the extreme southeastern part of the basin, is dis­cussed in the section on the Kankakee River basin in this report. The Calumet Lacustrine Plain (fig. 13), in the northern part of the Lake Michigan basin, occupies the lake bottom of the former glacial Lake Chicago-a
	South of the Calumet Lacustrine Plain is the Valparaiso Morainal Area (fig. 13). composed of an arc-shaped end moraine complex that parallels the southern shore of Lake Michigan from Illinois, through northwestern Indiana, and into Michigan. The morainal complex is made up of several terminal moraines of Wisconsinan age including the Valpa­raiso and Tinley Moraines (fig. 13), which mark terminal positions of the Lake Michigan Lobe (Bretz, 1955, p. 106-108). The Valparaiso Morainal com­plex is about 150 ft h
	EXPLANATION 
	, , 7 •
	· 
	Figure 13. Physiographic units and moraines in the Lake Michigan basin. 
	Surface-Water Hydrology to 20 ft/mi. About 3,500 ft of the sedimentary bed­rock is of Cambrian or Ordovician age. The Cam­
	The entire drainage area for Lake Michigan is 
	of land in Indiana, Illinois, Wisconsin, and Michigan 
	stone in the upper part (Rosenshein and Hunn, 1968a, 
	Within Indiana, the Lake Michigan basin has an area 
	River (fig. 12), which flows approximately parallel to 
	the Lake Michigan shoreline and discharges to Lake Michigan through a ditch on the western side of 
	Porter County. The major tributaries to the Little 
	Salt Creek. Each tributary originates on the Valpa­
	raiso Moraine and flows north to the Little Calumet 
	River. The eastern part of the Lake Michigan basin 
	in LaPorte County is drained by smaller creeks that 
	include reef facies in the upper part. 
	The Devonian rocks consist of dolomite and 
	Geology 
	limestone overlain by shale; these rocks contain the Muscatatuck Group and the Antrim and Ellsworth
	Bedrock Deposits 
	Shales. The Muscatatuck Group overlies the Silurian 
	Overlying Precambrian bedrock in the Lake carbonate rocks; it is absent where Silurian rocks are Michigan basin is more than 4,000 ft of sedimentary exposed at the bedrock surface, and it is as much as bedrock (Rosenshein and Hunn, 1968a, p. 7; Hartke 200 ft thick elsewhere (Shaver, 1974, p. 5). The and others, 1975, p. 4) that dips northeast at about 10 Group is composed of a wide variety of impure to 
	1986, p. 42). 
	The bedrock surface is a preglacial erosional feature that has been further modified by glacial erosion. The Silurian and Devonian carbonate rocks exposed at the bedrock surface contain significant fractures and solution features in the upper 100 ft (Rosenshein and Hunn, 1968a, p. 10; Great Lakes Basin Commission, 1975, p. 24; Hartke and others, 1975, p. 4). 
	Unconsolidated Deposits 
	The unconsolidated deposits in the Lake Michigan basin are largely the result of glacial, glaciofluvial, shallow-water coastal and lake, wet­land, and wind-blown sedimentation. They consist of clay-rich till, sand and gravel outwash, sand beaches and dunes, lake silt and clay, and peat. Thicknesses of unconsolidated deposits range from about 50 ft near the Indiana-Illinois State line to about 350 ft at the basin divide south of Michigan City (fig. 15). The Lake Michigan basin is overlain in most areas by tw
	The lowest unit overlies bedrock and is pri­marily a dense, clay-loam till that contains zones of intertill sand and gravel. This unit, which ranges in thickness from Oto more than 100 ft, was formed by Wisconsinan and possibly pre-Wisconsinan glaciers that advanced through the basin. The basal part of the unit contains 0 to 15 ft of sand and gravel that fill the deepest parts of preglacial bedrock valleys. 
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	Thicknesses range from 0 to 70 ft and average about 30 ft. The surficial aquifer is recharged primarily 
	86» JO' 
	from precipitation and from ground water flowing up
	I NOIANA -----•• ____... 
	,87° .30' 
	Ogden Dunes 
	Hammond 
	Base from U.S. Geological Survey State Base Map, 1 :500,000, 1974 
	Figure 17. Extent of aquifer types in the Lake Michigan basin. 
	Unconsolidated Aquifers 
	Burled Sand and Gravel Aquifers 
	Buried sand and gravel aquifers are found in more than three-fourths ofthe basin (fig. 17). Most of the buried aquifers are part of a glaciofluvial sand aquifer, which is shown on the southern one-half to two-thirds of sections lA-lA' to lF-lF' (fig. 16). The aquifer as shown in the sections consists of sand bodies that are continuous for 3 to 6 mi in a north­south direction. These sand bodies are probably more continuous parallel to Lake Michigan and the Valparaiso Moraine. The buried glaciofluvial aquifer
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	BURIED SAN O AND GRAVEL AQU IFER 
	DISCONTINUOUS SAND AND GRAVEL AQUIFER--Gen erolly thin lenses of buried sond ond grovel 
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	BOUNDARY 
	The glaciofluvial sand aquifer is overlain by a surficial till in most areas on the Valparaiso Morainal complex. Till thickness ranges from Oto about 100 ft and is typically 20 to 50 ft. The aquifer is recharged primarily from the overlying till. The aquifer dis­charges to the land surface through the overlying till and to the bedrock through a basal till (Rosenshein and Hunn, l968b). ln sections lF-lF' and 10-10' (fig. 16), north of the Valparaiso Moraine, hydraulic heads in the buried sand and gravel are 
	Several localized buried aquifers are between sections 1D-lD' and lF-lF' in the northern part of the basin. These aquifers have been studied by a number of investigators (Wilcox and others, 1986; Shedlock and others, 1987; Shedlock, Wilcox, Thompson, and Cohen, 1993; Shedlock, Cohen, lmbrigiotta, and Thompson, in press) and have been named the "subtill" and "basal" aquifers. The "subtill" aquifer, shown on section IE-IE' in 
	NOTE: This map is designed far regional 
	evaluations and shou ld not be the 
	basis for evaluation of specific sites 
	T. 37 N. (fig. 16), is buried beneath a surficial till and overlies another till. The aquifer extends almost 5 mi and is about 30 ft thick in section lE-lE'. Beneath the underlying till in places is the "basal" aquifer, which extends about 2 mi in section lE-1E' and is about 50 ft thick. 
	Unmapped intertill sands and gravels in the basal and surficial tills in the southern one-half ofthe basin also contribute water to wells locally. Yields of some of these aquifers are high, but the aquifers are not extensive (Rosenshein and Hunn, 1968a; 1968b). 
	Surflcial Sand and Gravel Aquifer 
	The unconsolidated surficial aquifer in the northern one-half of the basin is composed of glacio­lacustrine and wind-blown sand. The aquifer extends south about 2 to 5 mi from the Lake Michigan shore­line in the eastern part of the basin and up to 10 mi from the shoreline in the western part of the basin. 
	from the basal till in the eastern part of the basin. Most discharge goes to streams, ditches, Lake Michi­gan, and to evapotranspiration (Rosenshein and Hunn, 1968b; Shedlock and others, 1987; Fenelon and Watson, 1993). The aquifer is used very little as a source of water in the western part of the basin because of its proximity to Lake Michigan, the major source of drinking water in the area. The aquifer is also rarely used because of its thin saturated zone (20 to 30 ft) and its susceptibility to contamin
	The surficial aquifer extends for an undeter­mined distance beneath Lake Michigan. Sand or gravel has been found on the lake bottom at widely spaced sampling points within the State boundaries (Schneider and Keller, 1970). The distribution of sand and gravel indicates that the aquifer could extend more than 5 mi into the Lake, although insuf­ficient data are available to map the areal extent or thickness. 
	Discontinuous Sand and Gravel Aquifers 
	Discontinuous buried sand and grave] aquifers are present in the northeastern part of the basin and are shown in the central part of section 10-1G' (fig. 16). Although the deposits are discontinuous, they are common enough that sources of domestic water supply are easy to find. Some of the discon­tinuous aquifers are in the deep bedrock valleys in the northeastern part of the basin. Section 10-1O' (fig. 16) crosses several of the valleys that are 200 to 300 ft below land surface and have about 100 ft of rel
	Summary
	Table 3. Characteristics of aquifer types in the Lake Michigan basin [>, greater than; <, less than; locations of aquifer types shown in fig. 17] 
	The Lake Michigan basin includes 604 miof land within the northern parts of Lake, Porter, and Thickness Range of yield Common name(s) LaPorte Counties and a 241-miarea beneath Lake (feet) (gallons per Michigan in northwestern Indiana. The land is minute) 
	covered by a sandy lake plain overlying a basal till in 
	Surficial sand 0-70 1,210-500 Buried sand and gravel 10-200 12AJ0->500 
	Discontinuous sand and gravel 0•>100 0-500 Carbonate rock 400• 800 <10-400 
	2
	Calumet aquifer; Unit 1, 
	Valparaiso aquifer3; Unit 3 l, ; Subtill and basal aquifersUnit 3•Silurian-Devonian carbonate 
	aquifer 
	the northern part of the basin and the till-capped Valparaiso Morainal complex to the south. The till covers a glaciofluvial sand that overlies a basal till. Silurian and Devonian carbonate bedrock is present as subcrop in the western part of the basin but is over­lain by Devonian and Mississippian shales further east. 
	Rosenshein and Hunn, 1968a. 
	Rosenshein and Hunn, 1968b. 
	Hartke and others, 1975. 
	Clark, 1980. 
	Shedlock, Cohen, Imbrigiotta, and Thompson, in press. 
	Discontinuous surficial deposits are present throughout the southeastern part of the basin. Most of these deposits are in morainal areas and are a complex mix of ice-contact stratified drift and till. The deposits may contain surficial aquifers, which can be local to extensive and range from a few feet to more than 100 ft in thickness as in T. 37 N. of section lG-lG' (fig. 16). The discontinuous surficial aquifers are usually not used as a source of water because sources in the underlying buried aquifers ar
	Bedrock Aquifers 
	Carbonate Bedrock Aquifer 
	Silurian and Devonian carbonate bedrock is the principal bedrock aquifer in the Lake Michigan basin. Although the carbonate bedrock aquifer is present throughout the basin (including the part covered by Lake Michigan), it is used mostly in the western part of the basin (sections lA-lA' and lB-lB' in fig. 16). 
	Generally, wells penetrate only the upper 100 ft of the permeable carbonate bedrock. East of section lB-lB' (fig. 16), the aquifer is little used because of the avail­ability of water in the unconsolidated aquifers, the increasing depth to the bedrock aquifer, and the poten­tially high concentrations of dissolved solids (Rosen­shein and Hunn, 1968b, p. 5). The area where the carbonate bedrock aquifer is generally less than 300 ft below land surface is mapped in figure 17; however, the aquifer is not necessa
	Devonian and Mississippian shales and(or) the lower till unit confine the top surface ofthe carbonate bedrock aquifer throughout most of the basin. The bottom surface of the carbonate bedrock aquifer is underlain at depths of greater than 600 ft by 200 to 250 ft of shale interbedded with some limestone (Gray, 1972). The underlying shale functions as a confining unit for a deeper Ordovician and Cambrian aquifer system (not shown on fig. 17 or in hydrogeo­logic sections). Although the deeper aquifer is tapped
	Four aquifer types were delineated in the Lake Michigan basin: (1) surficial sand and gravel, 
	(2) buried sand and gravel, (3) discontinuous sand and gravel, and (4) carbonate bedrock. The primary aquifer, present in the southern one-half of the basin, is a buried glaciofluvial sand aquifer whose average thickness is 50 ft; it can yield more than 500 gal/min. The aquifer, which is covered by Oto 100 ft of surfi­cial till, overlies a basal till. Other buried sand and gravel aquifers are found in the northeastern part of the basin and in some of the buried bedrock valleys. A thin but extensive surficia
	Regional ground-water discharge from all the aquifers is to Lake Michigan. Locally, however, ground water is commonly discharged through evapotranspiration or by flow to streams, ditches, and pumped wells in the area. 
	Lake Michigan Basin 23 
	References Cited 
	Bretz, J.H., 1955, Geology of the Chicago region, part II-the Pleistocene: Illinois State Geological Survey Bulletin 65, 132 p. 
	Clark, G.D., ed., 1980, The Indiana water resource­availability, uses, and needs: Indianapolis, Governor's Water Resources Study Commission, Indiana Department of Natural Resources, 508 p. 
	Cohen, D.A., and Shedlock, R.J., 1986, Shallow ground­water flow, water levels, and quality of water, 1980-84, Cowles Unit, Indiana Dunes National Lakeshore: U.S. Geological Survey Water­Resources Investigations Report 85-4340, 25 p. 
	Doss, P.K., 1991, Physical and chemical dynamics of the hydrogeologic system in wetlands along the southern shore of Lake Michigan: Dekalb, Ill., Northern Illinois University, Doctoral dissertation, 267 p. 
	Fenelon, J.M., and Watson, L.R., 1993, Geohydrology and water quality of the Calumet aquifer in the vicinity of the Grand Calumet River/Indiana Harbor Canal, northwestern Indiana: U.S. Geological Survey Water-Resources Investigations Report 4115, 151 p. 
	Gray, H.H., 1972, Lithostratigraphy of the Maquoketa Group (Ordovician) in Indiana: Indiana Department of Natural Resources, Geological Survey Special Report 7, 31 p. 
	__1983, Map of Indiana showing thickness of uncon­solidated deposits: Indiana Department of Natural Resources, Geological Survey Miscellaneous Map 37, scale 1:500,000. 
	__1989, Quaternary geologic map ofIndiana: Indiana Department of Natural Resources, Geological Survey Miscellaneous Map 49, scale 1 :500,000. 
	Gray, H.H., Ault, C.H., and Keller, S.J., 1987, Bedrock geologic map of Indiana: Indiana Department of Natural Resources, Geological Survey Miscellaneous Map 48, scale 1 :500,000. 
	Great Lakes Basin Commission, 1975, Great Lakes basin framework study-appendix 3, geology and ground­water: Ann Arbor, Mich., 152 p. 
	Harrell, Marshall, 1935, Ground water in Indiana: Indiana 
	Hartke, E.J., Hill, J.R., and Reshkin, Mark, 1975, Environmental geology of Lake and Porter Counties, Indiana-an aid to planning: Indiana Department of Natural Resources, Geological Survey Special Report 11, Environmental Study 8, 57p. 
	Hoggatt, R.E., 1975, Drainage areas of Indiana streams: 
	U.S. Geological Survey, 231 p. 
	Hunn, J.D., and Reussow, J.P., 1968, Preliminary evalu­ation of the ground-water resources in the Calumet­Kankakee hydrologic area-appendix to the State Water Plan: Indiana Department ofNatural Resources, Division of Water Resources, 39 p. 
	Meyer, William, and Tucci, Patrick, 1979, Effects of seepage from fly-ash settling ponds and construction dewatering on ground-water levels in the Cowles Unit, Indiana Dunes National Lakeshore, Indiana: 
	U.S. Geological Survey Water-Resources Investiga­tions 78-138, 95 p. 
	Rosenshein, J.S., 1961, Ground-water resources of north­western Indiana-preliminary report, Lake County: Indiana Department of Conservation, Division of Water Resources, Bulletin 10, 229 p. 
	__l 962a, Ground-water resources of northwestern Indiana-preliminary report, Porter County: Indiana Department of Conservation, Division of Water Resources Bulletin 12,131 p. 
	__1962b, Geology of Pleistocene deposits of Lake County, Indiana: U.S. Geological Survey Professional Paper 450-D, Article 157, p. Dl27-Dl29. 
	__1963, Recharge rates of principal aquifers in Lake County, Indiana: Ground Water, v. 1, no. 4, p. 13-20. 
	Rosenshein, J.S., and Hunn, J.D., 1962, Ground-water resources of northwestern Indiana-preliminary report, LaPorte County: Indiana Department of Conservation, Division of Water Resources Bulletin 13, 183p. 
	__l 968a, Geohydrology and ground-water potential of Lake County, Indiana: Indiana Department of Conservation, Division of Water Resources Bulletin 31,35p. 
	Department of Conservahon, Division of Geology ___1968b, Geohydrology and ground-water potential of Publication 133, 504 p. Porter and LaPorte Counties, Indiana: Indiana 
	24 Hydrogeologic Atlas of Aquifers in Indiana 
	Department of Conservation, Division of Water 
	Resources, Bulletin 32, 22 p. 
	Schicht, R.J., Adams, J.R., and Stall, J.B., 1976, Water resources availability, quality, and cost in north­eastern Illinois: Illinois State Water Survey Report of Investigation 83, 90 p. 
	Schneider, A.F., 1966, Physiography, in Lindsey, A.A., ed, Natural features of Indiana: Indianapolis, Indiana Academy of Science, p. 40-56. 
	Schneider, A.F. and Keller, S.J., 1970, Geologic map of the 1 ° x 2° Chicago Quadrangle, Indiana, Illinois, and Michigan, showing bedrock and unconsolidated deposits: Indiana Geological Survey Regional Geologic Map 4, Chicago Sheet, Part B, scale l:250,000. 
	Shaver, R.H., 1974, The Muscatatuck Group (new Middle Devonian name) in Indiana: Indiana Department of Natural Resources, Geological Survey Occasional Paper 3, 7 p. 
	Shaver, R.H.; Ault, C.H.; Burger, A.M.; Carr, D.D.; Droste, J.B.; Eggert, D.L.; Gray, H.H.; Harper, Denver; Hasenmueller, N.R.; Hascnmucller, W.A.; Horowitz, A.S.; Hutchison, H.C.; Keith, B.D.; Keller, S.J.; Patton, J.B.; Rexroad, C.B.; and Wier, C.E.; 1986, Compendium ofPaleozoic rock-unit stratigraphy in Indiana-a revision: Indiana Department of Natural Resources, Geological Survey Bulletin 59, 203 p. 
	Shedlock, R.J., and Harkness, W.E., 1984, Shallow ground-water flow and drainage characteristics of the Brown ditch basin near the East Unit, Indiana Dunes National Lakeshore, Indiana, 1982: 
	U.S. Geological Survey Water-Resources Investigations Report 83-4271, 37 p. 
	Shedlock, R.J., Loiacono, N.J., and lmhrigiotta, T.E., 1987, Effects of ground water on the hydrochemistry of wetlands at Indiana Dunes, northwest Indiana, in Interdisciplinary approaches to wetlands research: Michigan State University Press, Wilcox, D.A., and Herrman, R., eds., East Lansing, Mich., p. 37-55. 
	Shedlock, R.J., Wilcox, D.A., and Thompson, T.A., and Cohen, D.A., 1993, Interactions between ground water and wetlands, southern shore of Lake Michigan, USA: Journal of Hydrology, v. 141, p. 127-155. 
	Shedlock, RJ., Cohen, D.A., Imbrigiotta, T.E., and Thompson, T.A., in press, Hydrogeology and hydro
	Thompson, T.A., 1987, Sedimentology, internal archi­tecture and depositional history ofthe Indiana Dunes National Lakeshore and State Park: Bloomington, Ind., Indiana University, Doctoral dissertation, 129p. 
	Vig, R.J., 1962, Geology of the unconsolidated deposits of Lake County, Indiana: Grand Forks, N.D., University of North Dakota, unpublished Masters thesis, 56 p. 
	Visocky, A.P., Sherrill, M.G., and Cartwright, Keros, 1985, Geology, hydrology, and water quality of the Cambrian and Ordovician systems in northern Illinois: Illinois State Geological Survey and Illinois State Water Survey Cooperative Groundwater Report 10, 136p. 
	Watson, L.R., Shedlock, R.J., Banaszak, K.J., Arihood, L.D., and Doss, P.K., 1989, Preliminary analysis of the shallow ground-water system in the vicinity of the Grand Calumet River/Indiana Harbor Canal, northwestern Indiana: U.S. Geological Survey Open-File Report 88-492, 45 p. 
	Wilcox, D.A., Shedlock, R.J., and Hendrickson, W.H., 1986, Hydrology, water chemistry, and ecological relations in the raised mound of Cowles Bog: Journal of Ecology, v. 74, p. 1103-1117. 
	summary of ground-water sources and occurrence for each county of the State was compiled by Harrell (1935). Klaer and Stallman (1948), Stallman and Klaer (1950), and Rosenshein and Hunn (1962) described ground-water resources of the South Bend area, Noble County, and St. Joseph County. The geohydrology and ground-water potential of St. Joseph County was also described by Hunn and Rosenshein (1969). Pettijohn (1968) provided data on the occurrence, availability, and chemical quality 
	ST. JOSEPH RIVER BASIN 
	By Kathleen K. Fowler 
	General Description 
	The St. Joseph River basin, which encom­passes an area of 1,699 miin northeastern Indiana, is part of the St. Lawrence drainage system. The basin includes all of Lagrange County, most of Elkhart, Steuben, and Noble Counties, and parts of St. Joseph, Kosciusko, and Dekalb Counties. The St. Joseph River flows into Indiana in Elkhart County and flows out of the State in St. Joseph County. Major cities within the basin are South Bend, Mishawaka, Elkhart, Goshen, Kendallville, and Angola (fig. 18). 
	Previous Studies 
	Studies of the ground-water resources of the St. Joseph River basin have been published since the late 1890's. Leverett (1899) compiled a report on the wells of northern Indiana that was used as a reference for many years. Capps (1910) produced one of the first investigations of the quantity, quality, and distri­bution of ground water in north-central Indiana. A 
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	quality, and use in the St. Joseph River basin were described by the Indiana Department of Natural Resources (1987). 
	Physiography 
	The St. Joseph River basin is part of the Northern Moraine and Lake Region physiographic area as described by Malott ( 1922, p. 112) and Schneider (1966, p. 42). This region has been divided into five physiographic units. Two units, the Kan­kakee Outwash and Lacustrine Plain and the Steuben Morainal Lake Area. compose the St. Joseph River basin (fig. 19). 
	The topography of the basin is variable; land­surface altitudes range from 700 ft near South Bend to 1,100 ft north of Angola. The Kankakee Outwash and Lacustrine Plain, recently described as the Kan­kakee Lowlands (Indiana Department of Natural Resources, 1987, p. 12), lies in the northwestern part of the basin and extends into eastern lllinois and southwestern Michigan. Prior to the glacial retreat from the Great Lakes drainage basin, the St. Joseph 
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	Morainal areas from Gray, 
	River drained southwest to the Kankakee River. After the St. Lawrence River became free of ice, the St. Joseph River drainage was captured and drainage direction reversed downstream of South Bend. 
	Much of this area is a poorly drained, level plain covered by fine-grained alluvium and underlain by thick outwash sand and gravel. Much of the sand and gravel was deposited in the form of broad valley trains and outwash plains by glacial meltwaters at several different times during the late Wisconsin glaciation (Schneider, 1966, p. 52). Sand transported by the wind, and formed into dunes, overlies the outwash in parts of this area. 
	The Morainal Lake Area, located south and east of the Kankakee Outwash and Lacustrine Plain, has a more complex physiography. Glacial and post­glacial activity have produced the present land­forms. Some of the glacial landforms include: knob­and-kettle topography (which forms basins for the many lakes and peat bogs characteristic of north­easten1 Indiana), kames (composed of ice-contact sand and gravel deposits), meltwater channels, small 
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	II
	WATER-MANAGEMENT-BASIN BOUNDARY 
	lake plains, and dunes (Schneider, 1966, p. 52-53). The Maxinkuckee Moraine and the Packerton Moraine (fig. 3) near the southwestern and southern edges of the basin have traditionally been recognized as the major uplands formed by the recession of the Saginaw Lobe (fig. 8). Recent evidence indicates that the Maxinkuckee Moraine was formed by the recession of the Lake Michigan Lobe (fig. 8) and that the Packerton Moraine is a recessional feature of the Erie Lobe (Bleuer and Melhorn, 1989, p. 44). The Mississ
	100 to 150 ft is common; relief in areas of kame deposits can be as much as 200 ft. 
	Surface-Water Hydrology 
	The St. Joseph River drains 1,699 miin Indiana and 2,586 miin southern Michigan. The river begins in a morainal area near Hillsdale, Mich., flows generally to the southwest, then to the north through South Bend, Ind., and empties into Lake Michigan near Benton Harbor, Mich. Forty-one miles of the St. Joseph River are in Indiana (fig. 18). The average channel gradient is approximately 
	2.5 ft/mi (Indiana Department of Natural Resources, 1987, p. 1 and 21). The major tributaries of the St. Joseph River are the Elkhart, Pigeon, and Fawn Rivers. Minor tributaries with greater than 100 miof drainage include North Branch of the Elkhart River, Turkey Creek, Little Elkhart River, and South Branch of the Elkhart River. 
	Geology 
	Bedrock Deposits 
	Four thousand feet of sandstones, siltstones, shales, limestones, and dolomites of Cambrian, Ordovician, Silurian and Devonian ages overlie Precambrian igneous and metamorphic basement rocks in the St. Joseph River basin. Paleozoic shale and limestone are present at the bedrock surface throughout the St. Joseph River basin in Indiana (fig. 20). A gently rolling bedrock surface is inter­spersed with a few entrenched, preglacial valleys. Bedrock is overlain by thick glacial drift throughout the basin. Bedrock
	Devonian carbonate rocks of the Muscatatuck Group are present at the bedrock surface in relatively small areas in Kosciusko and Noble Counties in the extreme southern part of the basin (fig. 20). The Devonian carbonate rocks and underlying Silurian carbonate rocks form a 400 to 900 ft thick carbonate rock sequence (Bassett and Hasenmueller, 1978 and 1979). Overlying the carbonate rock is the Antrim Shale of Devonian age. The Antrim Shale is present 
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	at the bedrock surf ace in the southern part of the Unconsolidated Deposits channels beyond the melting ice front, as krune and logged wells plotted along the section lines is 1.4 basin. This shale is typically brownish-black and esker deposits within the ice sheet, and as lenticular wells per mile. The St. Joseph River basin is covered by thick,
	noncalcareous. Thickness of the Antrim Shale ranges 
	unconsolidated glacial deposits (fig. 21). These
	from Oto greater than 220 ft in the St. Joseph River The St. Joseph River basin is an area of highly 
	deposits are the result of several glacial periods, but 
	brownish-black shale. The upper part is a grayish­
	less than 40 ft to greater than 200 ft. The Coldwater 
	Although, the thickness of the drift in this basin figure 18. All hydrogeologic sections are oriented Other unconsolidated aquifers are the discontinuous Shale of Early Mississippian age is present in the 
	ranges from 100 ft to 500 ft, thicknesses of 200 ft to from south to north and were drawn at intervals of 8 lenses of sand and gravel distributed across the cen­400 ft are typical (Reussow and Rohne, 1975) to 12 mi. The seven hydrogeologic sections of the tral and southern parts of the basin. Buried preglacial (fig. 21 ). Drift thickness generally increases from St. Joseph River basin have a combined length of bedrock valleys, where they are filled with sand and shale stringers in the lower part. Thickness 
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	Figure 21. Thickness of unconsolidated deposits in the St. Joseph River basin. 
	basin, ground-water flow in the unconsolidated aqui­The surficial sand and gravel aquifers consist mostly fers is generally toward the St. Joseph River and its of outwash, outwash-fan deposits, isolated hills and tributaries. The four aquifer types mapped in the ridges of ice-contact stratified drift, and Holocene 
	St. Joseph River basin (fig. 23) are summarized in table 4. The table includes range of thickness, range 
	greatest in the north and east and in the vicinity of ofyields, and aquifer names commonly used by other 
	buried bedrock valleys. Thicknesses of surficia] sand authors. 
	and gravel aquifers range from a few feet in section 2C-2C', T. 37 N. (fig. 22), to 160 ft in section 2B-2B', T. 37 N. (fig. 22). Precipitation is the 
	Unconsolidated Aquifers 
	principal source of recharge to the surficial sand and gravel aquifers. 
	Surficial Sand and Gravel Aquifers 
	Surficial sand and gravel aquifers are present in approximately half of the basin (fig. 23) and are Most of the buried sand and gravel aquifers are shown in all seven hydrogeologic sections (fig. 22). composed of outwash-related material. They are 
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	found in more than one-third of the basin. but they are predominantly in the northeastern and central parts of the basin, as seen in section 2C-2C', Tps. 35 and 37 N., eastward to section 2G-2G' (fig. 22). Small areas of buried sand and gravel are shown at the southern end of section 2A-2A' (fig. 22). Much of the buried sand and gravel aquifer lies beneath the surficial sand and gravel aquifer. A clay layer of variable thickness separates these two aquifers. 
	Sand and Gravel Within Buried Pregfacial Bedrock Valleys 
	Buried preglacial bedrock valleys are located in two areas of the basin. The far northern parts of sections 2B-2B' and 2D-2D', T. 38 N., (fig. 22) show the depths and thicknesses of parts of these 
	p. 8). The buried bedrock valley beneath the Pigeon River in section 2D-2D' (fig. 22) is filled mostly with nonaquifer material. 
	Discontinuous Sand and Gravel Aquifers 
	Discontinuous sand and gravel aquifers under­lie approximately halfofthe basin. This aquifer type, which is present across the central one-third and 
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	composed of two physiographic units: the Kankakee Outwash and Lacustrine Plain and the Steuben Morainal Lake Area. The gently rolling bedrock sur­face of the basin is composed of shale and limestone. The entire basin is overlain by drift. This unconsoli­dated drift was deposited during the advances and retreats of Wisconsinan and older glaciations. The glacial drift generally thickens from west to east. 
	Four unconsolidated aquifer types are present in the St. Joseph River basin. The primary aquifer types are the surficial sands and gravels of the north­ern one-third and central parts of the basin and the buried sands and gravels of the northern and central 
	Figure 23. Extent of aquifer types in the St. Joseph River basin. 
	southern boundaries of the basin, is shown in hydro­Bedrock Aquifers geologic sections 2B-2B' to 2G-2G' (fig. 22). In general, this is an area of loam till and morainal topography (Gray, 1989). The discontinuous lenses 
	in the St. Joseph River basin. However, in over half of sand and gravel are variable in size but are typi­
	of the area the potential bedrock aquifers are more cally thin and used locally for domestic and agricul­
	than 300 ft below the land surface. Therefore, aqui­tural wells. In some areas, however, individual zones 
	fers in the unconsolidated drift are more accessible. 
	can be as thick as 60 ft, as shown in section 2E-2E', 
	not shown on the aquifer map (fig. 23) for the St. Joseph River basin. 
	The Silurian and Devonian carbonate rock sequence has the greatest potential as a bedrock source of ground water (Gray, 1973). At present, the 
	10 15 25 KILOM ETERS 
	carbonate bedrock is not used as a source of ground water because of the relative abundance of aquifers in the glacial drift. The other bedrock unit with aquifer potential, the Coldwater Shale of Mississippian age, is at the bedrock surface in the northeastern part of the basin (fig. 20). Isolated pockets of sandstone within this unit have a potential for domestic or light­industrial water supply (Gray, 1973). 
	Summary 
	The St. Joseph River basin encompasses 1,699 miin northeastern Indiana. The basin is 
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	Table 4. Characteristics of aquifer types in the St. Joseph River basin Capps, S.R., 1910, The underground waters of north­Leverett, Frank, 1899, Wells of northern Indiana: U.S. 
	[<,less than; locations of aquifer types shown in fig. 231 
	Surficial sand and gravel 0-160 
	Buried sand and gravel 5-90 
	Sand and gravel in buried 20-480 bedrock valley 
	Discontinuous sand and gravel <5-80 
	Hunn and Rosenshein, 1969. lndiana Department of Natural Resources, 1987. Pettijohn, 1968. 
	parts. Minor aquifer types include the buried pre­glacial bedrock valleys along the Indiana-Michigan State line and the discontinuous sand and gravel aquifer material across the central one-third and southern boundary of the basin. 
	Potential bedrock aquifers are not mapped in the St. Joseph River basin because of their great depth and infrequent use. The Silurian and Devonian carbonate rocks have the greatest potential as a bed­rock ground-water source. Sandstone deposits within the Coldwater shale in the northeast part of the basin are also potential bedrock aquifers. 
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	KANKAKEE RIVER BASIN 
	By Joseph M. Fenelon 
	General Description 
	The Kankakee River basin, located in north­western Indiana, is the sixth largest (2,989 mi) of the 12 water-management basins in the State. The basin includes most of Newton, Jasper and Starke Counties and one-half to two-thirds of Lake, Porter, LaPorte, St. Joseph, Marshall and Benton Counties (fig. 24). Most of the towns in the basin are farming commu­nities; the largest cities are LaPorte, Plymouth, Knox, and Rensselaer. 
	Previous Studies 
	Preliminary reports of the ground-water resources have been published for a11 of the counties in the Kankakee River basin except Benton County (Rosenshein, 1961; 1962; Rosenshein and Hunn, 1962a; 1962b; 1964a; 1964b; 1964c; 1964d). The reports include preliminary evaluations of the ground-water resources, and tabulated well records for about 6.500 wells, including lithologic descrip­tions for about 2,500 wells and water-quality data from about 2,000 wells. Approximately 40 percent of the well records are fr
	The geologic framework of the aquifers in the Valparaiso Moraine and the Kankakee River Low­land is discussed in Fraser and Bleuer (1991a; 1991 b ). The reports discuss the geology of the unconsolidated deposits and the principal aquifers throughout much of the northwestern part of the Kankakee River basin. 
	The western one-half of the basin was further studied by other authors. Hartke and others ( 197 5) described the aquifers in Lake and Porter Counties. They summarized ground-water use and the potential for future use. They also qualitatively mapped the potential for aquifer contamination. The effects of ground-water withdrawals for irrigation on the ground-water system in Newton and Jasper Counties were described in several reports (Bergeron. 1981; Basch and Funkhouser, 1985; Arihood, in press). 
	A report on the water and land resources of the Kankakee River basin includes information on the general ground-water availability, ground-water flow, bedrock elevation, and the geometry and areal extent of the primary aquifers (State of Indiana and others, 1976). A comprehensive report on the water resources of the Kankakee River basin prepared by the Indiana Department of Natural Resources ( 1990) includes much of the same type of information as the 1976 report, but in more detail. In addition, infor­mati
	General descriptions of the aquifers in the Kankakee River basin have been reported by Harrell (1935) and Clark (1980) who described the major aquifers and the ground-water availability in the area. 
	Physiography 
	The Kankakee River basin lies primarily within the Northern Moraine and Lake Region, which includes the Valparaiso Morainal Area, the Kankakee Outwash and Lacustrine Plain, and the Steuben Morainal Lake Area; the southwestern part of the basin lies within the Tipton Till Plain (figs. 2 and 25). 
	The Valparaiso Morainal Area, in the north­western part of the basin, is composed of an arc­shaped end moraine complex that parallels the southern shore of Lake Michigan from Illinois through northwestern Indiana into Michigan. The morainal complex marks a terminal position of the Lake Michigan ice lobe (Bretz, 1955, p. 106-108) and separates the Kankakee River basin from the Lake Michigan basin to the north. Elevations in the morainal complex generally range from 700 to 800 ft above sea level west of Valpa
	The Kankakee Outwash and Lacustrine Plain lies south and southeast of the Valparaiso Morainal Area and covers about two-thirds of the basin. It is a broad, flat. and poorly drained area that is primarily covered by glacial outwash, dune sand, alluvial deposits, and lake sand. The southwestern boundary encompasses the Iroquois Moraine of Wisconsinan age (fig. 25). 
	The Steuben Morainal Lake Area occupies southern St. Joseph County and most of Marshall County in the far eastern part of the basin. The part of the Steuben Morainal Lake area within the basin consists of gently undulating till plains created by the western advance of the Huron-Erie and Saginaw Lobes of the Wisconsinan ice sheet and the eastern advance of the Lake Michigan Lobe (Gray, 1989) (fig. 8). 
	The Tipton Till Plain extends throughout central Indiana and occupies a small part of the Kankakee River basin in Benton County and extreme southern Newton and Jasper Counties. It is bounded by the Kankakee Outwash Plain on the north side and is a nearly flat to gently undulating Wisconsinan till plain. 
	Surface-Water Hydrology 
	The Kankakee River drains 5,165 miin north­eastern Illinois and northwestern Indiana (State of Indiana and others, 1976, p. Ill-1 ). Within Indiana, the Kankakee River basin has an area of 2,989 mi(Hoggatt, 1975). The Kankakee River begins in northwestern St. Joseph County and flows southwest for about 80 mi before reaching Illinois (fig. 24). Before development of the area, the Kankakee River was a large, meandering river surrounded by marshes. Now the river in Indiana is ditched, has a gradient of about 1
	Most of the northern part of the basin is bounded by the Valparaiso Moraine (fig. 25), which forms a major divide separating drainage to the Mississippi River from drainage to the St. Lawrence River. The major northern tributaries of the Kan­kakee River, which flow from the Valparaiso Moraine, are the Little Kankakee River, Crooked Creek, and Singleton Ditch. Major tributaries to the south are Pine Creek, the Yellow River, and the Iroquois River (fig. 24). The Iroquois River drains about one-fourth of the b
	Lakes occupy about 16 miof the basin, less than 1 percent of the surf ace area. Three lakes have areas of about 2 miand five lakes have areas of 0.5 to 1.5 mi(State of Indiana and others, 1976, p. III-26). 
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	Geology 
	Bedrock Deposits 
	The major structural feature in the Kankakee River basin is the Kankakee Arch, a northern extension of the Cincinnati Arch, which trends northwest to southeast (fig. 4). The rocks on the north side of the Kankakee Arch dip northeast toward the Michigan Basin, whereas the rocks on the south side dip southwest toward the Illinois Basin. Within the Kankakee River basin, the rocks on both sides of the arch dip approximately 10 to 20 ft/mi. Rocks beneath large areas of Lake, Jasper, and Pulaski 
	More than 4,000 ft of gently dipping sedimentary bedrock overlies Precambrian granitic bedrock (Rosenshein and Hunn, 1968a, p. 7; Hartke and others. 1975, p. 4). Approximately 3,500 ft of the sedimentary bedrock is of Cambrian and Ordo­vician age. The uppermost Ordovician rocks, collec­tively called the Maquoketa Group, consist of 200 to 300 ft of shale and minor limestone (Gray, 1972, 
	p. 4-6) at depths of 600 to 1,000 ft below land surface. 
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	Overlying the Maquoketa Group are Silurian rocks exposed at the bedrock swface in the north­western part of the Kankakee River basin and Silurian, Devonian, and Mississippian rocks exposed at the bedrock surface in much of the rest of the basin (fig. 26). The Silurian rocks are composed of 400 to 600 ft of dolomite and some limestone (Hartke and others, l975, p. 4) and consist of a wide range of carbonate rocks ranging from shaley to pure and fine to coarse-grained carbonate rocks; the lower 40 to 50 feet i
	The Devonian and Mississippian rocks consist of several hundred feet of dolomite and limestone overlain by shale; these rocks compose the Musca­tatuck Group and the New Albany Shale or the Antrim and Ellsworth Shales. The Muscatatuck Group overlies the Silurian rocks and attains thick­nesses of as much as 200 ft (Shaver, 1974, p. 5). The Group is composed of a wide variety of impure to pure and fine to coarse-grained dolomite and lime­stone, and, in places, it contains anhydrite and gypsum in its lower part
	p. 99). Overlying the Devonian carbonate rocks in the northeastern part of the basin is the Antrim Shale, a brownish-black, noncalcareous shale (Shaver and others, 1986, p. 5). The Ellsworth Shale overlies the Antrim Shale and is of Devonian and Mississippian age. The Ellsworth Shale is a grayish-green shale that contains limestone or dolomite lenses in its upper part and alternating beds of grayish-green and brownish-black shale in its lower part (Shaver and others, 1986, p. 42). In the southwestern part o
	In the southwestern part of the basin, the Devonian and Mississippian shales are overlain by the Rockford Limestone and Borden Group of Mis­sissippian age (Gray and others, 1987). The Rockford Limestone consists of 2 to 20 ft of gray clayey limestone and underlies 485 to 800 ft of gray clayey siltstone and shale known as the Borden Group (Shaver and others, 1986, p. 17-18). 
	A small (5 mi) complexly deformed structure known as the Kentland anomaly or dome is near Kentland, Ind. in southern Newton County (fig. 26). This structure consists of steeply dipping Ordovician and Silurian rocks that have been uplifted approxi­mately 2,000 ft. Adjacent to the area are relatively flat-lying Mississippian and Pennsylvanian rocks. Meteorite impact, volcanism, and faulting have been proposed as explanations of the anomaly (Gutschick, 1976). 
	The bedrock surface is a preglacial erosional feature that has been further scoured by glacial erosion. Several preglacial bedrock-valley systems are buried beneath glacial deposits (Bleuer, l989) (fig. 7). The Silurian and Devonian carbonate rocks exposed at the bedrock surface contain significant fractures and solution features in the upper 100 to 200 ft of the bedrock (Rosenshein and Hunn, 1968a, 
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	Unconsolidated Deposits 
	The unconsolidated deposits in the Kankakee River basin are largely the result of glacial, glacio­fluvial, lake, wetland, and wind-blown sedimen­tation. They consist of clay, silt, and sandy loam tills; sand and gravel outwash; sand dunes; sand, silt and clay lake deposits; and peat. Thicknesses of unconsolidated deposits range from less than 50 ft in the western one-half of the basin to about 350 ft at the northern basin divide near Laporte, Ind. (fig. 27). 
	Glaciers advanced through the Kankakee River basin a number of times before Wisconsinan time. Most of what is preserved, however, is a result of the last several advances. During the Wiscon­sinan Age, ice actively advanced through the basin and eroded or overrode most of the older glacial deposits (fig. 8). 
	The Lake Michigan ice lobe overrode most of the Kankakee River basin as it advanced south of the basin. Where the eastern edge of the ice stalled at a till upland on the east side of the basin in central Marshall and St. Joseph Counties, it formed the Maxinkuckee Moraine (fig. 25), which has been interpreted as an outwash fan head (Bleuer and Melhorn, 1989, p. 44 ). Two other ice lobes were also active in northwestern Indiana at this time. The Saginaw Lobe advanced southwest into eastern Marshall and St. Jo
	As the Lake Michigan Lobe receded, it formed the till-cored Iroquois Moraine (fig. 25) and a proglacial lake that covered a large area of the Kankakee River basin between the ice to the north and the Iroquois Moraine to the south (Fraser and Bleuer, 1991b, p. 5). Lake muds, in excess of 30 ft, were deposited in the lake, and basal and ablation tills were later deposited over the muds (Fraser and Bleuer, 1991, p.5; Gray, 1989). 
	After the Lake Michigan Lobe receded, the Huron-Erie Lobe advanced west across the southern half of the basin, overriding the Iroquois Moraine 
	The Lake Michigan Lobe retreated to a bedrock high on the northern edge of the Kankakee River basin, where it formed the Valparaiso Moraine (fig. 25). The upper part of the moraine is domi­nantly till on the western side, but it contains pro­gressively more sand to the east until it becomes primarily a giant outwash fan head in LaPorte County. 
	While the ice was forming the Valparaiso Moraine, large volumes of outwash were deposited in a 5-to 15-mile wide band from the southern edge of the moraine to south of the Kankakee River. South of the river, large areas of the outwash were reworked by wind to form extensive dune sand deposits. Also deposited in the lowland between the Valparaiso, Iroquois, and Maxinkuckee Moraines were small areas of lake sand and clay. The sandy sediments overlie till, lake muds, or bedrock throughout much of the basin. Th
	Aquifer Types 
	Nine hydrogeologic sections (3A-3A' to 31-31') were produced for this atlas to show the general hydrostratigraphy of the Kankakee River basin (fig. 28). Seven of the sections are oriented from south to north; two are oriented from west to east (fig. 24). A total of 490 well logs were used to produce the sections; 72 well logs are from test holes that are unrelated to water use. The average density of logged wells plotted along the section line is 
	1.4 wells per mile. Several maps of Indiana were used to produce the sections including bedrock topography (Gray, 1982), surficial geology (Gray, 1989), bedrock geology (Gray and others, 1987), 
	Adequate supplies of ground-water for domestic use can be found throughout the Kankakee River basin. Unconsolidated sands and gravels and Silurian and Devonian carbonate bedrock are the most productive aquifers. The primary unconsoli­dated aquifers are surficial sands in the central part of the basin and buried sands and gravels in the northern and eastern parts of the basin. The car­bonate bedrock aquifer underlies the entire basin, but is only important as a source of water in the western one-half of the 
	Unconsolidated Aquifers 
	Surficial Sand and Gravel Aquifer 
	A surficial sand and gravel aquifer covers about one-half of the basin (fig. 29) and is shown in the central part of sections 3A-3A', 3B-3B', and 31-31', most of sections 3C-3C' and 3D-3D', and the northern part of section 3E-3E' (fig. 28). It extends along a 15-to 25-mile wide band that trends east-northeast along the Kankakee River from Illinois to Michigan. It is bounded by the Valparaiso Moraine on the north, the Iroquois Moraine on the south, and the Maxinkuckee Moraine on the east (fig. 25). The aquif
	The northern two-thirds of the surficial sand and gravel aquifer is composed of outwash that lies adjacent to and south of the Valparaiso Moraine. The southern one-third of the aquifer is composed of 
	The surficial aquifer is unconfined and is recharged primarily from direct precipitation. Some recharge also comes from ground-water flow from the bedrock (Hartke and others, 1975, p. 30) and from the buried sand and gravel beneath the Val­paraiso Moraine. The hydraulic connection between the surficial and buried sand and gravel aquifers can be seen in T. 33 N. of section 3B-3B' and T. 36 N. of section 3C-3C' (fig. 28). Most of the ground water flows from topographically high areas and discharges to the riv
	Depths to the water table range from Oto more than 50 ft below land surface, but are generally 10 to 20 ft. Water levels in the aquifer fluctuate about 5 ft/yr because of variations in natural recharge and discharge (Arihood, in press); levels are highest in the early spring and the lowest in the summer (Bergeron, 1981, p. 23; Arihood, in press). Pumping of the bedrock aquifer for irrigation causes little noticeable effect on water levels in the surficial aquifer (Basch and Funkhouser, 1985, p. 31-33). 
	The saturated thickness of the surficial aquifer typically ranges from 20 to 50 ft in the southwestern part of the basin and from 50 to 100 ft in the north­eastern part (State of Indiana, 1976, plate 11 ). Locally, the saturated thickness exceeds 150 ft, as shown in T. 37 N. of section 3D-3D' (fig. 28). Ground-water yields from the surficial aquifer can be as great as 2,000 gal/min but are commonly much less. Generally, a properly constructed well can be expected to produce between 200 and 600 gal/min (Hart
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	Discontinuous surficial sand and gravel 
	~ 
	Sand and Gravel Aquifers" is in the eastern part of
	aquifers are found in the eastern part of the basin 
	VJr900
	the basin. 
	<( (J 0 
	(fig. 29) and are shown in the southern part of section
	(..'.) 
	a:: 
	<( 3E-3E', most of section 3F-3F', and the eastern part 
	The northern buried sand and gravel aquifer is 800 of section 31-31' (fig. 28). Most of the aquifers are 
	part of the Valparaiso Moraine and can best be seen located in the Maxinkuckee and Valparaiso morainal 
	in the northern parts of sections 3A-3A' and 3B-3B' areas and are a part of a complex mixture of ice­
	(fig. 28). The sand and gravel form a single, partially contact stratified drift, outwash, and till. Individual 
	confined aquifer (25 to 100 ft thick) that is buried aquifers range from a few feet to 100 ft in thickness. 
	beneath about 20 to 50 ft of clay till. The aquifer The discontinuous surficial sand and gravel is usually 
	probably overlies clay throughout much of its extent not used as a water supply, because it is commonly 
	in the Kankakee River basin, although in some areas. unsaturated or located above buried sand and gravel 
	such as section 3B-3B' (fig. 28), no information is aquifers. 
	available as to what underlies the sand and gravel. 
	The northern buried aquifer is recharged 
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	through the overlying till. The buried aquifer dis­Buried sand and gravel aquifers are present in charges to the surficial aquifer where they are 
	" ; z± l ,d r:::+:: :m ;=a I JO 0 
	more than one-quarter of the basin and are shown in hydraulically connected, as well as to the land surface 
	three areas of figure 29. A major aquifer is in the through the overlying till or to the bedrock through 
	northern part of the basin, a second smaller area of the underlying till (Rosenshein and Hunn, 1968b). 
	buried aquifers is in the southwestern part of the Water depths are generally 20 to 50 ft below land 
	1,000 gal/min in places. 
	A second area of buried sand and gravel aquifer is the southweste1n part of the basin beneath the Iroquois River in a buried bedrock valley. The aquifer, present beneath the river in section 3A-3A' (fig. 28), has a thickness that ranges from several feet to about 70 ft and averages 25 ft. The aquifer directly overlies bedrock and is buried beneath 20 to 100 ft of clay. Recharge to the aquifer is primarily from the underlying bedrock, and discharge is through the overlying clay to the Iroquois River (Bergero
	Discontinuous Buried Sand and Gravel Aquifers 
	Most of the eastern part of the basin contains discontinuous buried sand and gravel aquifers. Buried aquifers that are continuous for 5 to 10 mi along a section line, such as those shown in the southern part of section 3E-3E' and in section 3F-3F' (fig. 28), were mapped as "buried sand and gravel aquifer" (fig. 29). Discontinuous buried sand and gravel aquifer was mapped to the east and west of this area where the aquifers are laterally con­tinuous for only 1 to 5 mi. These discontinuous aquifers are a sign
	Throughout the eastern part of the basin, the "buried" and "discontinuous buried" aquifers are common; a domestic water supply generally can be found within 150 ft of the land surface (see southern part of sections 3D-3D' and 3E-3E', sections 3F-3F' and 3G-3G', and eastern part of section 31-31'; fig. 28). Multiple buried sand and gravel aquifers are common; individual aquifer thicknesses range from 5 to 50 ft. Well depths are generally 50 to 150 ft; a few wells in the far eastern part of the basin are deep
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	Figure 29. Extent of aquifer types in the Kankakee River basin. 
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	Table 5. Characteristics of aquifer types in the Kankakee River basin 
	[>, greater than;<, less than; locations of aquifer types shown in fig. 29] 
	Rosenshein and Hunn, 1968a. Rosenshein and Hunn, 1968b. Hunn and Rosenshein, 1969. State of Indiana and others, 1976. Hartke and others, 1975. Indiana Department of Natural Resources, 1990. Shaver and others, 1986. 
	An area of discontinuous buried aquifers in the southwestern part of the basin is within, and south of, the Iroquois Moraine (fig. 29). These aquifers can be seen in the southern parts of sections 3A-3A' and 3B-3B' and in the eastern part of section 3H-3H' (fig. 28). The aquifers are smaller and less abundant than the buried discontinuous sand and gravel aqui­fers in the eastern part of the basin. Individual aquifers t~pically are thin (2 to 15 ft) and cover less than 1 mi . They are recharged from the surr
	Bedrock Aquifers 
	Carbonata Bedrock Aquifer 
	Silurian and Devonian carbonate bedrock, consisting mostly of dolomite and limestone, forms the principal bedrock aquifer in the Kankakee River basin. Although it is present throughout the basin, it 
	The carbonate bedrock aquifer is generally 500 to 600 ft thick except in the northeastern part of the basin, where it attains a thickness of 800 ft. The upper part of the aquifer is highly permeable because of the enlargement of fractures, joints, and bedding planes by pre-Pleistocene weathering. The density of the fractures and joints decreases with depth (Bergeron, 1981, p. 15). The carbonate bedrock aquifer also includes reef structures within the Silurian rocks that can be highly fractured (Ault and oth
	Most domestic wells penetrate only the upper 10 to 150 ft of the carbonate bedrock, as shown in section 3H-3H' and the southern part of section 3B-3B' (fig. 28). Many high-capacity irrigation, industrial, and municipal wells have been completed in the carbonate bedrock in Newton and Jasper Counties between the Kankakee and Iroquois Rivers. Most of the high-capacity wells are used to irrigate crops grown in the Kankakee outwash and surficial dune sands, such as those shown in the central part of section 3A-3
	In the northeastern and extreme southwestern parts of the basin, the carbonate bedrock aquifer is not used because of the availability of water in the unconsolidated aquifers, the greater depth to the carbonate bedrock aquifer, and potentially high concentration of dissolved solids in the water (Rosenshein and Hunn, 1968b, p. 5). The boundary 
	Devonian and Mississippian shales and the lower till unit confine the upper surface of the car­bonate bedrock aquifer throughout most of the basin. The shales are potential sources of small quantities of water (Rosenshein and Hunn, 1968a; 1968b; Arihood, in press). At depths of greater than 600 ft, the lower carbonate bedrock surface is underlain by 200 to 250 ft of shale interbedded with some lime­stone (Gray, 1972). Recharge to the carbonate bedrock aquifer is mostly from the till and upper shale, and dis
	Upper Weathered-Bedrock Aquifer 
	Mississippian limestone, siltstone, and shale are found at the bedrock surface in the southwestern part of the basin in Benton County (fig. 29). As much as 200 ft of the Mississippian bedrock is shown in the southern part of section 3A-3A' (fig. 28). Water wells in the section penetrate 10 to 125 ft of the upper part of the bedrock. The upper weathered bedrock, where permeability has probably been enhanced due to preglacial weathering, is shown as "aquifer." In general, the Mississippian bedrock is a poor w
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	Summary 
	The Kankakee River basin includes 2,989 miin northwestern Indiana. The basin is bounded by morainal areas and till on the north, southwest, and east; a wide band of surficial outwash and dune sands crosses the central part of the basin. 
	Six aquifer types were delineated in the Kan­kakee River basin. Unconsolidated sands and gravels and Silurian and Devonian carbonate bedrock are the most productive aquifers in the Kankakee River basin. One of the primary unconsolidated aquifers is composed of surficial sands in the central part of the basin. The saturated thickness of the sands ranges from 20 to 100 ft, and well yields range from 10 to 2,000 gal/min. Two additional areas of productive unconsolidated aquifers are in the northern and eastern
	The carbonate bedrock aquifer underlies the entire basin but is only important as a source of water in the western one-half of the basin, where it is near or at the bedrock surface. Most domestic wells penetrate only the upper 10 to 150 ft of the carbonate rocks, whereas high-capacity wells penetrate from 200 to more than 500 ft of the carbonate bedrock aquifer. Yields are usually sufficient for domestic use, and they can be as great as 2,000 gal/min. Another bedrock aquifer composed of an upper weathered z
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	water supply in some areas of the southwestern part of the basin. 
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	MAUMEE RIVER BASIN 
	By Theodore K. Greeman 
	General Description 
	The Maumee River basin in northeastern Indiana is 1,283 miand includes parts of Adams, Allen, Dekalb, Noble, and Steuben Counties (fig. 30). Principal cities within the Maumee River basin include Auburn, Decatur, Fort Wayne, Garrett and New Haven. The Maumee River begins in Fort Wayne, Ind. at the confluence of the St. Marys and St. Joseph Rivers. Most of the Maumee River basin in Indiana is drained by these two tributaries. From the confluence, the Maumee River flows 28 mi east­northeast to the Indiana-Ohi
	Previous Studies 
	Before 1960, several authors studied the hydro­geology of the Maumee River basin; however, avail­able data were limited. Leverett (1897) reported scattered observations on ground-water availability in Indiana. Harrell, who wrote the first compre
	Enactment of laws requiring drillers to report lithologic and hydrologic properties of water wells drilled in Indiana after 1958 quickly created a new data base. Watkins and Ward (1962) reported on the ground-water resources of Adams County and included ground-water-quality information. Herring (1969) described the ground-water resources of the Indiana part of the Maumee River basin and identi­fied principal aquifers, potential yields, and ground­water quality. Pettijohn and Davis (1973) prepared a hydrolog
	Physiography 
	The Maumee River drainage basin includes three distinct physiographic units in Indiana (Malott, 1922, p. 66): the Steuben Morainal Lake Area, the 
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	Maumee Lacustrine Plain, and the Tipton Till Plain (fig. 2). Surface drift in the Maumee River basin was deposited between 21,000 and 14,000 years ago (Gooding, 1973, p. 24) during the latest Wiscon­sinan glaciation, although some alluvial deposits are post glacial. 
	The Steuben Morainal Lake Area (fig. 31) is an undulating region of moraines and kettle lakes, characterized by "knob and kettle" topography. ''Knob" refers to the moraina] hills whose local relief ranges from 100 to 200 ft. These knobs are composed of till or ice-contact sand and gravel (Schneider, 1966, p. 53). Kettle refers to the numerous surface depressions in the drift, many of which are water filled. When deposited, the moraines were composed of till mixed with sand, gravel and detached blocks of gla
	The morainal landforms (fig. 31) in the Steuben Morainal Lake Area were formed during Late Wisconsinan time, by at least two surges of the Huron-Erie Lobe and an intermediate surge of the Saginaw Lobe (fig. 8). Ice of the Huron-Erie Lobe deposited tills when it advanced into northern and central Indiana between 23,000 and 17,000 years ago (Shaver and others, 1970, p. 177). Following withdrawal of the Huron-Erie Lobe, ice of the Saginaw Lobe advanced into northeastern Indiana. A resurgence in the Huron-Erie 
	The Maumee Lacustrine Plain, which covers more than 120 miof Indiana (fig. 31) (Malott, 1922, p. 151), is an area once occupied by glacial Lake Maumee. In this nearly level plain, lake sediments (lacustrine deposits) are incorporated 
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	Figure 31. Physiographic units and moraines in the Maumee River basin. 
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	within the youngest Wisconsinan till deposits that cover the lake-bottom plain (A.J. Fleming, Indiana Geological Survey, oral commun., 1990). Topo­graphic relief on the lake plain is low with slopes commonly less than 5 ft/mi. Surficial sand deposits at the perimeter of the plain are Lake Maumee strand or beach deposits. The geomorphology of the lake plain can also be interpreted as a glacially scoured low land. The lake is possibly best charac­terized as a subglacial, water-filled basin that catastrophical
	Water levels in glacial Lake Maumee reached a high-stage altitude of 800 ft above sea level (Bleuer and Moore, 1978, p. 59) sometime between 14,000 and 11,800 years ago. At this stage, glacial Lake Maumee drained over the Wabash Moraine at Fort Wayne, continued to the southwest by way of the Little Wabash River (Wabash-Erie channel) (fig. 7) and joined the Wabash River at Huntington. Outflow from Lake Maumee scoured the Fort Wayne outlet to an altitude of about 750 ft. 
	After the glaciers retreated from the Lake Erie basin, water levels in Lake Maumee declined. The 
	After Lake Erie stabilized, the lake bed was exposed to erosion. In Indiana, the Maumee River has downcut 25 to 40 ft into the glaciolacustrine sediments (Pettijohn and Davis, 1973, pl. 1) and, thus, has failed to develop a flood plain. 
	The Tipton Till Plain (fig. 31) is a nearly level to gently rolling, poorly drained glacial plain (Schneider, 1966, p. 49-50). The till plain is underlain by Huron­Erie Lobe tills and some stratified sediments. Resur­gent periods during retreat of the last glacial ice pro­duced the Fort Wayne and Wabash Moraines. Relief across the moraines is generally less than 50 ft, although the relief is slightly greater in several areas. These moraines range from 2 to 6 mi in width. 
	Surficial till composition is similar throughout the Tipton Till Plain of the Maumee River basin. S urficial tills are characterized by high clay content (50-55 percent) and low sand content (15-20 percent) (Gooding, 1973, p. 9). Glacial stratigraphy in the Tipton Till Plain is horizontally continuous and less complex than the stratigraphy of the Steuben Morainal Lake Area. Slopes are generally less than I ft per 100 ft. 
	Surface-Water Hydrology 
	The Maumee River and its principal tributaries drain 6,608 miof northeastern Indiana, southern Michigan, and northwestern Ohio. In Indiana, the Maumee River drains 1,283 mi(Ohio Department of Natural Resources, 1985). The altitude of the Maumee River channel bottom at Fort Wayne is 728 ft above sea level, whereas at the Indiana-Ohio State line it is about 700 ft (Simpson, 1988). The average gradient of the meandering channel is 1.0 ft/mi in Indiana. This 
	low gradient continues downstream 87 mi to Waterville, Ohio, where the Maumee River altitude is 610 ft. The gradient of the Maumee River in Indiana and north­western Ohio is low because near-swface bedrock impedes downcutting of the channel. Between Water­ville, Ohio, and Lake Erie, the Maumee River channel bottom drops 38 ft in 21 mi (a downstream gradient of 
	1.8 ft/mi). 
	Moraines divide the Maumee River basin into four subbasins that are drained by the Maumee River, the St. Marys River, the St. Joseph River, and Cedar Creek (fif 30). The Maumee River drains a total of 2, 129 mi at the streamflow-gaging station at Antwerp, Ohio (7 mi downstream of the fudiana-Ohio State line). At Antwerp, the median discharge of the Maumee River ( 1939-85) is 631 ft/s, and the average runoff is 
	10.80 m/yr (D. V. Arvin, U.S. Geological Survey, writ­ten commun., 1991). Flatrock Creek drains 99.8 mi2 of the Maumee River subbasin in fudiana before entering Ohio and joining the Maumee River downstream. Flatrock Creek has little or no flow at times during most dry years. 
	The St. Marys River begins in Ohio and flows northwest to Fort Wayne, draining a total of 840 mi, of which 401 miare in fudiana (Hoggatt, 1975, p. 56). The St. Marys River has a median discharge of 134 ft/s (as measured at a streamflow-gaging station 10.8 mi above the mouth, 1930-85), and has an average runoff of 10.32 m/yr (Arvin, l989, p. 850). 
	The St. Joseph River flows southwest and drains the northern half of the Maumee River basin. Cedar Creek is the main tributary of the St. Joseph River. (Cedar Creek is 7 to 10 mi northwest of the St. Joseph River.) Cedar Creek flows parallel to the St. Joseph River through Dekalb County before turning southeast and joining the St. Joseph River in Allen County. The St. Joseph River and Cedar Creek drain a total of 1,086 mi, of which 843 miare in fudiana (Hoggatt, 1975, p. 56). At the streamflow-gaging statio
	Several streams draining the Maumee River basin were tributary to adjacent basins during the last glacial 
	p. 63). None of the rivers in the Maumee River basin of fudiana flow on bedrock, although alluvium thickness is less than 20 ft in several areas. 
	Geology 
	Bedrock Deposits 
	fu northeastern fudiana, the bedrock is composed of Paleozoic limestone, dolomite, and shale that overlie Precambrian granite, basalt, arkose and other rocks (Shaver and others, 1986, pl. 2). These bedrock units have been moderately deformed by several structural elements (fig. 4). 
	The Cincinnati Arch is a broad bedrock anticline along the fudiana-Ohio State line. The axis of the anticline trends north-northwest from Cincinnati. fu Randolph County, about 30 mi south of the Maumee River basin, the Cincinnati Arch splits. North of the split, the axis of the Cincinnati Arch trends northwest across fudiana. The axis of the other branch, the Findlay Arch, trends northeast across Ohio to Lake Erie. The Maumee River channel parallels the axis of the Findlay Arch. The entire Maumee River basi
	Bedrock in the Maumee River basin dips north into southern Michigan (Michigan Basin) at 15 to 22 ft/mi (sections 4A-4A' to 4E--4E', fig. 34). As the sequence ofPaleozoic bedrock dips northward into the Michigan Basin, the entire sequence thickens and increasingly younger rocks are at the bedrock surface (fig. 32). 
	fu the Maumee River basin, Precambrian rocks are buried under more than 3,000 ft of lithified sedi­ments. About 1,000 ft of Cambrian sediments overlie the Precambrian basement in the Maumee River basin. About 2,000 ft of Ordovician sediments over­lie the Cambrian sediments. 
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	Although there are several potential aquifers in the Cambrian and Ordovician rocks, their potential as a source of potable water is doubtful. Water in these deep aquifers is highly mineralized, making the high transmissivity of the rock more desirable for waste disposal than for withdrawal of water (Bleuer and Moore, 1978, p. 48-49). The most notable of these potential disposal aquifers is the Cambrian-age Mt. Simon Sandstone. Two potential disposal aquifers within the Ordovician rocks include the Knox Dolo
	Subcrops of Paleozoic bedrock underlie the drift throughout the Maumee River basin. Depth to bedrock in the Maumee River basin ranges from near zero in several areas to about 450 ft (fig. 33). The buried bedrock surf ace ranges in altitude from about 500 ft above sea level at the base of a deep preglacial stream channel to about 900 ft above sea level near the Indiana-Michigan State line. Rocks exposed at the bedrock surface range in age from 450 million to 355 million years (Palmer, 1983). 
	The oldest rocks that directly underlie the drift in northea~tem Indiana are Upper Ordovician inter­bedded shales and limestones (fig. 32). Less than 50 ft of Upper Ordovician rock is exposed at the base of the pre glacial St. Marys Bend Segment of the Lafayette Bedrock Valley (fig. 7) (Bleuer, 1989, table 1). This is the only area in the Maumee River basin where Ordovician rocks were exposed by pre­glacial erosion. 
	Overlying the Ordovician rocks throughout the Maumee River basin is a thick sequence of Paleozoic carbonate rocks. This sequence of carbonate rocks is composed of the Silurian Salina Group and the Devonian Muscatatuck Group (fig. 32). The car­bonate rocks are composed of layered limestone, dolomite, and some thin shale beds. Their combined thickness attains 700 ft. The carbonate rocks are present as a subcrop below the drift south of the Maumee River. At the southern tip of the Maumee River basin, in the St
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	solution openings, and it is used as a source of ground water. A paleokarst topography preserved beneath the drift indicates that these carbonate rocks were drained by subterranean drainage. North of the Maumee River, the entire carbonate rock sequence dips below younger shales. 
	In Indiana and Ohio, the preglacial Lafayette Bedrock Valley (formerly Teays River Valley) drained a 35,000-micarbonate bedrock plain (L.D. Arihood, U.S. Geological Survey, oral commun., 1989). In the Maumee River basin, broad upland areas between deeply entrenched streams were underlain by 400 ft or more of carbonate rock. The entrenchment of Tertiary streams and the presence of buried karst topography indicate deep preglacial ground-water levels in the carbonate rocks. Locally, preglacial ground-water lev
	The youngest rocks found in the Maumee River basin are Paleozoic shales (fig. 32). The Devonian Antrim Shale directly overlies the Devo­nian carbonate rocks. Three younger shale units overlie the Antrim Shale in the Maumee River basin: the Ellsworth Shale of Devonian and Mississippian age, and the Sunbury and Coldwater Shales of Mississippian age. North of the Maumee River a subcrop of these shales is commonly overlain by more than 200 ft of unconsolidated drift (fig. 33). Although these shales have been er
	Unconsolidated Deposits 
	During the Pleistocene Epoch, ice, thousands of feet thick, flowed repeatedly into Indiana. The Erie Lobe advanced west-southwest across northern Ohio following a carbonate-bedrock dip slope. The Huron Lobe advanced south out of the Lake Huron basin. The two lobes of glacial ice coalesced in northwestern Ohio to form the Huron-Erie Lobe. The 
	advances. 
	As the Huron-Erie Lobe moved into north­eastern Indiana, it was forced to change direction by another lobe of glacial ice (fig. 8). The other lobe, known as the Saginaw Lobe, advanced into north­central Indiana from the Saginaw Bay area of Michi­gan. The Saginaw Lobe and the Huron-Erie Lobe abutted each other along the northwest boundary of the Maumee River basin in Indiana. This blockage forced the Huron-Erie Lobe to advance southward across eastern Indiana. The area where the two lobes of glacial ice abut
	The St. Marys River flows near the bedrock surface along much of its course through Indiana; however, bedrock is 90 ft below the streambed 3.5 mi upstream from the confluence with the St. Joseph River (section 4B-4B', fig. 34). Drift thickness south of the Maumee River (fig. 33) is generally from 50 to 100 ft, except where as much as 300 ft of glacial deposits fill preglacial valleys. All areas where drift thickness is less than 50 ft are south of the Maumee River. In some areas south of the Maumee River (s
	Tills are exposed at land surface over most of the Maumee River basin in Indiana. Nearly all of the till is from the Lagro Formation of Wisconsinan age (Gray, 1989). The Lagro Formation was deposited by the Huron-Erie Lobe more than 13,000 years ago (Wayne, 1963, p. 44). Along the northwestern boundary of the Maumee River basin, surf ace de­posits are a mix of Huron-Erie Lobe and Saginaw 1 especially near Huntertown in Noble County (A.J. Fleming, Indiana Geological Survey, written commun., 1990). 
	Glacial drift south of the Maumee River con­tains at least two identifiable till units, the Lagro and the Trafalgar Formations (Bleuer and Moore, 1978, 
	p. 11). The upper unit, the Lagro Fonnation was deposited over lake sediments during the last glacial advance into the area. The Lagro Formation contains 10 to 20 percent sand and 40 to 50 percent clay. The base of the Lagro Formation is characteristically rich in clay because of the incorporation of the lake sediments. 
	The lower till unit, known as the Trafalgar Formation, is also of Late Wisconsinan age. The Trafalgar Formation contains 35 to 45 percent sand, and 15 to 20 percent clay (Bleuer and Moore, 1978, 
	p. 11). Typically the Trafalgar Formation is ex­tremely hard. Dense, silty sand and gravel is locally present between these till units. In most areas, this sand and gravel is too silty to be used as an aquifer; locally however, it forms small channels of coarse, shaly gravel that are tapped by domestic wells. Where coarse, this intertill sand and gravel unit is composed of 50 to 90 percent shale clasts. (A.J. Fleming, Indiana Geological Survey, written con1mun., 1990). 
	North of the Maumee River, intertill sand and gravel deposits are abundant throughout the drift. These sand and gravel deposits were concentrated into layers by meltwater that transported the silt and clay away. Some intertill deposits form laterally continuous horizons, whereas others are discon­tinuous. Layered intertill deposits were formed by repeated advances and retreats of glacial ice during the Pleistocene. These horizontally continuous sand and gravel deposits are disrupted in many areas. Collapse 
	Surficial sand and gravel deposits are un­common in the Maumee River basin of Indiana. They can be found as valley-train deposits along the St. Joseph and St. Marys Rivers, Cedar Creek, and the Fort Wayne outlet of ancient Lake Maumee. A 
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	large buried outwash-fan deposit (section 4C-4C', fig. 34) is partially exhumed by Cedar Creek. 
	Few post-Wisconsinan deposits are found in the Maumee River basin. Some minor alluvial deposits, primarily composed of reworked out­wash, are found in association with the Wiscon­sinan outwash deposits. Because the Maumee River formed after glaciation ended, none of the alluvial deposits along the Maumee River are reworked outwash. Minor deposits of muck, peat and marl, all of Holocene age, also are present in the basin. 
	Aquifer Types 
	Five hydro geologic sections ( sections 4A-4A' to 4E-4E', fig. 34) were produced for this atlas to depict aquifer types in the Maumee River basin. The hydrogeologic sections are oriented south-north, approximately perpendicular to the Maumee River, and are spaced 6 mi apart (fig. 30). The section lines produced from logs of 305 water­supply and test wells have a total length of 244 mi. The average density of logged wells plotted along the sections is 1.3 wells per mile, (approximately one well every 4,000 f
	The map showing the extent of aquifers in the Maumee River basin (fig. 35) was constructed by use of the hydrogeologic sections. Additional information for the aquifer map was from the Quaternary geologic map of Indiana (Gray, 1989) and other publications referenced in this chapter. 
	The aquifer map shows the five aquifer types that are commonly used for water supply in the Maumee River basin. Of these aquifer types, four are restricted to the unconsolidated deposits. These include surficial sand and gravel aquifers, buried sand and gravel aquifers, discontinuous sand and gravel aquifers in isolated deposits, and sand and gravel in buried bedrock valleys. The only bedrock aquifer type used in this basin is carbonate bedrock of Silurian and Devonian age. Characteristics of the five aquif
	Unconsolidated Aquifers 
	Sur11cial Sand and Gravel Aquifers 
	Surficia] sand and gravel aquifers have been deposited by present-day streams (alluvial) and by glacial meltwater (outwash). Alluvial deposits adjacent to the St. Marys and St. Joseph Rivers, and Cedar Creek (fig. 35) are generally thin and are not significant sources of ground water. Most present-day streams follow former glacial drain­age channels and have reconfigured the glacial deposits. Because it does not follow a glacial drainage channel, the Maumee River has few allu­vial deposits associated with i
	The bulk of the surficial sand and gravel aquifers in the Maumee River basin are composed of outwash. Most of the major streams draining the basin have outwash deposits adjacent to their channel (fig. 35). The outwash deposits in the basin are commonly 1/2 to 1 mi wide and as much as 40 ft thick (section 4B-4B' and 4C-4C', fig. 34). The Fort Wayne outlet to the Wabash­Erie Channel in southwestern Fort Wayne (fig. 7) and the Cedar Creek outlet to the Eel River near Huntertown have little or no outwash along 
	One additional type of surficial sand deposit in the Maumee River basin is beach sand. East of Fort Wayne, deposits of beach sand follow the former shoreline of ancient Lake Maumee. These sand deposits are at an altitude of about 760 to 775 ft, which corresponds to the altitude of the Fort Wayne outlet (sections 4D-4D' and 4E-4E', fig. 34). Beach ridge deposits are not on the aqui­fer map, because they generally are not productive aquifers in the Maumee River basin. Most uncon­solidated sand and gravel aqui
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	T. 33 N. and by ditching on the north side of the abandoned Fort Wayne outlet in T. 30 N. (section 
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	Buried sand and gravel aquifers (sections 4A-4A' to 4E-4E'~ fig. 34) are laterally continuous deposits that were formerly coalescing outwash fans, outwash plains, katne terraces and other ice-contact stratified deposits. Because these aquifers were not deposited uniformly, aquifer characteristics such as thickness, texture, and distribution are highly vari­able. Post depositional slumping of super saturated deposits, ice collapse, and erosion have caused addi­tional disruption of these aquifer materials. Th
	Although most buried sand and gravel aquifers are not exposed by stream erosion, buried sand and gravel aquifers are exposed by Little Cedar Creek in 
	4B-4B', fig. 34); by Cedar Creek in T. 32 N. and the St. Joseph River in T. 31 N. (section 4C-4C', fig 34); by West Branch and a tributary to Fish Creek in 
	T. 37 N. and by the Maumee River in T. 31 N. (section 4E-4E', fig. 34). From the northeastern comer of Indiana south along section 4E-4E' (fig. 34) to the Maumee River, the potentiometric surface of the buried sand and gravel aquifer slopes south at 
	7.8 ft/mi. This closely approximates the slope of the land surface. 
	Nearly all ground-water production north of the Maumee River is from buried sand and gravel aquifers (fig. 34). Although highly variable, the average thick­ness of buried aquifers in Allen County is 25 ft (Bleuer and Moore, 1978, p. 46). The median well yield from 
	Clark (1980, p. 211) indicates two areas north of the St. Joseph River in Dekalb County where more than 1,000 gal/min of ground water is available from buried sand and gravel aquifers. Equally large yields are probably available throughout this part of the basin, as large yields have been found wherever ground-water exploration has been done. The highest yield noted from a well plotted on the Maumee River basin hydrogeologic sections is a well in T. 34 N., 
	R. 14 E. (section 4E-4E', fig. 34). This well is 24 in. 
	An extensive sand and gravel aquifer, a buried outwash fan of Saginaw Lobe association (A.J. Fleming, Indiana Geological Survey, oral commun., 1991), underlies a l 10-miarea in northwestern Allen County and southwest Dekalb County. Centered on Huntertown, this buried outwash fan slopes southeast into the Maumee River basin from the crest ofa buried moraine. Portions of this buried fan are mapped in Tps. 32 and 33 N. (sections 4A-4A', 4B-4B', and 4C-4C', fig. 34). Planert (1980, p. 52) found that 30 to 39 Mg
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	Figure 34. Hydrogeologic sections 4A-4A' to 4E-4E' of the Maumee River basin-Continued. 
	Discontinuous Sand and Gravel Aqui1ers 
	Discontinuous sand and grave] aquifers are simi­lar to buried sand and gravel aquifers, except that they occur intennittently at one horizon or randomly dis­persed throughout the drift. Some discontinuous buried sand and gravel was deposited in meandering channels. In the Maumee River basin, ahnost all discontinuous sand and gravel aquifers are south of the Maumee River. Drift in this area thins to less than 100 ft. 
	Discontinuous sand and grave] aquifers are rarely used for ground-water supply because of the abundance of fine sand, silt, and clay in the discontinuous aquifer and the availability of reliable ground-water supplies in the bedrock. Drillers commonly identify the discon
	Sand and Gravel Aquifer In Buried Bedrock Valleys 
	A deep, preglacial bedrock valley underlies the drift in the southern tip of the Maumee River basin. This buried valley is known as the St. Marys Bend Segment of the Marion Valley Section of the Lafayette Bedrock Valley System (fig. 7) (Bleuer, 1989, p. 5), and was fonnerly known as the Teays Valley. Before burial, the 
	Bleuer (1991, fig. 6D, p. 63) indicates that there are three aquifer horizons in this part of the St. Marys Bend Segment. The upper aquifer is heavily used; the middle aquifer is fine grained sand and does not produce large volumes of water; the lowest aquifer is a coarse 
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	sand and gravel. which has the potential for the largest 
	ground-water production. 
	The city ofDecatur, Adams County, con­structed its well field in the St. Marys Bend Segment of the Lafayette Bedrock Valley. This well field is near Berne, 12 mi south of Decatur, near the divide between the Maumee River basin and the Upper Wabash River basin. The well field pumps water from the upper aquifer. This aquifer is a 40-foot-thick, coarse-grained, cobbly sand and gravel deposit confined under 110 ft of clay. Well yields from this well field range from 1,000 to 1.400 gal/min with approximately 40 
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	Bedrock Aquifers 
	Carbonate Bedrock Aquifer 
	The carbonate bedrock aquifer underlies the entire Maumee River basin (sections 4A-4A' to 4E-4E', fig. 34), with the exception of the small area underlain by the Lafayette Bedrock Valley (section 4E-4E', fig. 34) where carbonate rock has been eroded. In northern Allen, Dekalb, Noble and Steuben Counties, the bedrock dip and drift thickness restrict the use of the carbonate bedrock aquifer (fig. 35). The Silurian-Devonian carbonate bedrock aquifer is used predominately south of the Maumee River. The 
	The median yield from large-diameter wells completed in the carbonate bedrock aquifer in Allen County is 175 gal/min; well yields range from 35 to 500 gal/min (Bleuer and Moore, 1978, p. 46). South of the Maumee River, the thickness of the drift overlying the carbonate bedrock aquifer averages about 100 ft, and most wells are completed in the bedrock. South of the Maumee River, the potentio­metric slope in the carbonate bedrock aquifer slopes north at 3.7 ft/mi. The slope of the potentiometric surf ace clos
	Karst development in this carbonate bedrock was extensive at the beginning of the Quaternary period. This secondary enhancement of bedrock permeability is responsible for the large well yields available from the carbonate bedrock aquifer. Planert (1980, p. 15) found the permeability of the carbonate bedrock aquifer in Allen County is greatest near the preglacial erosion surface and decreases with depth. The full carbonate bedrock aquifer sequence is about 700 ft thick. The smallest yields from the carbonate
	R. 15 E., the maximum potential ground-water yield from the bedrock is 50 gal/min (Clark, 1980, p. 211). 
	The Maumee River is the lowest surface-water outlet draining the north-dipping part of the carbonate bedrock aquifer sequence in Indiana. Some of the ground-water flow in the carbonate bedrock aquifer sequence enters the Maumee River basin along the southwest boundary of the Maumee River basin. Greeman (1991) found that both the White River basin, and the Wabash River basin (fig. 1) contribute water to the ground-water flow in the carbonate bedrock aquifer. 
	The decision to complete a well in the carbonate bedrock aquifer can be based on absence of an ade­quate unconsolidated aquifer, problems associated with having to set a well screen in an unconsolidated aquifer, or water-quality considerations. The quality 
	Ordovician rocks form a confining unit under­lying the Silurian-Devonian carbonate bedrock aquifer throughout the Maumee River basin. Similarly, till functions as a confining unit overlying the Silurian­Devonian carbonate bedrock aquifer. Because of these confining units, ground-water flow in the carbonate bedrock aquifer is isolated; long flow paths and a slow transmission rate cause ground water to remain in the carbonate bedrock aquifer for years. During the long transit, ground water can become heavily 
	Summary 
	The Maumee River basin encompasses 1,283 miof northeastern lndiana and includes large parts of Adams, Allen, and Dekalb Counties and parts of Noble and Steuben Counties. The physiography of the area can be divided into three major regions: the Steuben Morainal Lake Area, the Lake Maumee Lacustrine Plain, and the Tipton Till Plain. Topog­raphy ranges from nearly level in the Maumee Lacus­trine Plain to hilly (more than 200 ft of relief) in the Steuben Morainal Lake Area. 
	Moraines divide the Maumee River basin into four subbasins that are drained by the Maumee River, 
	Bedrock underlying the glacial drift ranges from Late Ordovician to Early Mississippian in age. Silurian and Devonian carbonate bedrock, less than 300 ft deep, underlies the southern half of the basin. The Silurian-Devonian carbonate sequence ranges from Oto 700 ft in thickness. The carbonate bedrock sequence is absent at the base of the St. Marys Bend segment of the preglacial Lafayette Bedrock Valley. Younger shales overlie the carbonate bedrock sequence in the northern half of the basin. All surface sedi
	Five aquifer types are commonly used for water supply in the Maumee River basin. Surficial sand and gravel aquifers are found along most of the major streams in the basin. Both buried and discontinuous sand and gravel aquifers are present in the Maumee River basin. Buried aquifers are used north of the Maumee River whereas discontinuous aquifers may be used south of the Maumee River. Adequate domestic supplies are available from both types of aquifers, although large yields are available only from buried aq
	Ground water is readily available throughout the basin. Large yields of ground water are available from the unconsolidated aquifers in northern Allen County and southern Dekalb County. Yields of 200 gal/min or more are available from unconsoli­dated aquifers north of the Maumee River. Yields of 35 gal/min or more are available from the carbonate bedrock aquifer south of the Maumee River. 
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	UPPER WABASH RIVER BASIN 
	By Theodore K. Greeman 
	General Description 
	For management purposes, the Indiana Department of Natural Resources has divided the Wabash River basin into three subbasins: an upper basin, a middle basin, and a lower basin. The Upper Wabash River basin extends from the Indiana-Ohio State line downstream to include Wildcat Creek (fig. 36) near Lafayette, Tippecanoe County (fig. 1). This area is approximately 110 mi east-west by 70 mi north-south. 
	The Upper Wabash River basin is 6,918 miand includes all or most of Blackford, Carroll, Cass, Clinton, Fulton, Grant, Howard, Huntington, Jay, Miami, Pulaski, Wabash, White, Whitley, and Wells Counties. and parts of 13 other counties. Principal cities in the basin include Bluffton, Columbia City, Frankfort, Hartford City, Huntington, Kokomo, Logansport, Marion, Monticello, North Manchester, Peru, Portland, Rochester, Wabash, and Warsaw (fig. 36). 
	Previous Studies 
	Numerous reports have been written on the hydrogeology of areas within the Upper Wabash River basin. One of the first was by Capps (1910), who described ground-water sources and artesian-well areas in the central part of this basin. Harrell ( 1935), in his comprehensive hydrologic report on Indiana, described the general features, geology, drainage, ground-water resources and sources of water for each county in Indiana. Although some information in Harrell's report is dated, the report is useful as a histor
	In the 1950's and early 1960's, the Indiana De­partment of Conservation, Division ofWater Resources (now called Department of Natural Resources, Division of Water) published a partial series of county ground­water-resource reports. Nine ofthese repons, discussed below, describe areas within the Upper Wabash River basin. Of the counties described in these reports, only Fulton County is wholly within the Upper Wabash River basin. 
	Stallman and Klaer (1950) described ground­water availability in Noble County. Lithologic logs of numerous wells are included, as well as a potentio­metric-surface map. Rosenshein and Cosner (1956) and Rosenshein (1958) reported on the ground-water resources of Tippecanoe County. The 1956 report pre­sents well-log data and water-level measurements, whereas the 1958 report describes the glacial and bed­rock geology, bedrock topography, hydrologic cycle, ground-water quality and ground-water use. Rosen­shein'
	Four more county reports were published in l 964. These reports, authored by Rosenshein and Hunn (1964a, 1964b, 1964c, 1964d), address the four adjoining counties of Marshall, Fulton, Starke, and Pulaski . All four reports describe the general geology, general sources of ground water, and general water-
	Watkins and Rosenshein (1963) were the first to report the hydrologic prope1ties of the bedrock in the Upper Wabash River basin. They described the trans­missivity, storage and recharge rates for the Silurian bedrock near Bunker Hill, Miami County. Although the values are site specific, they were derived from aquifer tests and are representative of the Silurian bedrock. 
	In 1971, the Wabash River Coordinating Com­mittee released an eight-volume "plan for the conser­vation, management, development and proper preser­vation of the water and related land resources of the Wabash River Basin" (appendix B, p. ii). These reports describe the same management basins as are described in this report. The section about ground water by Nyman and Pettijohn ( 1971) contains a summary of nondomestic well data for the Upper Wabash River basin, specific-capacity and well-yield data for uncon­
	Two Hydrologic Investigations Atlases pub­lished by the U.S. Geological Survey present infor­mation on the Upper Wabash River basin. The first report (Tate and others, 1973) contains information on the water resources in the eastern half ofthe basin. Map data on ground-water quality, surface-water quality, hydrologic balance, surface-water flow duration, surface-water stage and discharge, unconsolidated­aquifer transmissivity, and the potentiometric surface are presented. The study area includes all of the 
	The second Hydrologic Investigations Atlas (Marie and Davis, 197 4) pertains to the western half of the Upper Wabash River basin. This map report pre­sents much of the same type of information presented in the earlier report by Tate and others, but at a different 
	Bleuer and Moore ( 1972) were the first to describe and correlate glacial stratigraphy in the Allen County area. Bleuer and Moore (1978) subsequently described the glacial geology, ground-water avail­ability, ground-water quality, and the potential for deep­well waste disposal in Allen County. These two reports represent a continued etiort to identify and map the stratigraphic units within the unconsolidated drift. 
	A recent trend in ground-water investigations is toward model studies. Planert (1980), in his report on the hydrogeology of pans of Allen, Noble. and Whitley Counties within the Upper Wabash River basin, modeled several ground-water sources and simulated ground-water withdrawal to evaluate streamflow losses and ground-water-level declines. Gillies (1981) examined the ground-water resource potential near Logansport, Cass County. Maps of the geology, a buried-valley aquifer, and the potentiometric surface are
	Bleuer (1989) reported on the buried Lafayette Bedrock Valley System (formerly the Teays-Mahomet Valley System) that converges on Lafayette, Indiana. Bleuer ( 1991) interpreted the sequence of valley­segment formation and the sedimentary facies and stratigraphy of the valley fill in the buried-valley sys­tem. Bleuer and others ( 1991) described the availability of ground-water resources from various segments of the Lafayette Bedrock Valley System within the Upper Wabash River basin. They also described the 
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	Figure 36. Location of section lines and We/ls plotted in the Upper Wabash River basin. 
	Physiography 
	The Upper Wabash River basin lies within two distinct physiographic areas (Schneider, 1966, p. 41): the Northern Moraine and Lake Region, located north of the Eel River, and the Tipton Till Plain, located predominately south of the Eel River. Except for occasional bedrock exposures and recent stream deposits, most physiographic features in the Upper Wabash River basin were formed by glaciers during Pleistocene time. 
	The Northern Moraine and Lake Region in the Upper Wabash River basin is characterized by moraines, outwash, and lake (lacustrine) plains. Depositional environments allow this northern area to be subdivided into two units: the Steuben Morainal Lake Area on the east and the Kankakee Outwash and Lacustrine Plain on the west (fig. 37). 
	The Steuben Morainal Lake Area is charac­terized by interlobate moraine topography. "lnter­lobate moraine" is a term coined by T.C. Chamberlin (1883) to describe the assemblage of moraines between two lobes of glacial ice. The moraine topog­raphy of the Steuben Morainal Lake Area is charac­terized by hummocky terrain and numerous kettle lakes that lack surficial drainage. 
	Glacial stratigraphy is very complex within the interlobate morainal deposits because slumping and ice thrusting obscured much of the original structure. Slumping occurred when entrapped ice melted and created surface depressions. Some depressions are filled with water, whereas others are drained. Hills composed of large blocks of reworked till, as well as ice-contact stratified sand and gravel (kames), are common. Local relief commonly ranges from 100 to 150 ft (Schneider, 1966, p. 52). Meltwater channels,
	The Kankakee Outwash and Lacustrine Plain is characteristically flat and poorly drained. Sand, deposited as outwash by glacial meltwaters, lies at or near the surface throughout much of the area. Most deposits of sand are in valley trains, outwash plains, and lake-sand deposits associated with the Tippecanoe 
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	Figure 37. Physiographic units and moraines in the Upper Wabash River basin. 
	River. Prevailing westerly winds have rearranged the to be more horizontally continuous and less complex sand into dunes in White and Pulaski Counties. than in morainal deposits, except where thin till covers morainal deposits. 
	South of the Eel River is the Tipton Till Plain. The till plain surface is nearly flat to gently undulating, The Wabash Moraine (fig. 37), which forms the poorly drained, and featureless. Surface relief is northeastern boundary of the Upper Wabash River generally less than 10 ft per 1,000 ft. The till plain basin, also forms the major divide between drainage to is underlain by ground moraine and ablation tills. the St. Lawrence River and the Mississippi River. Resurgent periods during the retreat of the las
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	Moraine about 12,000 years ago (Fullerton, 1980, 
	pl. 1). 
	Surface-Water Hydrology 
	The Wabash River drains 32,910 miof Indiana, Hlinois, and Ohio. Of the 23,921 midrained by the Wabash River within Indiana, 11,710 miare included in the three Wabash River management subbasins. Tributaries that are covered separately in this report drain the other 12,211mi• The upper ~art of the Wabash River drains a total of7,203 mi ofwhich 6,918 are in the Upper Wabash River management basin and 285 are in Ohio (Hoggatt, 1975, p. 2, 148. and 202). 
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	The Wabash River begins in Mercer County, Ohio. From Mercer County, the Wabash River flows into Jay County, Ind. (fig. 36). Upstream from the Indiana-Ohio State line, the Wabash River drains 251 mi. Downstream from the State line, another 34 miof Ohio drainage eventually reaches the Wabash River by way of Limberlost Creek and the Mississinewa River (fig. 36). 
	This eastern part of the Wabash River basin is shaped like a shallow bowl as a result of continental glaciation. The glacially scoured landscape slopes northward from southern Randolph County to the Maumee River (sections 4E--4E', fig. 34 and 5J-5J', fig. 40). Moraines function as drainage-collection barriers on the slopes of the bow 1. The moraines prevent tributaries draining the slope from reaching the center of the bowl. In the eastern part of the basin, the Mississinewa, Salamonie and Wabash Rivers dra
	37. Loblolly Creek is partially located in a surface trough that overlies the deeply buried Lafayette Bedrock Valley. 
	Upstream from the Indiana-Ohio State line, the Wabash River flows along the southern edge of the St. Johns Moraine (Ohio name for Salamonie Moraine of Indiana). At Fort Recovery, Ohio, 1 mile east of the State line, the Wabash River has cut across the St. Johns moraine and relocated against the Wabash Moraine. At the State line, the Wabash River is at an elevation of 835 ft above sea level. 
	Downstream from Bluffton, the Wabash River diverges from the Wabash Moraine and continues flowing northwest toward the Little River (Wabash­Erie Channel). The Wabash River flows on or near bedrock in this part of the basin. Huntington Reser­voir, a flood control structure, regulates flow in the Wabash River upstream from the confluence of the Little River. The elevation of the Wabash River is 
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	700 ft above sea level just downstream from Huntington Reservoir. 
	At Huntington, the Wabash River changes orientation, flowing west-southwest, and follows the Little River. The Little River (Wabash-Erie Chan­nel) was the principal outflow channel for glacial Lake Maumee. Bedrock is exposed in the down­stream end of the Little River channel. Downstream from Huntington, the Wabash River flows on bed­rock. Terraces flanking the main channel are composed of stream-deposited sand and gravel. 
	Downstream from Huntington, the Salamonie River (fig. 36) is the next major tributary. The Salamonie River joins the Wabash River from the south bank at Lagro. A flood-control reservoir was constructed on the Salamonie River just upstream of the mouth. Downstream from Lagro to Richvalley (fig 36), the Wabash River flows on bedrock, com­monly without terraces. Valley width in this stretch is slightly narrower than upstream from Lagro. This constriction may be because of the Mississinewa Moraine, through whic
	Just downstream from Richvalley, the bottom of the Wabash River channel is at 635 ft above sea level, whereas the base of the Lafayette Bedrock Valley is at about 460 ft. At this location (section 5E-5E', fig. 40), the buried drainage channel crosses under the Wabash River. 
	The Mississinewa River is the next principal tributary to the Wabash River, entering from the south bank (fig. 36). The city of Peru is 2 mi down­stream from the mouth of the Mississinewa River. From Peru to Georgetown, the Wabash River flows west. Downstream from Peru, the bedrock surface rises, and the Wabash River again flows on rock with unconsolidated terraces. Pipe Creek is the next major tributary to join the Wabash River, also from the south bank. 
	At Logansport, the Eel River joins the Wabash River. The Eel River, which also began as 
	The Wabash River continues to flow on bed­rock downstream from the mouth of the Eel River. At Logansport, terraces along the north side of the Wabash River are composed of unconsolidated material. Bedrock terraces, capped by as much as 60 ft of unconsolidated drift, form the south valley wall. At Georgetown (fig. 36), the orientation of the Wabash River changes again. Downstream of Georgetown, the Wabash River is oriented south­west. 
	The Wabash River flows on bedrock through most of Cass County and part of Carroll County. Just downstream from Georgetown, the Wabash River flows on unconsolidated deposits for several miles. At Delphi, the Wabash River exposes the top of a biohermal reef deposit, and the river tempo­rarily flows on bedrock. Numerous bedrock expo­sures along the Wabash River are klintars, the exhumed tops of biohermal reef masses. Klintars form bedrock knobs that protrude above the surrounding land surface. In northeastern 
	In the area where Crooked Creek enters the Wabash River, the slope of the Wabash River chan­nel decreases from greater than 2.5 ft/mi to less than 
	1.5 ft/mi. This change in slope is because of the large volumes of sediment carried into the Wabash River by the Eel and Tippecanoe Rivers. The Eel and Tippecanoe Rivers are the principal tributaries draining areas north of the Wabash River. Outwash­fan deposits adjacent to the Tippecanoe River (Tippecanoe Fan) have contributed large volumes of sediment to the Wabash River. This sediment loading begins choking the Wabash River channel more than 15 mi upstream of the Tippecanoe River. 
	The largest tributary to enter the Wabash River in the Upper Wabash River basin is the Tippe­canoe River (fig. 36). Although the Tippecanoe River has no bedrock exposures in its channel, several tributaries, including Little Monon and Big Monon Creeks, flow on bedrock. Two reservoirs on the Tippecanoe River are located several miles upstream from the mouth. These reservoirs are for hydroelectric power and are not flood-control struc­tures. 
	Continuing downstream, Wildcat Creek is the last tributary to enter the Wabash River in the Upper Wabash River basin. Wildcat Creek (fig. 36) enters the Wabash River from the southeast bank. From the Tippecanoe River downstream to Wildcat Creek, the Wabash River flows directly over the Battle Ground Lowland Section of the Lafayette Bedrock Valley (fig. 7), and the bedrock surface lies about 100 ft below the Wabash River in this area. 
	Geology 
	Bedrock deposits 
	Bedrock in the Upper Wabash River basin is composed of Paleozoic limestones, dolomites, sand­stones and shales. Bedrock structure is dominated by the Cincinnati Arch (fig. 4), which plunges north­west across this basin. Along the axis of the Cin­cinnati Arch the rocks plunge from 4 to 13 ft/mi 
	(0.04 to 0.14 degree) as indicated by a mapped Ordovician marker bed (Hasenmueller and Bassett, 1980c ). The plunge of the axis is steepest in the northwestern part of the Upper Wabash River basin. 
	From the axis, bedrock dips both northeast into the Michigan Basin and southwest into the Illinois Basin (fig. 4). The dip of the bedrock away from the axis is slightly steeper than the plunge of the axis. Bedrock along the northeast-dipping flank has a maximum dip of 20 ft/mi (0.22 degree) in Kosciusko County, as indicated by a mapped Ordo­vician marker bed (Hasenmueller and Bas sett, 1980c). 
	Most of the Upper Wabash River basin is on the northeast-dipping flank of the Cincinnati Arch. The Wabash River rises on the northeast flank of the arch and follows the plunge axis of the arch from the head­waters to Logansport. At Logansport, a structural bed­rock sag in the crest of the arch, known as the Logan­sport Sag, allows the Wabash River to cross the axis of the Cincinnati Arch and drain toward the Illinois Basin (fig. 4). 
	Bedrock dips southwest in the part ofthe Upper Wabash River basin that includes Benton, Carroll, Clinton, Tippecanoe, and White Counties. The south­west-dipping flank of the Cincinnati Arch ha5 a maxi­mum dip of 17 ft/mi (0.18 degree) in southeast Tippe­canoe County, as indicated by a mapped Ordovician marker bed (Hasenmueller and Bassett, 1980c). During part of the Paleozoic Era, the arch supported coral reef communities that are now deposits of car­bonate rock. Throughout most of the Paleozoic Era, this a
	Although Paleozoic bedrock crops out at numerous locations in the Upper Wabash River basin, it is covered by drift in most places. Most bedrock exposures are near the Wabash River or its southern tributaries. The elevation of the buried bedrock surface ranges from just below 400 ft above sea level (Bruns and others, 1985a), at the base of a deep preglacial valley in Tippecanoe county, to about 1,050 ft above sea level (section 5J-5J', fig. 40) in Randolph County near the Indiana-Ohio State line. 
	The age of bedrock exposed by pre glacial ero­sion ranges from 315 to 440 million years (Palmer, 1983). Older Paleozoic rocks are present in the basin, but they were not exposed to post-Paleozoic erosion. A thick sequence of Cambrian sandstones, siltstones, shales, limestones, and dolomites overlies Precambrian igneous and metamorphic basement rocks. In the Upper Wabash River basin, the Cambrian rocks range from 2,000 to 3,500 ft in thickness. The Cambrian rocks are overlain by younger Ordovician sandstones
	The oldest rock to subcrop the drift in north­eastern Indiana is the Maquoketa Group, an inter­bedded shale and limestone of Ordovician age. The subcrop of Upper Ordovician shales and limestones is present at the base of the Lafayette Bedrock Valley in the eastern one-third of the Upper Wabash River basin (fig. 38). The Geneva Segment of the Lafayette Bedrock Valley (fig. 7) is entrenched about 200 ft into the Ordovician rocks (section 51-51', fig. 40). 
	Overlying the thinly bedded Upper Ordovician shale and limestone is a thick sequence of carbonate rocks, composed of limestones and dolomites. The carbonate rocks were deposited by marine organisms that lived in the seas during the Silurian and Devonian Periods. Silurian formations of the carbonate rock sequence are the Brassfie Id Limestone, Cataract Formation, Salamonie Dolomite, Pleasant Mills Formation, and the Wabash Formation. Overlying the Silurian formations is the Devonian Muscatatuck Group (fig. 3
	The lithology of the Silurian-Devonian carbonate rock sequence is variable. Clayey carbonate rocks are more common than pure carbonate deposits. Dolomite has replaced limestone in some areas, and interbedded chert deposits are common in others. Bedded gypsum and anhydrite are found in the Devonian part of the carbonate rock sequence. The color of carbonate bedrock ranges from white to brown, and the texture ranges from 1nicrite (a fine-grained crystalline precipitate) to bioclastic (a fossiliferous reef­fra
	The Silurian and Devonian carbonate rock sequence attains a maximum thickness of 700 ft in northeastern Whitley County. Postdepositional erosion has thinned the carbonate rock sequence significantly in most of the basin. Because carbonate rocks are relatively resistant to weathering, they form the bedrock surface across the top of the Cincim1ati Arch. Carbonate rocks are at the bedrock surface in about 75 percent of the Upper Wabash River basin (fig. 38). Some carbonate rocks are at the bedrock surface in e
	After the deposition of carbonate rocks, a major change in sea level occurred. During the Devonian Period, sea level dropped relative to the arch, and the connection between the Michigan and Illinois Basins was interrupted. The Illinois and Michigan Basins both contain younger Devonian rocks, which display facies changes indicating shallowing seas and exposed land areas (Droste and Shaver, 1983, p. 24). The presence of sand indicates sandy coastal facies nearest to the arch edges. Kerogen-rich black shales 
	The New Albany Shale and equivalent shales were deposited during a 15 1nillion year period (Palmer, 1983) extending from the Devonian Period into the early Mississippian Period. Although these fine-grained oil shales are as thick a5 150 ft in the basin, the entire shale thickness remains in only a few subcrop locations in the Upper Wabash River basin. These formations have been thinned by erosion except where they are overlain by younger rocks. 
	Overlying the New Albany Shale is a thin lime­stone, known as the Rockford Limestone. Where present, the Rockford Limestone is less than 22 ft thick (Shaver and others, 1986, p. 124). In this basin, the top and bottom contacts of the Rockford Limestone are conformable and sharp. Both overlain and underlain by shales, this thin limestone is an excellent Lower Missis­sippian marker bed. This limestone has a uniform lithologic texture over a large area of Indiana and Illinois. 
	Where present, the Rockford Limestone is overlain by silts and shales of the Borden Group. The Borden Group shales are the youngest Mississippian subcrops in the Upper Wabash River basin. When deposited, the Borden Group probably was more than 500 ft thick in this area. Now, because of postdeposi­tional erosion, the Borden Group is generally less than 50 ft thick in Benton, Clinton, Tippecanoe, and White Counties. In the Upper Wabash River basin, the Borden Group subcrop area covers less than 100 miand is b
	The youngest rocks in the Upper Wabash River basin were deposited during the early Pennsylvanian Period. In Benton and White Counties, a shaley sand­stone of the Raccoon Creek Group (Shaver and others, 1986, p. 120 and 121) forms re1nnant caps overlying older rocks. The rocks are medium-to coarse-grained sandstones in alluvial-channel deposits containing carbonaceous shale lenses (SJ. Keller, Indiana Geo­logical Survey, oral commun., 1990). These isolated subcrops of Pennsylvanian rock are generally less th
	The Pennsylvanian rocks in the Upper Wabash River basin unconformably overlie Mississippian and Devonian rocks. After the deposition of the Missis­sippian rocks, a major erosional event removed most Mississippian rocks from this basin. At the northern end of hydrogeologic section 5A-5P.: (fig. 40), more than 1,300 ft of Upper Mississippian and Lower Penn­sylvanian stratigraphic section is missing (Gray, 1979, p. Kl2). Hydrogeologic section 5A-5A' (fig. 40) indicates erosion of the New Albany Shale in the Wo
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	When the first pre-Illinoian glacial lobe Packerton Moraine and Mississinewa Moraine in 
	EXPLANATION 
	PENNSYLVANIAN COMPLEXLY I NTERBEDDED SHALE AND SANDSTONE, WITH THIN BEDS OF LIMESTONE AND COAL-Composed of the Rocoon Creek Group 
	MISSISSIPPIAN SILTSTONE AND SHALE WITH MINOR SANDSTONE AND DISCONTINUOUS LIMESTONE--Composed of the Borden Group 
	ROCKFORD LIMESTONE 
	DEVONIAN AND MISSISSIPPIAN SHALE-Composed of the New Albony Shole 
	DEVONIAN AND 
	MISSISSIPPIAN SHALE-Composed of the Antrim ond Ellsworth Sholes 
	DEVONIAN LIMESTONE AND DOLOMITE--Composed of the Muscototuck Group 
	SILURIAN DOLOMITE AND 
	LIMESTONE--Composed of the 
	Wobosh ond Pleosont Mills Formotions, ond the Solomonie Dolomite, Cotoroct Formation, ond Brassfield Limestone 
	ORDOVICIAN SHALE AND LIMESTONE--Composed of the Moquoketo Group 
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	Glacial ice invaded Indiana several times during the Pleistocene Epoch (1 million to 10,000 years ago). Moving from several spreading centers in Canada, glaciers followed physiographic low­lands and major valleys to reach Indiana (fig. 8). The Huron-Erie Lobe moved into northeastern Indiana from the Lake Erie and Lake Huron basins several times. The Huron-Erie Lobe followed a bedrock low land developed on Devonian and Mississippian shales. Synchronously, glacial ice moved south out of the Lake Michigan basi
	A third lobe of ice, the Saginaw Lobe, filled the area between the other two lobes. This lobe moved through the Saginaw Bay area of Michigan. Glaciers competed for space in the Upper Wabash River basin several times. The Saginaw Lobe moved southward until its path was blocked by the Lake Michigan Lobe on the west and the Huron­Erie Lobe on the south and east. With its westward path blocked, the Huron-Erie Lobe advanced south­ward onto the carbonate bedrock platform in central and eastern Indiana. 
	Glaciers have followed these glacial flow paths into Indiana several times. More is known about the most recent glacial advance, the Wiscon­sinan glacial stage, than about earlier advances. This is primarily because of the presence of the Wisconsinan drift at the land surface. Many drift deposits from earlier glacial periods have been scoured and incorporated into younger sediments. Others are buried under younger deposits. 
	During each advance, thick glacial ice cov­ered the land. Glacial ice in the Upper Wabash River basin is estimated to have been several thousand feet thick (Harrison, 1958, p. 84). In addition to tremendous volumes of water, glaciers also transported huge volumes of sediment into Indiana. Glacially transported sediment choked drainages and aggraded channels. 
	reached Indiana from the north and northeast and spread out onto the carbonate bedrock platform, it encroached upon a major valley system known as the Lafayette Bedrock Valley (fig. 7). This pre­glacial channel was entrenched more than 350 ft into the nearly horizontal Paleozoic sediments. Sediment from the advancing glacier blocked this valley in at least two places. In eastern Indiana. a gray loam till and other sediments filled the valley from "rock rim to rock rim," whereas a claystone­bearing red till 
	Within a physiographic area, the surficial unconsolidated deposits generally have the same depositiona1 history. Because of this regional simi­larity, the unconsolidated geology will be discussed by physiographic regions (fig. 37). Exceptions to this general rule are common, however, especially in areas underlain by the Lafayette Bedrock Valley. 
	The first physiographic area, the Steuben Morainal Lake Area (fig. 37), is located north of the Eel River and east of Logansport, and it includes the Tippecanoe River basin upstream of Monterey. During the Late Wisconsinan, the Huron-Erie Lobe of glacial ice moved west-southwest into Indiana from the Lake Erie basin as the Saginaw Lobe moved south-southwest into Indiana from the Saginaw Bay area. When the two lobes met, they blocked each other and stagnated. After stagnation, the Saginaw Lobe was partially 
	A thick deposit of glacial drift, herein called the "moraine complex," was built up by repeated glacial advances of the two lobes. The moraine complex is composed of unsorted clay, silt, sand, gravel, and boulders in irregular deposits; drift is more than 250 ft thick in this area (fig. 39). The moraine complex includes areas depicted as 
	As the Saginaw and Huron-Erie Lobes competed for space, they formed very complicated geologic deposits. Any original depositional struc­ture within the drift of the moraine complex was obliterated by glacial thrusting. Within the moraine complex, blocks of ti11 were shoved together by glacial ice. Sand and gravel were carried into available spaces between till blocks by meltwater. Numerous kettle lakes are present in this area; the depressions for these lakes resulted from the burial of glacial ice. 
	The second physiographic area exhibiting distinct unconsolidated deposits corresponds with the Kankakee Outwash and Lacustrine Plain (fig. 37). This area is northwest of the Packerton Moraine and north of the Wabash River. The Tippecanoe River currently drains this area, but this was not always the case. 
	During the retreat of the Saginaw Lobe, melt­water drained from Indiana by way of the Kankakee River drainage basin. This meltwater carried large volumes of sediment, which choked the streams draining the area. Surficial sand deposits, some more than 50 ft thick, were laid down. As the ice terminus shifted and meltwater volume varied, however, the streams draining this area changed routes several times. 
	Stream piracy has been active in the devel­opment of the Tippecanoe River and Yellow River drainage basins. (The Yellow River is not in the Upper Wabash River basin; it is a tributary of the Kankakee River.) Several glacial sluiceways con­nected the Yellow River with the Tippecanoe River basin. At Ora, on the Pulaski County-Starke County line (fig. 36). the basin divide between the Tippe­canoe River and Yellow River is only 15 ft above the normal flow elevation of the Tippecanoe River. Topographic relief an
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	\ Figure 39. Thickness of unconsolidated deposits in the Upper Wabash River basin. 
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	The third physiographic area of similar unconsolidated geology is south of the Eel River and east of Peru. This is the northeastern part of the Tipton Till Plain, which is covered with clay-loam till. These till deposits have been radiocarbon dated as more than 14,000 years old (Wayne, 1963, p. 44). In the Upper Wabash River basin, nearly all surface sediments south of the Eel River are of glacial origin and are considered to be part of the Lagro Formation of Late Wisconsinan age (Gray, 1989). The Mis­sissi
	South of the Eel River, till covers the broad Silurian carbonate bedrock platform. In the area between the Eel River and the Wabash-Little River Channel, drift thickness is greater than 150 ft (fig. 39). Lagro till composition ranges from 35 to 55 percent clay, 35 to 50 percent silt, and 10 to 30 percent sand by weight (Gooding, 1973, p. 8). Clay content in this till sheet is inversely proportional to sand content, with the combined weight of clay and sand equaling about 65 percent of the total weight. 
	The area south of Huntington and east of Peru was scraped clear of most pre-Wisconsinan drift, and the Lagro drift sheet is commonly less than 50 ft thick (fig. 39). Exceptions to the thin drift are areas underlain by the Lafayette Bedrock Valley (fig. 7). Drift greater than 400 ft thick is common within the buried preglacial valley (fig. 39). A basal sand and gravel overlies much of the bedrock south of the Wabash River (sections 5H-5H' to SJ-SJ', fig. 40). This basal deposit is generally less than 10 ft t
	In the area of thin drift, erosion has removed the thin drift from the valleys of the large streams. The Wabash, Mississinewa and Salamonie Rivers flow on, or near, the bedrock. Exceptions are where the Wabash River crosses buried drainage channels. Two examples of this are (1) more than 300 ft of unconsolidated deposits underlie the Wabash River at Geneva and (2) more than 175 ft of unconsolidated deposits underlie the Wabash River just upstream 
	The fourth and final area of distinct unconsoli­dated deposits in the Upper Wabash River basin is south of the Wabash River and west of the Missis­sinewa River. This area corresponds to the part of the Tipton Till Plain that is covered by the Trafalgar Formation of Late Wisconsinan age (Gray, 1989). This area is underlain by buried moraines and thick deposits of drift. Drift thickness increases southward from the Wabash River and generally ranges from 0 to 200 ft in this area, although more than 350 ft of d
	In this part of the Tipton Till Plain, the till is composed of an uncemented silty, sandy, calcareous till containing abundant pebbles and cobbles with scattered beds and lenses of silt, sand, and gravel (Shaver and others, 1970, p. 176-178). Drift origi­nated from a northeastern (Huron-Erie Lobe) source. East of Pipe Creek, the Trafalgar Formation is covered by the younger Lagro Formation, both of Late Wisconsinan age (Wayne, 1963, p. 48). 
	Aquifer Types 
	Ten hydrogeologic sections in the Upper Wabash River basin (fig. 40) were constructed for this atlas. All are oriented perpendicular to the Wabash River. Eight of these hydrogeologic sections (5C-5C' to 5J-5J', fig. 40) are oriented south-north parallel to township boundaries and are 12 mi apart. The two westernmost hydrogeologic sections (5A-5A' and 5B-5B', fig. 40) are oriented south­southeast to north-northwest (fig. 36). Hydrogeo­logic sections 5A-5A', 5B-5B', and 5C-5C' (fig. 40) are approximately 20 m
	1.4 wells per mile. The 10 hydrogeologic sections (5A-5A' to 5J-5J') have a combined total length of 594 miles and a total of 833 plotted wells. 
	Additional bedrock-altitude information used in the hydrogeologic sections was from Bruns and others (1985a, 1985b, 1985c). Bedrock-stratigraphy information was supplemented by Bassett and Hasen­mueller ( 1979, 1980) and Hasenmueller and Bassett (1980a, 1980b, 1980c). Other supplemental bedrock information was obtained from Bassett and Keith (1984) and Cazee (1988). 
	A map showing the extent of aquifers in the Upper Wabash River basin (fig. 41) was constructed by use of the hydrogeologic sections. Additional information for the aquifer map was obtained from the "Quaternary geologic map of Indiana" (Gray, 1989) as well as other studies referenced elsewhere in this section. 
	The aquifer map shows six types of aquifers used in the Upper Wabash River basin. Of these six aquifer types, four are restricted to the extensive unconsolidated deposits. These include surficial sand and gravel aquifers, buried sand and gravel aquifers, discontinuous sand and gravel aquifers in isolated deposits, and deep bedrock valleys, which may contain sand and gravel aquifers. A fifth aquifer type is carbonate bedrock of Silurian and Devonian age or of Early Mississippian age. The Silurian and Devo­ni
	Characteristics of the five primary aquifer types in the Upper Wabash River basin are listed in table 7. Differences between the types of sand and gravel aquifers are not indicated on the hydrogeo­logic sections. 
	Unconsolidated Aquifers 
	Surficial Sand and Gravel Aquifers 
	Surficial sand and gravel has been deposited in three environments: (1) outwash plains and valley trains where sediment was deposited by glacial meltwaters; (2) alluvial environments where sedi­ment is being deposited by present-day streams; and 
	(3) sand dunes where sediment was deposited by the wind. Most of the surficial sand and gravel deposits in the Upper Wabash River basin are glacial in origin. Glacial meltwater carried sand and gravel away from the margin of active glaciers. Outwash-plain and valley-train deposits formed along glacial drainage routes. Large outwash deposits of unconsolidated sand and gravel are present along the Eel River, Tippecanoe River and along the Wabash River down­stream from Delphi. Tremendous volumes of sedi­ment w
	Outwash-plain deposits blanket more than 600 miof the Upper Wabash River basin with sand and gravel. Most surficial outwash-plain deposits are near the Tippecanoe River. These outwash-plain deposits form a blanket of sand from 20 to 80 ft thick. Outwash-plain deposits are mapped north of Lake Shafer at Buffalo (section 5B-5B', fig. 40). Here, the surficial deposits are from 20 to 50 ft thick and as much as 720 ft above sea level. Surficial deposits of sand and gravel, as much as 80 ft thick, are mapped (sec
	Beginning at Delphi, terraced valley-train sands and gravels are present along the Wabash River. These valley-train deposits form two terraces above the current flood plain. (See McBeth, 1902, 
	p. 237.) The terraces formed at the time the glaciers were melting. The width of the outwash deposits range from 1.5 to 2.5 mi upstream from Logansport, and from 2 to 3 mi downstream from Delphi. Large flow volumes during glacial time scoured the shallow bedrock and prevented the accumulation of major unconsolidated deposits along the Wabash River upstreain from Logansport. 
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	cate the connection between surface drainage and the Sand dunes are another common type ofsurficial buried sand and gravel aquifers. Except during high unconsolidated deposit in the Upper Wabash River stream stage, ground water commonly discharges to the basin. Wind has reworked both alluvial and outwash streams. deposits into sand dunes. Two of the largest dWies are shown (T. 29 N. and 30 N.) in hydrogeologic section Kokomo, buried aquifers are common and fairly exten­
	5B-5B' (fig. 40). These dunes stand 20 to 30 ft above the outwash plain. Dune deposits are very fine grained interface ofbedrock and drift. North of the Wabash River in the Upper Wabash River basin most ground­
	sand deposits a poor source of ground-water.water production comes from buried sand and gravel aquifers. Ground water in buried aquifers is gener­
	Buried Sand and Gravel Aqui1ers 
	ally confined. Large yields of water, ranging from 20
	500 Most of the sand and gravel deposits in the Upper to 1,350 gal/min are available from buried aquifers in Wabash River basin are buried (fig. 41). Forming the Upper Wabash River basin. The largest yields general horizons within the drift, buried sand and gravel available are in Kosciusko, Noble, and Whitley aquifers formerly were isolated-to reticulating-fan, sub-Counties (Clark, 1980, p. 33). 300 
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	Bleuer and Moore (1978, p. 43) report that, in a study for Allen County, water from the glacial aquifers 
	I 
	~ 
	~ ~ has higher dissolved concentrations of bicarbonate,
	...,j _, 
	::i: 
	u ~ :c: l..J FEET iron, and zinc than water from the carbonate bedrock 
	~ loJ ~ Q
	-r1,000 
	aquifer. Water in wells sampled from glacial aquifers contained four times as much dissolved iron as water in wells sampled from the carbonate bedrock aquifer.
	900 
	None of these constituents present a health hazard in concentrations reported. 
	800 
	Numerous deposits of cemented sand and gravel 700 have been found in the Upper Wabash River basin.
	? 
	.....
	--·--chemical deposition of calcium carbonate and hydrous 
	" 
	-----... ... .. ,,,·----------= -----
	·-"'·---~ ::-.:-.._-
	-• -----~ • "° ~ -01:.l'IJ ---600
	------~ -~ -,.. --:.·--iron oxides dissolved in ground water. Deposition of
	--------.--~ --.•---.--------
	--.... -r--~··-.,I:.:_ ... .,_ D 
	the cementing agents occurs where confined aquifers 
	are exposed to the atmosphere, as in aquifer outcrops along streams. One notable occurrence of a cemented sand and gravel deposit is Prophet's Rock, at the 
	Tippecanoe Battleground site, Battle Ground, Ind. Prophet's Rock (T. 24 N.), shown on hydrogeologic I ~ -£>ct :n,-I t --re j ,::;:,_, / f:7::-:rz ,._., 30 0 section 5A-5A' (fig. 40), is an outcrop of sand, gravel, and cobbles cemented by calcium carbonate. 
	T.32 N. 
	Discontinuous Sand and Gravel Aquifers
	NORTH 
	>-I 
	z 
	Two main areas of discontinuous buried sand
	~15G' 
	and gravel aquifers are shown on the aquifer map 
	~ 
	(fig. 41). Within these areas, aquifers are small,
	ii FEET 
	discontinuous deposits (lenses) of sand and gravel at
	MORAINE 
	scattered elevations. Braided streams and sub-ice 
	channels formed sinuous sand and gravel deposits, 
	which are not continuous over broad areas. Further 
	disruption of deposits resulted from glacial scour and 
	shoving. Discontinuous aquifers supply adequate water for domestic needs; however, the larger yields necessary for agricultural, industrial and municipal needs may be unavailable. Most wells penetrate several lenses of sand and gravel. 
	DATUM IS SEA LEVEL 
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	One area of discontinuous sand and gravel, located between the Tippecanoe and Eel Rivers in Kosciusko, Wabash, and Whitley Counties (fig. 41), extends northeast into the St. Joseph River basin. This area is within the Steuben Morainal Lake physio­graphic area and is mapped as morainal topography by Gray (1989). The area is labeled "moraine complex" on hydrogeologic sections 5F-5F' (fig. 40) and as "Mississinewa Moraine" in Tps. 31 and 32 N. in hydrogeologic section 5G-5G' (fig. 40). 
	The second area of discontinuous sand and gravel is in eastern Clinton and western Howard Counties, within the Tipton Till Plain (fig. 41). This area does not coincide with mapped surficial geologic features (Gray, 1989), although thick morainal deposits are present in the subsurface. The lack of aquifer conti­nuity in this buried moraine area is shown in Tps. 22 and 23 N.ofhydrogeologic section 5C-5C' (fig. 40). Parts of another discontinuous aquifer deposit are present in Jasper, Pulaski, and Starke Count
	In areas with discontinuous sand and gravel aquifers, the interconnection between ground water and surface water is not evident due to the low perme­ability of the enclosing materials. Water in discon­tinuous sand and gravel aquifers is generally confined. When several discontinuous aquifers are penetrated, the potentiometric head in each successive aquifer is generally lower than the potentiometric head of the aquifer above it. This is indicative of ground-water recharge through low-permeability materials.
	Sand and Gravel Within Buried Preglacial Bedrock Valleys 
	During this century, information obtained by exploratory drilling for oil and water has been used for 
	The only surface indications of the buried bed­rock valley are in the area of Loblolly and Limberlost Creeks near Geneva in Adams and Jay Counties, and near Richvalley in Wabash and Miami Counties. Near Geneva, a swamp formed in the surface depression directly above the buried valley. This swamp is drained by Loblolly Creek, which follows the buried valley. The drape of the stratigraphy above this deep valley is shown in T. 24 N. of hydrogeologic section 51-5!' (fig. 40). 
	At Richvalley, the Wabash River's bedrock channel ends and the valley widens as the Lafayette Bedrock Valley tangentially crosses 170 ft below the river. Hydrogeologic section 5E-5E' (fig. 40) transects the valley (T. 27 N.) between Richvalley and Peru. Although the Wabash River has a rock channel up­stream and downstream, it has an alluvial channel in this area. Channel width and slump compaction of thick valley fill has facilitated the deposition of thin alluvial sediments over thick glacial outwash in th
	The stratigraphy of the valley fill has been recently studied. Bleuer (1991) and Bleuer and others (1991) report on the stratigraphy of unconsolidated deposits within the buried valley. Detailed strati­graphic information on the location of thick, highly transmissive unconsolidated deposits within the buried valley are intended to allow planners to locate high­yield wells. In summary, Bleuer and others (1991, 
	p. 88) state the general rule "...west is best, east is least...," meaning that the buried aquifer has high yields from about Peru westward to Illinois, whereas productivity is less dependable eastward toward Ohio. 
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	areas. Several municipal users withdraw ground water from aquifers in or just above the Lafayette Bedrock 
	1,200 
	Valley. Cities in the Upper Wabash River basin that use the buried valley aquifer are Berne, Decatur, 
	Geneva, Marion, La Fontaine, and Peru. Some valley fill aquifers are so thick and areally extensive that they can easily supply sustainable yields of tens of millions 
	ofgallons per day (Bleuer and others, 1991, p. 79). 
	Three areas of the Upper Wabash River basin are 
	underlain by few unconsolidated aquifers. These three areas are (1) Adams and Wells County, (2) western Grant County, and (3) parts of White and Pulaski 
	800 
	Counties. These three areas are similar in that thin drift deposits overlie scoured bedrock. Although yield from 70 0 the drift-bedrock interface is small, a thin sand and gravel unit is generally present 
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	nondomestic wells are 200 and 360 gal/min for the cation of the carbonate bedrock aquifer by surface water flow in the regional carbonate bedrock aquifer water entering the ground-water system has further is toward the Maumee River basin from as far west as 
	(Nyman and Pettijohn, 1971, p. 47). enhanced the secondary permeability of the carbon­Huntington, Ind. and as far south as Randolph
	ate bedrock aquifer throughout the basin. This County (fig. 36) (Greeman, 1991). Southwest of the
	fer underlies nearly all of the Upper Wabash River 
	secondary enhancement of permeability is respon­regional ground-water flow divide in the Silurian­
	basin (fig. 41). Carbonate bedrock is absent from the 
	sible for the largest well yields available from the Devonian carbonate bedrock aquifer, ground-water
	base of the Lafayette Bedrock Valley in the eastern 
	carbonate bedrock aquifer. Planert (1980, p. 15) flow is toward the Wabash River. Hydrogeologic
	part of the basin, whereas it is 700 ft thick near the 
	found that the hydraulic conductivity of the carbonate sections 5G-5G' to 51-51' (fig. 40) illustrate these
	tricorner area of Allen, Whitley, and Noble Counties. 
	bonate bedrock is a dependable source in most of the
	Along the far northern side of the basin, increasing 
	preglacial erosion surface and decreases with depth. 
	River basin (Greeman, 1991). Northeast of this yields are less common. Well yields from the of the land surface in many areas; however, not all Ground-water flow in the carbonate bedrock divide, more than 1,000 miof the Upper Wabash Silurian-Devonian carbonate bedrock aquifer system wells tap the carbonate rock, as domestic supplies are aquifer is through vertical fractures, horizontal River basin, and part of the White River basin (fig. 1) range from 15 to 1,250 gal/min. Median yields for 
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	Figure 41 . Extent ol aquifer types in the Upper Wabash River basin. 
	Table 7. Characteristics of aquifer types in the Upper Wabash River basin 
	EXPLANATION 
	[Locations of aquifer types shown in fig. 41) 
	BURIED BEDROCK VALLEY
	[3, AQUIFER 
	WATER-MANAGEMENT-BASIN BOUNDARY 
	NOTE: This map is designed far regional evaluations and should not be the basis for evaluation of specific sites 
	Where the carbonate rock is overlain by shale, ground-water circulation is restricted. This restric­tion allows time for accessory minerals to dissolve and degrade the quality of the ground water in the carbonate bedrock aquifer. Concentrations of dis­solved minerals become objectionable in areas where circulation is restricted. A common objectionable constituent is sulfate, which dissolves from gypsum. Elevated concentrations of sulfate are prilnarily reported from carbonate rocks of Devonian age. Bleuer a
	A Lower Mississippian carbonate bedrock 
	aquifer (Rockford Li1nestone) underlies the 100 mi
	Borden Group subcrop in the far western part of the 
	Bleuer and others, 199 I. 
	Upper Wabash River basin. Hydrogeologic section 5A-5A' (fig. 40) indicates the location of the Rock­ford Limestone and its distribution. The Rockford Limestone is not a productive aquifer. It is, however, approximately 130 ft shallower than the Silurian­Devonian carbonate bedrock aquifer in this area. The Rockford Limestone attains a thickness of as 1nuch as 22 ft in this basin. Although wel1 yields are small, they may be suitable for domestic needs. 
	The deep Ordovician and Cambrian rocks contain several potential aquifers. In the Upper Wabash River basin, however, these Ordovician and Cambrian rocks are not used as aquifers, because they are deeply buried and the water is saline. 
	Summary 
	The Upper Wabash River basin, located in north-central Indiana, is the largest water manage­ment basin (6,918 mi) in Indiana. It includes the cities of Bluffton, Columbia City, Frankfort, Hartford City, Huntington, Kokomo, Logansport, Marion, 
	Rochester, Wabash, and Warsaw. 
	Six different aquifer types were mapped within the basin (fig. 41): (1) surficial sand and gravel, 
	(2) buried sand and gravel. (3) discontinuous buried sand and gravel, ( 4) sand and gravel within buried preglacial bedrock valleys, (5) carbonate bedrock of Silurian and Devonian ages and Lower Mississippian age, and (6) an upper weathered-bedrock aquifer in Mississippian shale. 
	The Upper Wabash River basin contains large volumes of usable ground water. The principal source of ground water in this basin is the unconsoli­dated deposits. More than 600 mi of the basin is covered by surficial sand and gravel deposits, which average 30 ft in thickness (Nyman and Pettijohn. 1971, p. 55). Most surficial deposits are in the Tippe­canoe River drainage. Domestic water supplies fro m buried sand and gravel aquifers are available throughout most of the basin. Yields from the sand and gravel aq
	The most productive aquifer system in the basin is within the buried Lafayette Bedrock Valley deposits. Some segments of the Lafayette Bedrock Valley contain unconsolidated deposits that are capable of producing as much as 2.000 gal/min. The cities of Decatur, Geneva, Marion, La Fontaine, and Peru derive all or part of their water supply from the buried-valley segments. Some valley-fill aquifers are so thick and areally extensive that they can supply sustainable yields of tens of millions of gallons per day
	The Silurian-Devonian carbonate bedrock aquifer is the primary bedrock ground-water resource. The carbonate bedrock aquifer is within 300 ft of the land surface in more than 80 percent of the Upper Wabash River basin. Yields of wells that tap carbonate bedrock aquifers in this basin range from Oto 1,250 gal/min; however, the bedrock aqui­fer is seldom used in most areas because of the abun­dance of ground water in unconsolidated aquifers. 
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	MIDDLE WABASH RIVER BASIN 
	By Paul K. Doss 
	General Description 
	The Middle Wabash River basin, as defined in this report, encompasses 3,453 miof west-central Indiana (Hoggatt, 1975). The basin is bounded on the west by Illinois, extends eastward to approxi­mately 12 mi east of Lebanon, and extends north­south from approximately 10 mi south of Terre Haute to approximately 18 mi north of Lafayette (fig. 42). The Middle Wabash River basin includes all of Fountain, Montgomery, Vermillion. and Warren Counties, significant parts of Benton, Boone, Parke, Tippecanoe, and Vigo C
	Previous Studies 
	Several facets of the water resources of a large part of the Middle Wabash River basin were examined by Wangsness and others (1983), who summarized regional ground-water quantity and quality, surface-water quantity and quality, and 
	The cities of Lafayette and West Lafayette, combined, fonn the largest population center within the Middle Wabash River basin. Several studies have examined the hydrogeology of glacial deposits underlying the Lafayette area. Maarouf and Melhorn (1975) discussed shallow-bedrock and unconsoli­dated aquifers and produced lithofacies maps of the unconsolidated materials to a depth of 400 ft. The ground-water resources of buried bedrock-valley deposits west of the Lafayette area in Illinois, were described by Vi
	Several reports have been prepared on a county scale that describe the ground-water resources of counties in the Middle Wabash River basin. Reports by Watkins and Jordan list well-records and give preliminary infonnation on geology and ground
	Physiography 
	Topographic relief within the Middle Wabash River basin is approximately 530 ft. Altitudes range from a low of nearly 440 ft above sea level to a high of 970 ft above sea level. The lowest point is in the valley of the Wabash River at its exit from the basin in Vigo County and the highest point is in the uplands of Boone County in the eastern part of the basin. 
	The valley of the Wabash River is a dominant physiographic feature within the basin. In places the valley is 2 to 3 mi wide. Large expanses of flood­plain lowlands are present at the confluences of major tributaries such as the Vennil1ion River and Big Raccoon Creek. Prominent terrace surfaces can also be seen in many areas along the course of the river valley. 
	The surface physiography of the Middle Wabash River basin is dominated by the Tipton Till Plain (fig. 43). The southern extent of the Tipton Till Plain is marked by the Shelbyville Moraine and coincides with the southern extent of Wisconsinan glaciation in the basin. The Tipton Till Plain is a generally featureless, flat to gently-rolling plain, which is interrupted in places by very low-relief end moraines, including the Chatsworth, Crawfordsville, 
	p. 107; Schneider, 1966, p. 50). Some ice-disinte­gration features. including disintegration ridges and prairie mounds, also can be seen within the Tipton Till Plain in the Middle Wabash River basin (Bleuer, 1974). 
	South of the Wisconsinan glacial boundary, physiography is controlled by bedrock, although pre­Wisconsinan glacial deposits and Wisconsinan loess are present at land surface. The Wabash Lowland makes up most of the area south of the Wisconsinan glacial boundary within the Middle Wabash River basin (fig. 43). The Wabash Lowland is charac­terized by broad, terraced valley bottoms and undu­lating uplands (Schneider, 1966, p. 48). The overall subdued topography is controlled d0minantly by the underlying fine-gr
	There are several large areas of human­disturbed land in the basin. particularly in the southern part in Vennillion, Vigo, Clay, and Parke Counties. Most of the disturbed land in those counties results from surface mining of coal and tailings disposal. 
	Surface-Water Hydrology 
	The Wabash River is the main surface drainage channel within the Middle Wabash River basin. Mean discharges at gaging stations which monitor the Wabash River range from 6,484 ft/s at Lafayette to 10.870 ft/s at Terre Haute (Arvin, 1989). Daily mean discharges for the 1988 calendar year at Lafayette range from a minimum of 702 ft/s to a maximum of 32,600 ft/s (Thompson and Nell, 1990, 
	p. 99). The Wabash River flows from east to west in the northern part of the basin and from north to south in the central and southern parts; the major change in 
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	Figure 42. Location of section lines and wells plotted in the Middle Wabash River basin. 
	direction of flow is near Covington, Ind. (fig. 42). Gray and others, 1987). The youngest bedrock The Wabash River enters the basin near Lafayette in subcrop includes elastic rocks of the Pennsylvanian Tippecanoe County, flows through Tippecanoe and McLeansboro Group in Vigo and Vermillion Warren Counties, continues along the county line Counties along the Illinois-Indiana State line. between Vermillion County and Fountain and Parke 
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	Figure 43. Physiographic units, moraines, and extent of glaciation in the Middle Wabash River basin. 
	Counties, and then exits the basin through Vigo County at the Illinois-Indiana State line. 
	Little Pine, Big Pine, and Mud Pine Creeks drain the northern part of the Middle Wabash River basin (fig. 42). The confluence of Big Pine Creek with the Wabash River is at Attica, Indiana. The Coal Creek system drains the north-central and central part of the basin. The confluence of Coal Creek with the Wabash River is just east of Cayuga. Sugar Creek, a major tributary in the basin, flows southwest out of Crawfordsville and drains the entire eastern and south-central part of the basin. The confluence of Su
	M. Hardin Lake (Mansfield Reservoir), east of Rockville in Eastern Parke County. The confluence of Raccoon Creek with the Wabash River is south of Montezuma. The Vermillion River drains the western part of the basin and joins the Wabash River southeast of Cayuga. Much of the Vermillion River basin is in Illinois and hence, is not covered in this report. Most of the major tributaries to the Wabash River in western Indiana have, in places, cut through the cover of unconsolidated deposits and occupy valleys wi
	Geology 
	Bedrock Deposits 
	The Middle Wabash River basin lies on the eastern and northeastern margin of the structural Illinois Basin and on the southwestern limb of the Kankakee Arch (fig. 4). Bedrock units strike gener­ally northwest, dipping gently into the interior of the Illinois Basin. Subcrops of rock units at the bedrock surface are progressively younger westward (fig. 44). The oldest rocks exposed at the bedrock surface are carbonate rocks of the Wabash Formation of Silurian age in Boone, Clinton, and Tipton Counties (fig. 4
	At least three major unconformities are present in the stratigraphic sequence, including the Silurian­Devonian disconformity, the Mississippian-Penn­sylvanian angular unconformity, and the pre-Pleis­tocene angular unconformity (the Silurian-Devonian disconformity is not shown on hydrogeologic sec­tions of the Middle Wabash River basin; Silurian and Devonian rocks are represented as a continuous sequence of parallel carbonate rocks). The erosional surface at the Mississippian-Pennsylvanian boundary, in some 
	The bedrock surface underlying unconsoli­dated materials has preserved a topography that was at least partially acquired before Pleistocene glacial deposition. A regional, east-west paleodrainage system with many tributary valleys converge into a trunk valley in the vicinity of Lafayette, Ind. This bedrock valley system has historically been referred to as the Teays-Mahomet bedrock valley (Wayne, 1956, p. 36) and, more recently, as the Lafayette Bedrock Valley System (Bleuer, 1989; 1991; Bleuer and others, 
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	Figure 44. Bedrock geology of the Middle Wabash River basin. 
	The oldest rocks shown in the subsurface in this report are shales of the Ordovician Maquoketa Group. The Maquoketa Group is principally a shale unit that is slightly greater than 200 ft thick in north­western Indiana (Shaver and others, 1986, p. 88). Only the upper 150 ft of the Maquoketa is shown in the subsurface of section 6G-6G' (fig. 46). 
	Overlying Ordovician rocks is a sequence of Silurian and Devonian carbonate rocks. The entire thickness of these carbonate rocks is shown in the subsurface only in section 6G-6G' (fig. 46) in which the thickness is 375 ft. The dominant unit in the Silurian and Devonian sequence is the Wabash Formation, which, in the vicinity of the Middle Wabash River basin, is greater than 250 ft thick (Shaver and others, 1986, p. 164). Other carbonate rocks that make up the Silurian and Devonian sequence include the Sexto
	Mississippian rocks in the Middle Wabash River basin are dominated by the Borden Group. Most of the Borden Group consists of siltstones, shales, fine sandstones, and discontinuous limestones (Shaver and others, 1986, p. 18). Where the entire thickness of the Borden Group has been interpreted in the subsurface of the Middle Wabash River basin, it is approximately 660 ft thick (section 6A---6A', fig. 46). 
	In the northern part of the basin, the Borden Group is overlain unconformably by elastic rocks of the Pennsylvanian Mansfield Formation (fig. 44) (Gray and others, 1987). In the southeastern part of the basin, however, the Borden Group is overlain by truncated Mississippian carbonate rocks of the 
	Clastic rocks of the basal Pennsylvanian Raccoon Creek Group overlie Mississippian carbon­ate rocks in the south-central part of the basin and overlie Borden Group rocks in the northern part of the basin (fig. 44) (Gray and others, 1987). The Raccoon Creek Group is dominated by shales and sandstones, but it includes coals and minor lime­stones (Shaver and others, 1986, pp. 120-121 ). Much variability in the thickness of basal Pennsyl­vanian rocks is due to thick rock sequences in pre­Pennsylvanian valleys a
	p. 13-14). The basal Mansfield Formation, ranging from 50 to 300 ft thick, is dominated by sandstones and contains coarse sands and conglomerates at its base (Shaver and others, 1986, p. 86). Thick Mans­field sandstones are interpreted along section 6D-6D' (fig. 46) in R. 6 and 7 W. Similar thicknesses of the Mansfield Formation were documented for the same area by Hutchison (1976, pl. 4). The Mansfield Formation is overlain by the Brazil and Staunton Formations of the Raccoon Creek Group. 
	Clastic rocks of the Carbondale and McLeansboro Groups overlie the Raccoon Creek Group (fig. 44 ). The Carbondale Group, which is dominated by shales and sandstones and which contains four economically significant coals, consists of the Linton, Petersburg, and Dugger Formations (Shaver and others, 1986, p. 27). The only formation of the McLeansboro Group in the subsurface in the Middle Wabash River basin is the Shelburn Formation, which consists mainly of shale, siltstone, and sandstone and is less than 175
	The maximum thickness of Pennsylvanian rocks interpreted in the Middle Wabash River basin 
	Unconsolidated Deposits 
	The entire Middle Wabash River basin was glaciated during the Pleistocene, and unconsolidated materials at the surface are dominated by deposits of the Wisconsinan glaciation. The southern extent of Wisconsinan glaciation in the basin is in Vigo and Parke Counties (fig. 43). Total thickness of uncon­solidated deposits ranges from zero at bedrock exposures along tributary valleys to greater than 350 ft in buried valleys near Lafayette (fig. 45). Bleuer (1989, 1991) examined the stratigraphy of bedrock-valley
	North of the Wisconsinan glacial boundary, surficial deposits are dominated by loamy tills of the Trafalgar and Wedron Formations (Gray, 1989). At least three main Wisconsinan till deposits have been documented in a single exposure north of William­sport, Ind. (fig. 42) (Bleuer, 1975). Sands and gravels deposited during Wisconsinan glaciation as outwash and stratified drift also are common. Sands and gravels, both at the surface and in the subsurface, are most extensive in the northern part of the basin and
	South of the Wisconsinan glacial boundary, pre-Wisconsinan loamy tills of the Jessup and Glasford Formations are present at the land surface (Gray, 1989). Some pre-Wisconsinan lake silts and clays are at the surface southwest of Rosedale (fig. 42). 
	Holocene alluvium and colluvium are found in valleys of the Wabash River and its tributaries throughout the basin. Scattered loess (wind-blown silt) and dune-sand deposits are present in the central and southern parts of the basin. Most of these materials were derived from outwash in the Wabash Valley and are concentrated along the eastern margin and to the east of the valley. 
	Some Pleistocene sands and gravels have been cemented by calcium carbonate to form lithified sandstones and conglomerates interbedded with unconsolidated deposits (Rosenshein, 1955). These deposits are associated with the Wabash River and Wildcat Creek drainage basins and can be seen in outcrop overlying gray clays. 
	Aquifer Types 
	Nine hydrogeologic sections with a total length of 34 7 mi were constructed to describe aquifer types in the Middle Wabash River basin. Individual sections range in length from 16 to 67 mi. In total, 4 70 well records were used and the average density of plotted wells is 1.4 wells per mile. Sections 6A-6A' and 6B-6B' (fig. 46) are oriented south­north with a spacing of approximately 24 mi, and sections 6C---6C' to 6I-6I' (fig. 46) trend west-east with a spacing of 12 mi (fig. 42). The location and orientati
	At least seven aquifer types are present in the Middle Wabash River basin: surficial sand and gravel; buried sand and gravel; discontinuous buried sand and gravel; complexly interbedded sandstone, shale, limestone, and coal; sandstone; Mississippian and Silurian-Devonian carbonate rocks; and an upper weathered-bedrock zone. Physical characteristics and some common or stratigraphic names for each aquifer type are listed in table 8. The areal distri­bution of these aquifers is shown in figure 47. 
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	Figure 45. Thickness of unconsolidated deposits in the Middle Wabash River basin. 
	Unconsolidated Aquifers 
	The most significant aquifer systems in the Middle Wabash River basin consist of unconsoli­dated surficial and buried sand and gravel that origi­nated as outwash and alluvial valley fill and typically are found in both recent and relict river valleys. Some large areas of buried sand and gravel are not associated with bedrock valleys and most likely originated as ice-marginal stratified drift. Discon­tinuous buried sand and gravel is present in large areas throughout the basin. The surficial and buried sands
	Surficial sand and gravel aquifers can be seen in sections 6A-6A' and 6C-6C' to 61-61' (fig. 46). In all cases, the surficial aquifer is within and along the valley of the Wabash River and its tributaries. Surficial sand and gravel aquifers range from IO to 150 ft in thickness, but, are commonly 80 to 120 ft thick. In places where an entire valley is filled from bedrock to land surface with sand and gravel (sections 6C-6C' to 6F-6F', fig. 46), that system is called a surficial aquifer. That entire thickness
	Buried sand and gravel is found in various places throughout the basin, but it is most common in bedrock valleys (fig. 46). The most extensive buried sand and gravel is in the buried Lafayette Bedrock Valley System. The valley is mapped in figure 47 as "buried bedrock valley aquifer". Section 61-61' (fig. 46) roughly coincides with the main axis of the bedrock valley where it exits the basin and enters Illinois. The bedrock knobs shown in the bedrock valley are a function of the 2-mile width of the hydro­ge
	Some buried sand and gravel that does not appear to be basal fill in bedrock valleys can be seen along section 6B-6B' (fig. 46), in R. 4 W. of section 6F-6F' (fig. 46), and in several areas along section 6G-6G' (fig. 46). In some places, multiple zones of buried sand and gravel are separated by nonaquifer material and are therefore stratigraphically and hydraulically distinct (sections 6A-6A', 6H-6H', and 6I-6I', fig. 46). Buried sands and gravels that are not necessarily valley-fill deposits are large-scal
	Potential well yields from the surficial sand and gravel range from 300 to 2,700 gal/min (Bechert and Heckard, 1966; Cable and others, 1971), whereas pumping rates noted on well logs that were used to construct sections range from 10 to 78 l gal/min (table 8). Buried sand and gravel has a slightly lower expected range of yields, from 25 to 1,500 gal/min (Cable and others, 1971; Nyman and Pettijohn, 1971); yet, some high pumping rates from buried sand and gravels that are noted on well logs exceed pumping ra
	The natural discharge points for the surficial sands and gravels are adjoining streams, such as the Wabash River (Pohlmann, 1986). Much ground­water flow in the thick sand and gravel sequences is lateral flow (Maarouf and Melhorn, 1975, p. 74; Pohlmann, 1986, p. 138) that follows regional flow paths. In some cases, natural discharge to buried sand and gravel and well pumpage may locally induce flow in the surficial sand and gravel away from the Wabash River and tributaries. 
	Recharge to surficial sands and gravels may range from 6.4 in/yr (Maarouf and Melhorn, 1975, 
	p. 73) to 10.0 in/yr (Pohlmann, 1986, p. 138), whereas recharge to sands and gravels buried under low-permeability nonaquifer material may be less than 2 in/yr (Pohlmann, 1986, p. 138). 
	Discontinuous buried sand and gravel is another ground-water resource within the unconsoli­dated deposits. Examples of this aquifer type can be seen in virtually every hydrogeologic section; however, it is a significant source of water only in areas shown on sections 6A-6A', 6B-6B', 6F-6F', 6G-6G', and 6H-6H' (fig. 46). The occurrence of discontinuous buried sand and gravel is similar to that of buried sand and gravel that is not related to bedrock valleys; however, it tends to be thinner and of smaller are
	Most buried sand and gravel aquifers, both continuous and discontinuous, are artesian; that is, water levels in wells that are screened in buried sand and gravel are typically higher than the top of the permeable unit. One large buried sand and gravel unit that underlies the eastern part of R. 2 W. in section 6G-6G'(fig. 46) is penetrated by four wells, three of which are flowing wells. Buried sand and gravel deposits that arc under artesian pressures will, in some cases, serve as sources ofrecharge for nea
	In general, discontinuous and continuous buried sands and gravels that are confined above and below by tills and other nonaquifer material have higher hydraulic heads than basal sands and shallow 
	Other generalizations can be made regarding the overall distribution of sand and gravel aquifer material in unconsolidated sediments in the Middle Wabash River basin. Sands and gravels, whether they are surficial or buried, are most extensive in thick drift sequences (fig. 45). Thick drift is most common along buried bedrock valleys, the present valley of the Wabash River, and north of the Wiscon­sinan glacial boundary in the Tipton Till Plain (fig. 43). The overall lack of sand and gravel aquifers in the s
	Bedrock Aquifers 
	At least four distinct aquifer types have been defined in different bedrock units within the Middle Wabash River basin. These bedrock aquifers include complexly interbedded sandstones, shales, lime­stones, and coals; sandstone; Mississippian and Silurian-Devonian carbonate rocks; and an upper weathered zone in low permeability rocks (table 8). Because the bedrock surface and the Mississippian­Pennsylvanian unconformity truncate bedrock units of different ages (fig. 44), not all bedrock aquifers are laterall
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	Figure 46. Hydrogeologic sections 6A-6A' to 61-61 ' of the Middle Wabash River basin. 
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	The thickness of the sandstone aquifer was interpreted from the depth of well penetrations and ranges from 30 to 250 ft (table 8). The sandstones are laterally discontinuous and bounded on all sides by rocks of different lithology and(or) the underlying unconformity. 
	Expected well yields for Pennsylvanian sand­stones range from 8 to 75 gal/min (Cable and others, 1971; Arihood and Mackenzie, 1983) and reported pumping rates range from L to 40 gal/min (table 8). 
	Recharge to the sandstone and the complexly interbedded aquifers is from precipitation on outcrop areas and downward percolation through overlying unconsolidated material (Cable and others, 1971, 
	p. 5; Arihood and Mackenzie, 1983, p. 54). Recharge to the Mansfield Formation in the vicinity of Terre Haute was estimated on the basis of several assump­tions and a simple water balance equation to be 
	1.64 in/yr (Thomas, 1980, p. 29). 
	Most of the sandstones rest on an erosional surface formed prior to and during the deposition of Mansfield sands; therefore, it is likely that the basal sandstones and conglomerates have a good hydraulic connection with the underlying Mississippian lime­stones. The erosional surface represents a period of weathering that most likely developed a zone of enhanced permeability at the surface of underlying carbonate rocks that is now in contact with the overlying elastic rocks. Sufficient data are not avail­abl
	The Mississippian carbonate bedrock aquifer is composed of rocks of the Mississippian Blue River and Sanders Groups. These carbonate rocks are truncated by the Mississippian-Pennsylvanian uncon­formity and are found only in the southeastern and 
	Expected yields for the Mississippian car­bonate bedrock aquifer range from 5 to 60 gal/min (Bechert and Heckard, 1966; Cable and Robison, 1974); reported pumping rates range from 1 to 30 gal/min (table 8). The water-producing character­istics of these carbonate rocks are highly variable, with some dry holes occurring in the Mississippian carbonate rocks (see section 6E-6E', fig. 46). 
	In general, well yields and permeability in carbonate bedrock aquifers can be highly variable (Siddiqui and Parizek, 1971; Lattman and Parizek, 1964). Variable yields result from an uneven distri
	Another carbonate bedrock aquifer, the Silurian-Devonian aquifer, is present in the Middle Wabash River basin and shown in sections 6A-6A', 6B-6B', and 6F-6F' to 61-61' (fig. 46). The Silurian­Devonian carbonate bedrock aquifer is an important aquifer in the State; however. only three wells used to construct the sections in the Middle Wabash River basin were identified as producing water from the 
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	Figure 46. Hydrogeologic sections 6A-6A' to 61-61' of the Middle Wabash River basin-Continued. 
	aquifer (two domestic wells in section 6G-6G' and one industrial well in section 61-61'). The aquifer is not significant in the basin because of its consid­erable depth, the presence of highly mineralized water at depth, and the availability of water from shallower bedrock aquifers and overlying sand and gravel. Characteristics of the aquifer are listed in table 8. Detailed information on the Silurian­Devonian carbonate bedrock aquifer is provided in the sections on the Lake Michigan and Kankakee River basi
	An upper weathered zone in low-permeability bedrock is another significant bedrock aquifer in the Middle Wabash River basin. The aquifer is primarily at and immediately below the bedrock 
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	surface in Mississippian Borden Group rocks. The aquifer is significant only in areas underlain by typically nonaquifer bedrock (Borden Group), however, it is likely that some of the characteristics of the upper weathered-bedrock aquifer are present in all units at the bedrock surface. The upper weathered zone formed in the bedrock during various weathering processes before and during deposition of the overlying drift. The aquifer characteristics result from the enhanced perme­ability in the weathered zone.
	The upper weathered-bedrock aquifer is areally extensive (fig. 47), and is most significant in the thick Borden Group rocks shown in sections 6A-6A' and sections 6F-6F' to 6H-6H' (fig. 46). 
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	Small areas have also been inferred in section 61-61' (fig. 46). This aquifer, by its nature, is not restricted by lithologic boundaries. Rather its existence is entirely a function of weathering at and below the bedrock surface. Lithologic variations are shown within the upper weathered-bedrock aquifer along sections 6A-6A', 6F-6F' and 6G-6G' (fig. 46) and produce spatial variability in hydraulic properties of the aquifer. 
	The true thickness of the upper weathered bedrock is unknown, but it has been inferred from the total penetration of wells that use it as an aquifer. Suggested thicknesses of the upper weathered-bedrock aquifer range from 25 to 175 ft 
	5 10 MILES 
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	(table 8), but the true enhanced-permeability zone is most likely limited to approximately the upper 50 ft. 
	Expected yields for Borden Group rocks in the upper weathered zone range from 1 to 270 gal/min (Cable and Robison, 1974; Wangsness and others, 1983) and up to 590 gal/min from siltstones and shales (Nyman and Pettijohn, 1971, 
	p. 61); however, these yields are far greater than those noted on logs used to construct the sections. Reported pumping rates for the upper weathered­bedrock aquifer range from ·2 to 150 gal/min (table 8). Some of the variability in yields from this aquifer are attributable to the observed lithologic variations in the Borden Group, the variability in 
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	Figure 47. Extent of aquifer types in the Middle Wabash River basin. 
	Table 8. Characteristics of aquifer types in the Middle Wabash River basin 
	[<, less than; locations of aquifer types shown in fig. 47] 
	Range of yield Reportedpump
	Thickness
	Aquifer type (gallons per rates (gallons Common name(s) 
	(feet) 
	minute) per minute) 
	Reported pump rates refer to noted pump rates at the time of well installation and may not represent a "true" well-yield. Beche1t and Heckard, 1966. Cable and others, 1971. Nyman and Pettijohn, 1971. Reported thicknesses refer to observed and inferred permeable zones and may not correlate with specific formation 
	thicknesses. Arihood and Mackenzie, 1983. Cable and Robison, 1974. 
	Summary Perhaps the next most important aquifer, simply because of its areal extent, is the upper weathered­bedrock aquifer. This aquifer supplies a large part of
	Ground water is available throughout the the domestic water requirement for the northern and 
	Middle Wabash River basin from unconsolidated and eastern two-thirds of the basin. Pumping rates for
	bedrock deposits; however, yields that tap these wells in the upper weathered bedrock are as high as
	deposits differ greatly among aquifer types. The 
	most productive aquifers and among the most exten­sandstones, shales, limestones, and coals, of Pennsyl­bedrock valleys and along present river courses. vanian age, provide for the domestic water needs in These deposits currently yield l ,000 gal/min or more the southwestern one-third of the basin and yield as to individual wells and are capable of yielding greater much as 75 gal/min. The Mississippian carbonate than 2,500 gal/min. Discontinuous sands and gravels bedrock aquifer is unpredictable because of 
	Devonian carbonate bedrock aquifer is an important 
	aquifer in the State, it is rarely used in the Middle 
	Wabash River basin, generally because of its depth. 
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	LOWER WABASH RIVER BASIN 
	By Keith E. Bobay 
	General Description 
	The Lower Wabash River basin incorporates the drainage basin of the Wabash River between Honey Creek in Vigo County and the mouth of the Wabash River at the Ohio River in Posey County (fig. 48). The basin has an area of 1,339 mi(Hoggatt, 1975) and includes most of Sullivan and Posey Counties, plus parts of Vigo, Greene, Knox, Gibson, and Vanderburgh Counties in southwestern Indiana. The major cities and towns in the basin are Vincennes, Sullivan, and Princeton. 
	Previous Studies 
	The ground-water resources of the counties in the Lower Wabash River basin were described by Harrell (1935). Watkins and Jordan (1962, 1963) made a preliminary evaluation of ground water in Sullivan County and Vigo County. They reported Iitho logic descriptions and published drillers' logs, well-construction and aquifer information, and water-quality analyses. Cable and others ( 1971) further described the hydrogeology of the principal aquifers in Vigo and Clay Counties. They mapped 
	Smith and Krothe ( 1983) evaluated the hydro­geology of the Carbondale and Raccoon Creek Groups of the Pennsylvanian System in the northern part of the Lower Wabash River basin. They reported transmissivities and the chemical quality of the sandstone and coal aquifers, and they mapped the potentiometric surface of the sandstone aquifers in the Brazil, Staunton, Linton, and Petersburg Formations. Glore ( I970) and Wier and others ( 1973) studied the aquifer potential of the Middle Pennsylvanian sandstones of
	Shedlock (1980) mapped the thickness, distri­bution, and potentiometric surface of the glacial outwash aquifer in a 56-miarea near Vincennes, Ind. Many authors (Wier, 1952a, 1952b, 1954; 
	Friedman. 1954; Waddell, 1954; Wier and Powell, 1967~ Tanner and others, 1981a, 1981b, 1981c; Smith and Krothe, 1983) have mapped the thickness and structure of the major Pennsylvanian coal seams in southwestern Indiana. 
	Physiography 
	The Lower Wabash River basin is part of the Wabash Lowland physiographic unit (Malott, 1922, 
	p. 102; Schneider, 1966, p. 48) which is shown in figures 2 and 49. The Lower Wabash River valley is a broad, flat glacial drainage channel that includes winding channels, a wide flood plain, and adjacent terrace levels. The valley floor ranges from 3 to 10 mi in width. Local relief on the valley floor is typically less than 50 ft except for isolated hills (Fidlar, 1948, p. 10). 
	Undulating, rolling plains with a thin cover of till, loess, and silt characterize the area east of the Wabash terraces. Local relief is greater in the uplands of southern Posey County beyond the maximum extent of glaciation (fig. 49). Broad, flat lake plains that form present day bottomlands east of the terraces were created during Wisconsinan time when tributary valleys became ponded by the rapid aggradation of the valley floor (Fidlar, 1948, 
	p. 102). In the surrounding uplands, bedrock ter­races were eroded on resistant limestones and shales. 
	Steep bluffs rise from the Wabash Valley flood plain near the towns of Merom, Vincennes, and New Harmony, where the flood plain narrows. Relief is 100 to 150 ft in these areas. Springs are common along the bluffs. Isolated rock islands are exposed in the Wabash River flood plain. These erosional remnants, or braided-valley cores, are loess-covered bedrock that has withstood erosion. These hills rise nearly 100 ft above the flood plain (Fidlar, 1948; Thornbury, 1950). 
	Surface-Water Hydrology 
	The Wabash River has been divided into three separate water-management basins encompassing the upper, middle, and lower reaches (fig. 1). The Wabash River drains an area of 32,910 mi, includ­ing parts of Illinois and Ohio (Hoggatt, 1975, 
	p. 174). The Lower Wabash River basin includes about 10 percent of the drainage area of the Wabash River basin in Indiana (Hoggatt, 1975). A stream­flow gaging station on the Wabash River. located below the mouth of the Patoka River at drainage area 28,635 mi, has been in operation since 1927. During the period of record. discharges at this station ranged from a daily mean discharge of 1,650 ft/s to an instantaneous maximum of 305,000 ft/s, with an average flow of 27,569 ft/s (Glatfelter and others, 1989, p
	The major tributaries to the Wabash River in the Lower Wabash River basin with drainage areas greater than 50 miinclude Prairie Creek, Turman Creek, Busseron Creek, Maria Creek, River Deshee, Black River, and Big Creek (fig. 48). The White River and the Patoka River also drain into the Wabash River in the Lower Wabash River basin; however. these two rivers are in separate water­management basins and are discussed in other sections of this report. The Patoka River and the White River are major tributaries th
	Geology 
	Bedrock Deposits 
	Pennsylvanian rocks are at the bedrock surface throughout the Lower Wabash River basin (fig. 50) and are more than 1,000 ft thick. A lithologic sequence of sandstone, shaly sandstone, shale, thin limestone, coal, and underclay comprise the Raccoon Creek, Carbondale, and McLeansboro Groups of 
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	Pennsylvanian age (fig. 5; Cable and others, 1971 ). The Carbondale Group ranges in thickness 
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	Stratigraphic units are extremely difficult to trace in the subsurface because distinct lithologies of the elastic rock types are few, and lateral facies changes can be abrupt. Moreover, certain beds are discon­tinuous or absent locally, sharp variations in thick­ness occur over relatively short distances, and beds may have been eroded or never deposited. Forma­tions of Pennsylvanian age are typically referenced with respect to the thin beds of the major coal seams and limestones that are the only consisten
	1935; Gray, 1979, p. L3). 
	Pennsylvanian bedrock exposed at the land surface or bedrock surface in the basin belong to the Linton, Petersburg, and Dugger Formations of the Carbondale Group and to the Shelburn, Patoka, Bond, and Mattoon Formations of the McLeansboro Group. These rocks overlie the Mansfield, Brazil, and Staunton Formations of the Early Pennsylvanian Raccoon Creek Group (fig. 5). These Pennsylvanian rocks unconformably overlie older Mississippian rocks (Shaver and others. 1986). 
	The Raccoon Creek Group ranges in thickness from 100 to 1,000 ft and is composed of 95 percent shale and sandstone, plus minor amounts of clay, coal, and lilnestone. Shale is more common than the massive, fine-grained, crossbedded sandstones. The Mansfield Formation is 50 to 300 ft thick and is divided into two general lithologies: a lower sand­stone, and an upper division of mostly shale and mudstone. In the Lower Wabash River basin, the Mansfield Formation is typically overlain by more than 500 ft of rock
	from 260 to 470 ft and averages 300 ft. The group, which is thickest in central Posey County, is composed primarily of variable shales and sand­stones and includes some laterally extensive lime­stone and coal beds. The Linton Formation ranges in thickness from 43 to 162 ft and averages 80 ft. Lateral lithologic variations are common. The Petersburg Formation is 70 to 190 ft thick and includes the Springfield Coal Member (Coal V) (fig. 50). The Springfield Coal Member attains a maximum thickness of 13 ft and
	The McLeansboro Group attains its maximum thickness of 770 ft in northern Posey County. The group is made up of 90 percent shale and sandstone plus minor amounts of siltstone, limestone, clay, and coal. The Shelburn Formation ranges in thickness from 50 to 250 ft and is composed primarily of shale, siltstone, and sandstone. This formation crops out in the Lower Wabash River basin from the Ohio River in Vanderburgh and Posey Counties north through Vigo County. Included in the Shelburn Formation are the Busse
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	Figure 50. Bedrock geology of the Lower Wabash River basin. 
	One or more of the beds may not be pre sent in parts of Posey and Gibson Counties (Shaver and others, 1986). 
	The Bond and Mattoon Formations are present only in the far western part of the Lower Wabash River basin (fig. 50). The formations are primarily shale, siltstone, and sandstone. The Bond Formation attains thicknesses of 250 ft in northwestern Posey County. Only the upper 40 ft of the Mattoon For­mation is present in Western Sullivan County, whereas the lower 150 ft, including the Merom Sandstone Member is present in northwestern Posey County (Shaver and others, 1986). 
	A pronounced structural feature of the region is the Illinois Basin (fig. 4). The major stratigraphic units in the Lower Wabash River basin become thinner with distance from the center of the basin, which is in southeastern Illinois. In the Lower Wabash River basin, the Pennsylvanian rocks generally dip to the west-southwest at approximately 25 ft/mi (Gray, 1979, p. 3). In contrast to the topog­raphy of the formations that are exposed at the land surface, the bedrock surface beneath the glacial drift is gen
	Faults in the Wabash Valley are another pronounced structural feature of the basin (fig. 50). Faults as much as 30 mi long, with displacements greater than 400 ft, have been identified (Ault and Sullivan, 1982). These post-Pennsylvanian faults are present as single planes and in zones of multiple planes. The faults in the Lower Wabash River basin are confined to Posey and Gibson Counties and trend north-northeastward, parallel to faults in Kentucky and Illinois (Ault and Sullivan, 1982, p. 7). Eleven distin
	Unconsolidated Deposits 
	In the aggraded valleys of the Wabash River and major tributaries, the primary unconsolidated deposits consist of alluvium that overlies thick Pleis­tocene valley-train sand and gravel deposits. The thickness of unconsolidated deposits in the Lower Wabash River basin is shown in figure 51. Thick­nesses of sand and gravel as great as 150 ft have been measured adjacent to the Wabash River (Fidlar, 1948, pl. 3) and along Busseron Creek. In general, the sand and gravel deposits lie directly on the bedrock (Shed
	Clay and silt beds were deposited in the lake plains along many of the tributary valleys. During Wisconsinan time, lakes once covered much of central and north-central Posey County and areas of Sullivan, Gibson, and Vanderburgh Counties (Fidlar, 1948, pl. 1). Lake-silt deposits up to 150 ft have been measured in northern Gibson County. Many of the lake plains have been buried beneath younger wind­blown sediments (Fidlar, 1948, p. 48). 
	Aquifer Types 
	Nine hydrogeologic sections (7 A-7 A' to 71-71') were produced for this atlas to depict aquifer types in the Lower Wabash River basin (fig. 52). All 
	The major aquifer type in the Lower Wabash River basin is the outwash and alluvial sand and gravel in the Wabash River valley. These thick sand and gravel deposits are relatively clean, well sorted, and coarse grained. A secondary unconsolidated source of ground water in the basin is the buried sand and gravel in tributary valleys. These deposits are covered by more than 10 ft of silt and clay. Addi­tional unconsolidated ground-water resources include sand and gravel lenses interbedded with lake sedi­ments 
	Wells drilled into the Pennsylvanian bedrock are commonly finished in the intervals that contain sandstones at the base of individual formations. Although these sandstones typically are the major sources of ground water in the bedrock, wells com­monly are open to layers of shale, limestone, sand­stone, and coal. The presence of laterally thin and discontinuous deposits results in extremely complex lithology and difficult aquifer definition in the basin. Therefore, it is impossible to delineate the exact sou
	The four aquifer types of the Lower Wabash River basin are summarized in table 9. The table includes range of thickness, range of reported yields, and common or geologic names that previous authors have used to define the aquifers. 
	Unconsolidated Aquifers 
	A surficial sand and gravel aquifer is present along the Wabash River flood plain in the northern two-thirds of the basin (fig. 53). Although the surficial sand and gravel is depicted on the northern seven hydrogeologic sections, this aquifer is shown most extensively in sections 7D-7D' and 7F-7F' (fig. 52). Yields from wells located outside the Wabash River valley are typically much less than yields from the Wabash valley (table 9). 
	Sand dunes were mapped as surficial aquifer only where they are known to be producing water, such as in section 7F-7F', R. 9 W. (fig. 52). Dune sands typically are thin deposits with a highly fluctu­ating water table; thus, dune sands are relatively undependable as a source of water. Instead of being used as aquifers, the dune sands in the Lower Wabash River basin commonly function as recharge areas for underlying aquifer material (Gray, 1973). 
	Buried sand and gravel aquifers generally are present in the southern one-third of the Wabash River flood plain and in the valleys of the major tributaries to the Wabash River. The buried sand and gravel in the Wabash River valley (sections 7 A-7 A' to 7C-7C', fig. 52) is connected to and of the same origin as the surficial sand and gravel aquifer to the north. The gradational boundary between the sur­ficial and buried sand and gravel aquifers in the Wabash River valley is the area where the outwash is buri
	Recharge to the unconsolidated aquifers typically occurs where precipitation infiltrates directly into the aquifer or through the overlying glacial or fine-grained alluvial material. Shedlock ( 1980) estimated recharge rates to the outwash aquifer near Vincennes to be 12 in/yr. 
	lower Wabash River Basin 105 
	..... 
	O' 
	en 
	f~.8 W 
	1.9 N 
	•
	• 
	;-6 N. 
	EXPLANATION 
	LINE OF EQUAL THICKNESS--Shows
	-,oo
	thickness of unconsolidoted deposits. Contour intervol 50 feet 
	• -WATER-MANAGEMENT-BASIN BOUNDARY 
	N 
	T. 1 . 
	. 4 ,. 
	7 --~. 
	Base from U.S. Geological Survey State Base Map, 1:500,000, 1974 
	r .12 w 
	Thickness of unconsolidated deposits from Gray, 1983 
	T 
	SCALE 1:500.000 0 5 10 15 
	I I I
	I I I I I 
	KILOMETERS
	0 5 10 15 20 25 
	20 25 
	MILES 
	Figure 51 . Thickness of unconsolidated deposits in the Lower Wabash River basin. 
	R.14 W. R.13 w. R.12 w. R.13 W. R.12 w. R.11 w. 
	I 
	WEST EAST WEST EAST 
	I I 
	(/)1·< Z:<:t; (/)1·< I
	7A~ i 5:~ 7A' 78~ g i , 78' 
	..J z WC\l ..J z lo z co 
	in1~ >-U O IC\l 
	~ ~ ~I~ 
	rEET t F'EET rEET ~ ~ f:3 1~ rEET 600 7 ~ ~ 600 600 >-8 as in , -r 600 ::! u z >-15 ~ 
	Z Cl:: O ~ WO ~ 0: v, :Z cr t l.u::i ~ V>Z Lu W 
	a:: z ~ ~ o ?: er ~ a:: lr~ a:: ~ 
	500-j l.u O ::i Cl CD 500 500 Cl:: < . -' U U tii J-500 
	::::. t-er ~ < :t: J: 
	-0.. < Li: u 3: ::J tLL. u ----... ~w 
	:t: ...-r---........ ::E m z 
	~ -----~ 
	400-l~ t ""'"---i~---~ 400 400 ~ t / l ~ I RJ.SI~ ----r l ._ '\.I ~ IA'-1 1 /l'.YI .J-:~ I.V I ./,,-~...~...... -t-400 
	~ 
	~ ...-rLlf"I I'. I -F J t I I I I I ': I , I ·: -..::..i.L...... ,I ·t I ·7, I ., I/ 11 r"<.l I I I r.' I -1 Ii, I~] I • · 1 ....?I J ·I -!\. I.JI\..N I Q V I I Ir;;-;. ---, ~'I' 
	-
	L1I 1/1'1' 1 ll' -~ I 300 300 ; -,,,,._, ,. ,,,, I ... ----: i -:..-:: -_;. -I_:... 'f-300
	'· ,·-~~ ... ; 
	. -:l " --,,, < ,,.,. .--
	1 i o:· --• --..._ ... ,. "' -·
	~.. , . r;...~ -,.... -,, 
	" J, 1· ,_ ,_ ...,I ,· •, .: -s _.,·e• . -,., ~ • 
	"O· ,. I Q.! .-"5~ •,~-? • _-; , . .,;·,.. ~ ---
	1
	200-{ ... -f Ii' c: · ,~--,. -o·~ _ I''"' 200 200 ~---~ ;,,.,.. ,.. .,~ -I t-200 
	0 I , -,.. ,.,,-
	".'""" ..J'-I • V .,. ... ,, _ :-_ •...-, ...-Cl'>~I , a -c ·, :.-Ul .,.," ··J,,. . ..----• .,.../ 
	--'SI . • ~ -.. ·"---·I'::> .,, -• ,. ., ~ •• 
	-~, 0 . l Cl) , . -0.t --' 'I Cl) -·u.J :,I -C/) Li:.. . .,l :> .0--( ,. ----l':C ~ . -..,. . ~' / .-• -"· t -.,
	1
	100 -l I c, 01: -_g 1 ~ -~ ~ -, ~ -_ _ 1 _, · 10 0 10 0 -... ... ... ... _ /, --;,. ~ :~ · -,,. ---: ~--:_ , _ ~-..... ~ ~ 10 0 O'~.J -0 I ··I' -1 · -. ' -_... ,r' ,,..., · .-" .,.. -,.,. -• ,_ 
	c~ t• --3:~ j'f • : _.~ •-"-:::::-J·r ~:. -' -.-~ •; ~ -~ -~ .---~ >, I-.. ~
	v 
	""" Jl -J . -_,,
	~ ~ ."'II
	C I~ -I ' --I . I --• -r <"""' -eOP..'
	O 
	SEA LEVEL --~ . ~ J ---. . ---SEA LEVEL SEA LEVEL "" ---~ .. --· ":. .,. . ' : . ..:.-"' -~ -.,;; ,. ~ -SEA LEVEL 
	EXPLANATION 
	SAND AND GRAVEL SILTSTONE ANO SHALE, WITH BEDROCK AQUIFER BEDROCK SURFACE--Do shed 
	I
	MINOR SANDSTONE ANO where opproximotely located
	D D D 
	projected to trace of
	DISCONTINUOUS LIMESTONE 
	CHRONOSTRATIGRAPHIC section. Dotted where dato
	UNCONSOLIDATED NONAQUIF'ER BEDROCK AQUIFER-
	BOUNDARY--Dashed where ore incomplete 
	MATERIAL Potentiol unknown
	D D 
	approximately located
	COMPLEXLY INTERBEOOED FAULT--Arrows show
	SANDSTONE, SHALE, AND MINOR 
	LITH OLO GIC CONTACT-
	----J:r 
	relative displacement
	LIMESTONE AND OOLOSTONE LIMESTONE ANO COAL BEDROCK NONAOUIF'ER 
	__ _, 
	UNKNOWN 
	COAL SEAM--Do shed where
	SHALE SANDSTONE AND SHALE NO DATA
	D 0 
	t TEST HOLE--Not drilled
	opproxim otely located
	D 
	for water supply ---5L GENERALIZED 
	SANDSTONE d DRY HOLE
	POTENTIOMETRIC SU RF'ACE-
	Dashed where approximately I ocoted 
	DATUM IS SEA LEVEL 
	VERTICAL SCALE GREATLY EXAGGERATED 
	0 5 10 
	MILES 
	I I I 
	I
	l 
	0 5 10 KILOMETERS 
	Figure 52. Hydrogeologic sections ?A-7A' to 7~71' of the Lower Wabash River basin. 
	Lower Wabash River Basin 107 
	..J 
	w 
	> 
	w 
	..J 
	< 
	w 
	tn 
	..J 
	w 
	> 
	w
	_, 
	<
	w 
	l/) 
	0 
	0
	-
	.... 
	I-0 0 0
	..... 
	(f) ~o 0 0 <( L&.. CD &I) "It' l.J 
	~ 
	3:: 
	Ol 
	a:: 
	VNVION / 
	SIONlll 1 
	1-0 0 0 
	WO
	0 0 
	(f) ~CD &I) "It' l.&..J 
	3:: ~ 
	.... 
	1-0 
	WO
	Cl) 
	~&I)
	< 
	w 
	33HS30 ~31\ll:J 
	111H ~31d A.3Nt'i1H:> 
	3:: 
	..... a:: 
	v'Nv'ION I SIONlll 1 
	1-0 
	,_ Wo 
	Cl) ~&I) 
	w 
	f2
	3 
	.... 
	f-O 0 0
	I-
	en ~o 0 0 
	<( L&.. &I) "It l'I) 
	w 
	~ 
	3:: 
	a:: 
	31111\SNJMO 
	3:: 
	N 
	>133l:J :J N3titJ'V'8 
	a:: NOSNHOr 
	3:: 
	"') 
	a:: 
	'VN'VION I 
	SIONlll 1 
	I-0 0 0 WO 0 0 &I) "It l'I) 
	w 
	3 ~ 
	0 0 N 
	0 t') 
	0 0 t') 
	0 0 
	"It 
	0 0 N 
	..J 
	w 
	> 
	w 
	..J 
	< 
	w 
	(/) 
	0 0 N 
	0 0 
	N 
	0 0 
	t') 
	0 0 
	0 0 
	..... 
	0 0 
	N 
	.... 
	t-o
	I-
	l/) ~o 
	L&.. CD
	<
	w 
	3:: 
	(() 
	a:: 
	3:: 
	O> 
	a:: 
	3:: 
	0 a:: 
	1-0 
	we
	I
	(/) 
	~CD 
	w 
	.... 
	t-o
	I-
	l/) ~o 
	< L&.. CD 
	w 
	~ 
	3:: 
	0, 
	. 
	a:: 
	3:: 
	0 a:: 
	SIONlll 1 
	1-0 
	WO
	I
	(/) 
	~ CD 
	w 
	0 0 
	"It 
	0 0 
	N 
	0 0 
	l'I) 
	0 0 
	..... 
	0 0 
	..... 
	0 0 
	..... 
	0 0 
	&I) 
	0 0 
	&I) 
	0 
	0 
	&I) 
	0 0 
	&I) 
	0 0 
	C 
	CJ') 
	ro 
	.0 
	..... 
	Cl) 
	-~ 
	.c:: 
	(/) 
	ro 
	.0 
	ro 
	~ 
	..... 
	Cl) 
	~ 
	0 
	....J Cl) 
	.c:: 
	..... ...
	r---. 
	~ 
	0
	..... 
	... 
	q:: 
	~ ~ 
	CJ') 
	C 
	0 
	..... 
	0 
	Cl) 
	CJ') 
	u 
	C) 
	0 
	0 
	Cl) 
	C) 
	0 
	'
	"O 
	>, 
	I 
	N 
	a.n 
	Cl) 
	a.. 
	::J 
	C'l 
	u. 
	0 0 0 
	0 
	0 0 0 
	0
	"It' t') N ..... 
	0 0 0 0 0 0 0 0 
	.....
	"It' l'I) N 
	0 0 0 
	0 
	0 0 0 
	0 
	-et t') N ..... 
	0 0 0 0 0 0 0 0 
	.....
	"It' l'I) N 
	0 0 
	..... 
	..J 
	w 
	> 
	w 
	..J 
	< 
	w 
	(/) 
	l'II C 
	.!!! 
	"0 
	C 
	C 
	Cl) L. 
	Cl) 
	:!:: 
	:::J 
	C" 
	ct 
	.... 
	0 
	Cl) 
	l'II
	; 
	ct u 
	a 
	0 
	0 
	Cl) 
	Cl 
	..
	"0 
	>
	:I: 
	00 
	0 
	T"" 
	R.10 W. I R.9 W. I R.8 W. 
	R.10 W. I R.9 W. I R.8 W. 
	I
	WEST EAST
	I 
	~I 
	V> I c:t: => 
	>
	~ 8 
	Lu 
	z
	Lu 
	!7H'
	ct: a:: 
	u
	...J z >
	::)
	u 
	CD -...J 
	>
	ct z ...J <( ...J 
	L.J <{ => 
	..J 
	F"EET
	~ ~ :c: w 
	600
	6007 a: a: V> :::!: 
	>
	:c 2 t :c: 
	l/') 
	,q: 
	t
	co 
	500
	500-1 ~ 
	t
	... --..,.... 
	, --... 
	:.~, 
	7;
	;,. 
	400 
	.300 300 
	200 200
	11-·r~l ~-;,~;j!l<< r f :; ~ 
	,. ,,. --. ,.. -/ --• . ,/I '. , .,. /./. )I'. -;.,f~ /: /4
	'; • -, -, .-, _,. __~:>-' ~ .'/,/,:' & 'l/ ·r.,,• ~✓-1/7., 
	.J _.--,,,. ',,.,; _,..___ . , ,, _A.-_.. _ /1.,,,,, /,V°J' .. , -"!i,.:,..P. 
	.,,
	,.
	~ . ,..-.~... .~ ~ /. ~,.,, .. .,,. ~-~ 
	~r t ~-I I·.: t CONNECTS WITH BH-BH' 
	DATUM IS SEA LEVEL 
	VERTICAL SCALE GREATLY EXAGGERATED 
	Recharge from adjacent uplands and underlying bed­follows the distribution of the Inglefield and rock is approximately 3 in/yr or 25 percent of the Busseron Sandstone Members (Wier and Girdley, total recharge. Ground water in the unconsolidated 1963; Barnhart and Middleman, 1990). The West aquifers naturally flows toward the Wabash River or Franklin Limestone Member typically underlies the its tributaries, where it discharges (Cable and others, Inglefield Sandstone Member and is used as a source of fresh wa
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	Bedrock Aquifers 
	the limestone below. The West Franklin Limestone Member is included with the complexly interbedded
	thickest and most laterally extensive bedrock aquifer in Vanderburgh County include a sandstone in the Upper Dugger Formation which grades into shale, 
	(fig. 52). The continuity of the sandstone aquifer is and the Coxville Sandstone Member, which is too disrupted in section 7A-7A' (fig. 52) by the many deep and saline for water supply throughout much of faults in Posey County. The areal extent of the sand­the basin (Cable and Wolf, 1977, p. 12-14). The stone shown on the aquifer map (fig. 53) generally thick, narrow channel sandstones (for example, the 
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	Anvil Rock Sandstone Member) typically produce locally significant water-producing zones only if an more water than the thin, broader sheet sandstones underclay is present beneath the coal and the coal is associated with the complexly interbedded aquifer fractured (Harrell, 1935, p. 76; Banaszak, 1980; (Cable and others, 1971). Two channel sandstones Smith and Krothe, 1983). The underclays are are depicted in section 7C-7C' in R. 12 W. and important hydrologically as low-permeability, semi­
	R. 11 W. (fig. 52). Other less significant sandstones have been mapped on most of the sections. A few are 
	approximate location of three major coal seams has abruptly grade into shales, as shown in section 71-71' 
	been shown on the hydrogeologic sections. These (fig. 52). 
	coal seams are most likely to function as aquifers, 
	owing to the presence of thick underclays. The 
	complexly interbedded aquifer type is present throughout the entire basin (fig. 53); however, along mapped together where most wells are open to the the Wabash River valley in Gibson County, it is entire bedrock section below the unconsolidated buried too deeply to be of use. The complexly inter­material. Generally, the sandstones and coals are the bedded aquifer material is best shown in the northern primary water-producing units. Coal seams can be sections (7G-7G', 7H-7H', and 71-71' in fig. 52). 
	Lower Wabash River Basin , 09 
	Table 9. Characteristics of aquifer types in the Lower Wabash River basin 
	[Locations of aquifer types shown in fig. 53] 
	Thickness Range of yield Common name(s) (feet) (gallons per minute) 
	Surficial sand and ravel Buried sand and gravel Sandstone 
	Complexly interbedded sandstone, shale, limestone, and coal 
	10-150 10-50 20-65 
	3,520-50 1-63 
	0-10 
	Cable and others, 1971. Robison, 1977. Bamhart and Middleman, 1990. Cable and Wolf, 1977. Glore, 1970. Wier and others, 1973. Hopkins, 1958. Cable and Robison, 1973. 
	It is commonly impossible to laterally cor­relate a sandstone unit across a section or to know whether a specific sandstone or other stratigraphic unit is saturated or water-producing unless noted by the well drillers. Therefore, bedrock not indicated as "aquifer material" on the hydrogeologic sections implies that an abundance of low-permeability shale or sandy shale is present. If no information was available to indicate whether the rocks are aquifer or nonaquifer material, then the area is shown as "aqui
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	sandstone aquifer in section 7 A-7A' (fig. 52). All of the complexly interbedded sandstone, shale, limestone, and coal was mapped as "aquifer­potential unknown" on figure 53 because of the difficulty in mapping aquifer zones in the com­plexly interbedded bedrock where hydrogeologic properties can abruptly change. 
	The cementation of the sandstones limits their hydraulic conductivity; the confining nature of the overlying shales and the underclays limits the recharge to the sandstones. These two factors 
	contribute to the low yield from most sandstone aquifers in the basin (Glore, 1970, p. 34-35; Wier and others, 1973, p. 301). On the other hand, the sandstones of the Mansfield Formation at the Mississippian-Pennsylvanian contact (fig. 5) are reported to be a source of water, but they are too deep to be an economically desirable source of freshwater in the Lower Wabash River basin (Harrell, 1935; Watkins and Jordan, 1963; Cable and others, 1971; Cable and Robison, 1973; Robison, 1977; Banaszak, 1980; Clark,
	The approximate locations of the Danville (Coal VII), Springfield (Coal V), and Seelyville (Coal III) Coal Members have been shown on the hydrogeologic sections (fig. 52) on the basis of data from the drilling records and previous studies (Wier, 1952a, 1952b; Friedman, 1954; Waddell, 1954; Wier and Powell, 1967; Tanner and others, 1981a, 1981b, 1981c). The coals are closer to the surface and are more commonly used as sources of water in the northern sections (7G-7G', 7H-7H', and 71-71' in fig. 52), where sa
	Recharge to bedrock aquifers occurs pri­marily near outcrop areas or indirectly through thin overlying unconsolidated deposits at a rate of a few inches per year (R.J. Shedlock, U.S. Geological Survey, written comm., 1982). The outcrop of the lnglefield Sandstone Member near the eastern boundary of the Lower Wabash River basin in Vanderburgh and Gibson Counties (Cable and Wolf, 1977, p. 16; Barnhart and Middleman, 1990, 
	p. 6) could be a conduit for recharge to some of the coal seams (Banaszak, 1980). Ground water discharges from the Pennsylvanian sandstones near Vincennes by upward flow into the glacial outwash; ground water in the outwash discharges to the Wabash River and its tributaries (Shedlock, 1980). 
	Summary 
	The Lower Wabash River basin encompasses 1,339 miof Sullivan, Posey, Vigo, Greene, Knox, Gibson, and Vanderburgh Counties in southwestern Indiana. The basin includes all west-flowing drainage into the Wabash River from Honey Creek in Vigo County to the mouth of the Wabash River at the Ohio River in Posey County, nearly 304 river miles. 
	Four aquifer types were delineated in the Lower Wabash River basin. The principal aquifer in the basin is the thick sand and gravel deposits in the Wabash River valley. Yields of as much as 2,700 gal/min have been obtained from this aquifer, which is 150 ft thick in places. The aquifer boundary generally follows the flood plain along the river and was mapped as surficial sand and gravel in the northern part of the basin and buried sand and gravel in the southern part of the basin. Less pro­ductive surficial
	Secondary aquifers are present in the buried sand and gravel deposits along minor tributary valleys and within upland lake deposits. In the uplands beyond the Wabash valley, sandstone aquifers provide water for domestic purposes where sand and gravel sources are absent. Thick sand­stone aquifers are common in Posey and Gibson Counties, but the presence of faults in this area makes determination of the exact depth of the aquifer difficult. In many other areas within the interior of the basin, aquifers are li
	Discharge from surficial and buried sand and gravel aquifers in the basin is typically toward the Wabash River and its tributaries. Regional dis­charge from the bedrock aquifers appears to be upward to the Wabash River. 
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	WHITE RIVER BASIN 
	By Mary E. Hoover and James M. Durbin 
	General Description 
	The White River basin spans nearly the entire width of south-central Indiana. The basin, as defined in this report, includes the areas from the headwaters of the White River in Randolph County to the con­fluence with the Wabash River in Knox County, but does not include the basin of the East Fork White River (fig. I). The White River basin encompasses 
	5.603 miin 27 counties and includes all or large parts of the following counties: Boone, Clay, Davies, Delaware, Greene, Hamilton, Hendricks, Knox, Madison, Marion, Monroe, Morgan, Owen, Putnam, Randolph, and Tipton. Principal cities within the basin are Anderson. Greencastle, Indianapolis, Linton, Martinsville, Muncie, Spencer, Washington, and Winchester (fig. 54). 
	Previous Studies 
	Because a large proportion of Indiana's popu­lation resides within the White River basin, many studies have been completed on ground water and characteristics of the aquifers that control ground
	Other studies that focused on northern counties in the basin include reports on the hydrogeology of Delaware County (Hoggatt and others, 1968), Madison County (Wayne, 1975), Marion County (Herring, 1976), and Hamilton County (Gillies, 1976). The study by Gillies (1976) included modeling of an aquifer system adjacent to the White River near Carmel, Ind., and evaluation of the effects of continued and increased production from the aquifer. Studies of the outwash aquifer along the White River in Marion County 
	Another series of reports published by the Indiana Department of Conservation, Division of Water. in cooperation with the U.S. Geological Survey, describes the ground-water resources of a number of southwestern Indiana counties within the White River basin. Studies were done in Greene County (Watkins and Jordan, 1961), Clay County 
	A ground-water study that describes the hydro­geology of the entire White River basin was done by Nyman and Pettijohn (1971). The report is a brief description of the important aquifers in the basin, and includes information on well yields and potential yields, ground-water quality, and ground-water discharge to the major streams in the basin. A major study by the U.S. Geological Survey is currently (1991-97) being done for the White and East Fork White River basins as part of the National Water­Quality Ass
	In addition to written reports, various ground­water-availability maps have been published. The Indiana Department of Natural Resources, Division of Water, has published maps that delineate major aquifers along with recorded and potential well yields in the following counties: Morgan (Heckard, 1965), Johnson (Uhl, 1966), Madison (Steen, 1970), Hamilton (Herring, 1971), Marion (Herring, 1974), and Boone (Steen and others, 1977). Ground water 
	Clark (1980). 
	Physiography 
	The topographic relief across the White River basin is about 750 ft. The highest point, about 1,200 ft above sea level, is in Randolph County in the eastern part of the basin. The lowest point, about 450 ft above sea level, is in Gibson County in the southernmost part of the basin. 
	The basin lies within five physiographic units as defined by Malott (1922) and later refined by Schneider (1966) (fig. 55). The northern half of the basin is in the Tipton Till Plain. This plain of low relief is composed of thick glacial deposits that obscure the underlying bedrock topography. The Norman Upland, of which only a small part of the northernmost extent is within the basin, is charac­terized by narrow, flat-topped divides and deep V­shaped vaJleys; local relief is typically 125 to 250 ft . The N
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	Figure 54. Location of section lines and wells plotted in the White River basin. 
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	within the basin; average discharges of the river are 208 ft/s near Muncie in Delaware County and 11,850 ft/s near Petersburg in Pike County (Arvin, 1989). Several large tributary drainage basins are within the White River basin (fig. 54). The Eel River tributary, in the southwestern part of the basin, has the largest drainage area (830 mi) of any tributary to the White River in the White River basin. Other tributaries whose drainage areas are greater than 100 miinclude Fall Creek, Eagle Creek, Big Walnut C
	A number of streams have been artificially dammed to form water-supply reservoirs. Principal reservoirs include Morse, Geist, Eagle Creek, Cagles Mill, and Prairie Creek Reservoirs. 
	Geology 
	Bedrock Deposits 
	The White River basin overlies two major structural features known as the Illinois Basin and the Cincinnati Arch (fig. 4 ). Bedrock strikes north­northwest, generally dipping gently to the southwest into the Illinois Basin; however, in the northeastern part of the basin where the Cincinnati Arch is present, bedrock dips northward toward the Michigan Basin, as shown in sections 8C-8C', 8D-8D' and 8E-8E' (fig. 58). Successively younger rocks are exposed in the basin from east to west (fig. 56). Rocks of Ordo­
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	stream systems have eroded and dissected the entire bedrock surface, removing large amounts of Paleo­zoic rocks from the crest of the Cincinnati Arch and creating deep bedrock valleys (fig. 7). Examples of these valleys can be seen in most of the hydrogeo­logic sections (fig. 58). 
	The Fortville Fault and the Mount Carmel Fault, each about 50 mi long, transect the basin. The Fortville Fault strikes north-northeast from Marion County through Hancock and Madison Counties (fig. 56). The southeastern block of the fault is downthrown. The Mount Carmel Fault strikes north­northwest from Washington County through Lawrence and Monroe Counties (fig. 56). Only the northernmost 10 mi of the Mount Carmel Fault is within the basin. 
	Ordovician rocks of major lithostratigraphic significance in the White River basin are part of the Maquoketa Group. The Maquoketa Group is as much as 80 percent shale that is interbedded with limestone. The proportion of limestone increases toward the east in the White River basin (Shaver and others, 1986, p. 88). 
	Silurian rocks within the basin include the Brassfield Limestone, the Cataract Formation, the Salamonie Dolomite, and the Salina Group. The Brassfield Limestone, which is less than 10 ft thick in most places, interfingers with shales and dolostones of the Cataract Formation (Shaver and others, 1986, 
	p. 20). The Salamonie Dolomite is a fairly pure dolostone that is about 50 ft thick in the central part of the State (Shaver and others, 1986, p. 180-132). The Salina Group contains the Pleasant Mills Formation and the Wabash Formation, both of which are composed of limestone and dolostone interbedded with shale members (Gray and others, 1987). Both the carbonate rocks and the shales are of variable thickness (Shaver and others, 1986, p. 114-116, 163-165). 
	Devonian bedrock consists primarily of dolo­mitic carbonate rocks (Muscatatuck Group) or shale (New Albany Shale). The Muscatatuck Group can be as much as 250 ft thick, but it is probably no thicker than 50 to 60 ft in the White River basin. The New 
	Rocks of Mississippian age include the Borden, Sanders, Blue River, West Baden, and Stephensport Groups. The Borden Group ranges in thickness from 485 to 800 ft and consists of the New Providence Shale, the Spickert Knob Formation, and the Edwardsville Formation. The New Providence Shale, overlying the New Albany Shale, is composed predominantly of shale. The Spickert Knob Forma­tion grades upward from a silty shale to a massive siltstone but includes some sandstone and limestone. The Edwardsville Formation
	The Sanders and Blue River Groups consist of well-bedded and dense limestones that contain thin shale beds. Where limestone crops out or is covered by thin unconsolidated materials, it commonly is highly karstic and contains numerous sinkholes and caves. The thickness of the Blue River Group in outcrop within the basin ranges from 150 to 240 ft; in the subsurface, thickness may exceed 350 ft (Shaver and others, 1986, p. 16-17). Thickness of the Sanders Group is variable, ranging from 120 to 150 ft (Shaver a
	The West Baden Group is a mixture of sand­stones, siltstones, shales, and mudstones, interbedded with thin limestone lenses; outcrop thickness is 100 to 140 ft and subsurface thickness is as much as 260 ft in Gibson County (Shaver and others, 1986, 
	p. 167). The Stephensport Group is composed of equal parts of shales, sandstones, and limestones. Because of the erosional unconformity between the Mississippian and Pennsylvanian rocks, outcrops of the Stephensport Group are generally less than 50 ft thick and are absent in many places throughout the White River basin (Gray and others, 1987). The subsurface thickness of the Stephensport Group ranges from 130 to 230 ft (Shaver and others, 1986, p. 151). 
	Rocks of Pennsylvanian age within the White River basin include the Raccoon Creek, Carbondale, and McLeansboro Groups. These three groups are dominated by shales, but sandstones, siltstones, lime­stones, clays, and coal also are major components. Within the Raccoon Creek Group are the Mansfield, Brazil, and Staunton Formations. The Mansfield Formation, which can be as much as 300 ft thick, is mostly sandstone in the lower part of unit but con­tains increasingly more shale upward in the unit (Shaver and othe
	V) (Shaver and others, 1986, p. 112). The Dugger Formation contains several coal members and beds of limestone, shale, and clay, and ranges in thickness from 73 to 185 ft (Shaver and others, 1986, p. 39). The Shelburn, Patoka, and Bond Fonnations of the McLeansboro Group are present in the far south­western corner of the basin. The McLeansboro Group is more than 90 percent shale and sandstone, but has small amounts of siltstone, limestone, coal, and clay (Shaver and others, 1986, p. 86). The West Franklin L
	Unconsolidated Deposits 
	Nearly all of the White River basin is covered by unconsolidated deposits, most of which were deposited by continental ice sheets. During the Pleis­tocene, continental ice sheets consisting of numerous lobes advanced into Indiana at least three times and 
	Exposures of pre-Illinoian deposits are rare in the White River basin, and little information on the nature and extent of these deposits is available. During the Illinoian Age, ice covered as much as 80 percent of Indiana. Illinoian deposits are exposed throughout the southern half of the basin. These lllinoian deposits are predominantly loam tills that are heavily dissected; few morainal systems have been delineated. Pre-Illinoian and Illinoian glacial sediments are included in the Jessup Formation (Gray, 
	Overlying Illinoian and pre-Illinoian deposits are Wisconsinan glacial materials. During Wiscon­sinan glaciation, the Lake Michigan Lobe and Erie Lobe covered the upper one-third of the White River basin (fig. 8) and deposited extensive terminal and recessional morainal systems. Only small segments of these systems, the Union City and Crawfordsville Moraines (figs. 3 and 55), are within the boundary of the basin. The northern one-half of the basin is covered by thick ground moraine, which is composed of loa
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	Aquifer Types 
	The hydrostratigraphy of the White River basin is shown in 11 hydrogeologic sections (fig. 58). Hydrogeologic sections 8A-8A' to 8E-8E' are oriented south-north, and hydrogeologic sections 8F-8F' to 8K-8K' are oriented west-east (fig. 54). The typical spacing between hydrogeologic sections is about 18 mi, the exception being the spacing between 8D-8D' and 8E-8E', which is only 12 mi. The total length of the 11 hydrogeologic sections is about 410 mi. In all, 354 well logs were used to draw the sections. Thes
	Throughout the northeastern one-third of the basin, the principal aquifers are buried continuous sand and gravel where the drift is greater than 25 ft thick, carbonate rock (limestone and dolostone) where drift is thin, and surficial sand and gravel near major streams (fig. 59). Where the glacial deposits are thick, the depth of wells ranges from 50 to 400 ft and averages 150 ft (Bechert and Heckard, 1966, 
	p. 108-109). The carbonate bedrock aquifer in the northeastern one-third of the basin is Late Ordo­vician, Silurian, and Devonian in age. Wells in these rocks are as deep as 150 ft (Lapham, 1981, p. 16), but only the upper 100 ft is generally considered to be permeable (Cable and others, 1971 ). 
	Throughout the central one-third of the basin, principal aquifers include surficial, buried, and dis­continuous sand and gravel; an upper weathered zone in siltstone and shale, and a carbonate bedrock aquifer (fig. 59). The characteristics of the sand and gravel aquifers are the same as those in the north­eastern one-third of the basin. The siltstone-shale aquifer is used only where no other aquifer type is available. Water production from these normally low-yield rock types is from a zone of enhanced perme
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	carbonate bedrock aquifer is from Mississippian limestones. 
	The principal aquifers in the southwestern one­third of the basin are surficial sand and gravel; sandstone; complexly interbedded sandstone, shale, limestone, and coal; and carbonate rock (fig. 59). Surficial sand and gravel along large streams is the only productive sand and gravel aquifer in the south­western one-third of the basin. Yields from all bedrock aquifers in the area are low (less than 20 gal/min). Sandstone aquifers are present in Pennsylvanian rocks, aquifers in the complexly inter­bedded mate
	Unconsolidated Aquifers 
	Surficlal Sand and Gravel Aquifers 
	Surficial sand and gravel aquifers are restricted to the major river valleys throughout the basin (fig. 59) and can be seen in sections 8A-8A', 8B-8B', and 8F-8F' to 81-81' (fig. 58). In instances where an entire valley is filled from bedrock to land surface with sand and gravel (as shown in section 8A-8A' (fig. 58) along the White River near Martinsville), the valley was mapped as surficial sand and gravel aquifer. The entire thickness of sand and gravel may not represent a single, continuous deposit but r
	The areal extent of the surficial sand and gravel aquifer in the southern part of the basin is greater than that in the northern part; however, the demands on the aquifer in the north are much greater than in the south because of its use by the municipalities of Muncie, Anderson, and Indianapolis, and by nearby industries. Authors of previous studies have agreed that the ''outwash" aquifers that underlie the major streams are the most productive aquifers in the basin (Watkins and Jordan, 1961, 1962; Lapham,
	The surficial aquifer is generally unconfined along rivers (see section 8B-8B' along the White River and Fall Creek, fig. 58). In places, the aquifer is hydraulically connected to buried sand and gravel aquifers that extend beneath the river, as shown in section 8D-8D' (fig. 58) (Gillies, 1976, Smith, 1983). Recharge to the aquifer is from direct infiltration of precipitation and, at times, from the streams. The streams are connected hydraulically to the aquifer, usually gaining water from it; however, duri
	The thickness of the surficial sand and gravel aquifer ranges from 10 to more than 150 ft. Within the northern one-half of the basin, where the outwash aquifers have been studied extensively, the water table is generally within 10 ft of the surface. Satu­rated thickness, which ranges from 10 to 110 ft, depends on bedrock relief and thickness of the aquifer (Meyer and others, 1975; Smith, 1983). Hydraulic conductivities for the surficial sand and gravel aquifer range from 24 to greater than 1,500ft/d(Arihood
	Buried and Discontinuous Sand and Gravel Aquifers 
	Buried and discontinuous sand and gravel aquifers have similar origins and exhibit similar characteristics, and therefore, are discussed here together. The major difference between the two aquifer types is that buried sand and gravel aquifers are thicker and areally more extensive than the discontinuous sand and gravel aquifers. Buried sand and gravel aquifers, used in the northern one-half of the White River basin (fig. 59), can be seen in sections 8A-8A' to 8E-8E' and in section 8K-8K' (fig. 58). Disconti
	The buried and discontinuous sand and gravel aquifers are usually confined by layers of low-perme­ability till (see section 8A-8A', fig. 58) (Watkins and Jordan, 1962, p. 6-7; Arihood and Lapham, 1982, 
	p. 10-25). In some locations, the buried or discon­tinuous sand and gravel aquifers are contiguous with surficial sand and gravel aquifers along the major streams; together, the aquifers form a complex hydro­geologic system as shown in section 8C-8C' (fig. 58) (Gillies, 1976, p. 9; Meyer and others, 1975, p. 9-16). 
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	Recharge of buried and discontinuous aquifers is probably by infiltration of precipitation through the confining layers. Recharge rates reported by most of the studies of the White River basin were calculated from baseflow and static­water-level data (Lapham, 1981; Arihood and Lapham, 1982; Arihood, 1982; Lapham and Arihood, 1984). Such data can be used to deter­mine recharge rates for buried or discontinuous aquifers if the aquifers are hydraulically linked to the stream. However, this linkage is not the c
	The thickness of the buried and discon­tinuous sand and gravel aquifers ranges from 5 to 50 ft in most of the counties in the northern part of the basin (Lapham and Arihood, 1984, p. 11). Reported hydraulic conductivities of the confined buried and discontinuous aquifers range from 200 to 390 ft/d (Cable and others, 1971; Meyer and others, 1975). Many hydrologic studies in the northern part of the basin were based on the assumption that the average hydraulic conductiv­ities of the buried and discontinuous s
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	Figure 58. Hydrogeologic sections BA-BA' to BK-BK' of the White River basin-Continued. 
	Bedrock Aquifers 
	Carbonate Bedrock Aquifers 
	Carbonate bedrock aquifers are present in the northern one-third of the White River basin and in a north-south band that is about 15 to 20 mi wide near the middle of the basin (fig. 59). Carbonate bedrock aquifers are shown in all hydrogeologic sections (fig. 58) except section 8F--8F'. 
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	In the northern part of the basin, Ordovician shales and limestones of the Maquoketa Group are overlain by thick carbonate rock sequences with shale-dominant facies of Silurian and Devonian age (sections 8B-8B' to 8E-8E' and section 8K-8K', fig. 58)(Wayne, 1975,p. 16-17;Laphamand Arihood, 1984). The upper Ordovician rocks of the Maquoketa Group consist of a large proportion of carbonate rock in the northeastern part of the basin (Gray, 1972) and are adequate for domestic water supplies in some places; howev
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	Figure 58. Hydrogeologic sections BA-BA' to BK-BK' of the White River basin-Continued 
	VERTICAL SCALE GREATLY EXAGGERATED 
	Wayne (1975), in a Madison County report, states that nearly all of the rocks within the Silurian and Devonian Systems will yield water. Specific rock units that are particularly good water producers include the Salamonie Dolomite and the Louisville Limestone (Wayne, 1975, p. 16). 
	Recharge to the carbonate bedrock aquifers is mostly by infiltration and percolation of rainwater through the overlying glacial deposits. Thicknesses of specific carbonate bedrock aquifers within the Ordovician, Silurian, and Devonian systems range from 40 to 300 ft, but only the upper 150 ft is gener­ally tapped (Arihood, 1982, p. 8). The water-bearing capability of the Silurian and Devonian aquifers is 
	Other carbonate bedrock aquifers within the basin include the Mississippian Blue River and Sanders Groups. The carbonate rocks are well­cemented, dense, medium-bedded limestones; ground water commonly flows along fractured and weathered surfaces. Intense karst development in the limestone of these groups is common where they 
	Upper Weathered-Bedrock Aquifer 
	In the central one-third of the basin, aquifers are developed in an upper weathered zone of the Devonian and Mississippian New Albany Shale and siltstones and shales of the Mississippian Borden 
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	Group. This aquifer type is shown in hydrogeologic sections 8A-8A', 8I-8I', and 8J-8J' (fig. 58). The upper weathered zone is a zone of enhanced perme­ability produced by weathering before, during, and after glaciation. The availability of water in this weathered zone is highly variable and is dependent on the degree of enhanced permeability, the type and thickness of overlying deposits, and the bedrock topography. The dependence on type and thickness of overlying deposits is evident in hydro­geologic secti
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	R.12 R.14 E. I R.15 E, 1 R.1 w. siltstones are generally much thicker, but variable in is 10 gal/min (Cable and others, 1971; Cable and thickness as well. Robison, 1973). 
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	The shale-siltstone upper weathered-bedrock aquifer is used primarily for domestic and stock water supplies in areas where no other aquifers are available. The exact thickness of the weathered­bedrock aquifer is unknown but is inf erred by the depth of the wells that are completed in it. These depths range from 20 to greater than 200 ft, but the zone of enhanced permeability is generally limited to the upper 150 ft (table 10). Because shales and siltstones are generally considered to be confining units, hyd
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	Complexly lnterbedded Sandstone, Shale, Limestone, and Coal Aquifer 
	In the southwestern part of the basin, laterally discontinuous basal sandstones and to a lesser degree, limestones and coals are the principal aquifers (Cable and Robison. 1973, p. 8-9). These aquifers are contained within complexly interbedded sandstones, siltstones, shales, limestones and coals of Missis­sippian and Pennsy]vanian age. The complexly inter­bedded sequence is shown in hydrogeologic sections 8F-8F' to 81-81' (fig. 58). The sections may or may not show individual aquifer units within the com­p
	Because aquifers within the complexly inter­bedded sequences are discontinuous, water-bearing capabilities are variable and can be assessed only on a local basis. These complexly interbedded sequences are therefore mapped as "aquifer-potential unknown" in the hydrogeologic sections and on the aquifer map (fig. 59). Wells finished in the com­plexly interbedded bedrock are usually not screened but are open throughout the length of the well; it is not always possible, therefore, to identify the unit that is th
	Sandstone Aquifers 
	Most of the sandstones are sheetlike deposits or sinuous channel sandstones (Cable and Robison, 1973) that range from less than 20 to 100 ft. Thin discontinuous sandstones are combined with other shales. siltstones, limestones, and coal deposits and mapped as "aquifer-potential unknown." The more extensive sandstones are shown in hydrogeologic sections 8F-8F' to 81-81' (fig. 58) where they are mapped as aquifers (fig. 59). These sandstones produce greater yields than do the thin, discontinuous sandstones wi
	p. 1 l ). Recharge to these sandstone aquifers occurs where the formations crop out at the surface, pri­marily in the southern, unglaciated parts of the basin. 
	Permeability of most of the sandstones is low, and yields from wells that tap any of the relatively continuous sandstone aquifers are correspondingly low; maximum yield is 30 gal/min, and average yield 
	Summary 
	Several large cities, including Indianapolis, and all or parts of 27 counties lie within the White River basin. The basin contains unconsolidated glacial deposits which overlie bedrock that ranges in age from Ordovician to Pennsylvanian. The uncon­solidated deposits consist of clay-rich, loamy, tills interbedded with stratified sand and gravel, as well as sand and gravel deposited as outwash along the major streams. A variety of lithologies are present in the bedrock system. Limestones and shales dominate t
	Seven different aquifer types have been identi­fied within the basin: three unconsolidated aquifer types and four bedrock aquifer types. The most productive aquifers are the surficial sands and gravels. Wells completed in this type of aquifer can yield as much as 2,000 gal/min; such wells are major water sources for Indianapolis, Anderson, and Muncie. The surficial sand and gravel aquifers are generally unconfined, are variable in thickness, and have high hydraulic conductivities. 
	Buried and discontinuous sand and gravel aquifers are commonly used where the drift is thick. The hydro logic character of these aquifers is similar to surficial sand and gravel aquifers, but the aquifer is confined by relatively impermeable till layers. 
	Carbonate rocks form the primary bedrock aquifer in the northern one-third and the west-central part of the basin. Well yields are moderate to high in the northern part of the basin, ranging from 20 gal/min to greater than 600 gal/min, but recharge rates are probably low because recharge occurs by infiltration and percolation of rainwater through the overlying fine-grained glacial deposits. Yields from the carbonate bedrock aquifer in the west-central part of the basin are lower than in the north, ranging f
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	SURflCIAL SAND AND GRAVEL AQUIFER 
	BURIED SAND AND GRAVEL AQUIFER 
	DISCONTINUOUS SAND AND GRAVEL AQUIFER--Generally thin lenses of buried sand and gravel 
	CARBONATE BEDROCK AQUIFER 
	EXPLANATION 
	El D 
	m 
	-·· 
	SANDSTONE AQU IFER 
	COMPLEXLY INTERBEDDED SANDSTONE, SHALE, LIMESTONE, AND COAL AQUIFER--Potential unknown 
	UPPER WEATHERED-BEDROCK AQUIFER--Pattern dashed where potential unknown 
	WATER-MANAGEMENT-BASIN BOUNDARY 
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	{<, less than; locations of aquifer types shown in fig. 59] 
	Table 10. Characteristics of aquifer types in the White Ri,ver basin 
	Bechert and Heckard, 1966. 
	Clark, 1980. 
	Herring, 1971; 1974. 
	Arihood and Lapham, 1982. 
	Barnhart and Middleman, 1990. 
	Watkins and Jordan, 1961; 1962; 1963. 
	Reported thickness is not total thickness of unit hut thickness of unit considered permeable or water bearing. Shaver and others, 1986. Water is commonly found in thin beds within complexly interbedded sequence. 
	Thomas, 1980. 
	Complexly interbedded rocks of different lithologies are used as aquifers in the southern one­third of the basin, but yields from these aquifers are generally low. The major water producers within the complexly interbedded sequence are thin sandstones but limestones and coals also can produce water. 
	Relatively continuous sandstone units, mostly within the Pennsylvanian System, such as the Mansfield Formation, are used as aquifers and are 
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	mapped as a separate aquifer type. Well yields from sandstone aquifers are slightly higher than from the complexly interbedded aquifers. 
	In the central part of the basin, the only source of usable quantities of water is a weathered zone within shale and siltstone. These rocks have suffi­cient secondary permeability to serve as a source of water, but only for small supplies. Well yields range from O to 10 gal/min within this aquifer type. 
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	EAST FORK WHITE RIVER BASIN 
	By Joseph M. Fenelon and Theodore K. Greeman 
	General Description 
	The East Fork White River basin, located in south-central Indiana, extends from the southwestern to the east-central part of the State. The basin has an area of 5,746 mi, and its long axis trends northeast­southwest for a distance of approximately 150 mi. The East Fork White River basin includes all, or part of, the following counties: Bartholomew, Brown, Daviess, Decatur, Dubois, Hancock, Henry, Jackson, Jefferson, Jennings, Johnson, Lawrence, Marion, Martin, Monroe, Orange, Pike, Ripley, Rush, Scott, Shel
	Previous Studies 
	The only ground~water study that describes the hydrogeology of the entire East Fork White River basin was done by Nyman and Pettijohn ( 1971). The report is a brief description of the important aquifers in the basin, and includes information on well yields 
	A number of publications contain information on localized hydrogeology of the eastern half of the basin. These publications include a series of county ground-water-availability maps, which emphasize the reported and potential well yields from the major aquifers in the northeastern counties of the East Fork White River basin. These maps, published by the Indiana Department of Natural Resources, Division of Water, are for Shelby (Bruns and Uhl, 1976), Hancock (Uhl, 1975), Henry (Uhl, 1973), Johnson (Uhl, 1966
	Hydrogeologic studies in or near Columbus, Bartholomew County, have defined the ground-water resources of that area (Klaer and Kingsbury, 1948; Klaer and others, 1951), mapped the glacial outwash aquifer along the Flatrock River and East Fork White River (Davis and others, 1969). and modeled ground­water availability (Watkins and Heisel, 1970). Ground-water models have also simulated water­level declines that might result from different arrangements of municipal water-supply wells for the cities of Columbus
	Ground-water resources in three watersheds in the northeastern one-third ofthe basin were evaluated to determine the effects of proposed reservoirs upon the hydrology of the Big Blue River (Nyman and Watkins, 1965a), the Flatrock River (Nyman and 
	Two publications on the southeastern part of the basin provide detailed maps of lineament and fracture-trace locations in Jennings County (Gree­man, 1981) and Decatur County (Greeman, 1983). These studies describe the bedrock aquifers and explain the hydrologic significance of the mapped lineaments and fracture traces to ground-water well yield. 
	A brief description of the aquifers in the south­western one-fifth of the basin is included in Wangs­ness and others (1981). Rube ( 1975) studied the Lost River watershed to investigate the connection between surface-water and ground-water flow in the karst terrain. 
	Physiography 
	Seven physiographic regions in the East Fork White River basin were defined by Malott ( 1922) and later refined by Wayne (1956) and Schneider (1966). The Tipton Till Plain (fig. 61), located in the northern one-fifth of the basin, is a nearly flat to gently undu­lating till plain. The southern boundary of the Tipton Till Plain is approximate and is located where drift thickness obscures the underlying bedrock physiog­raphy. The remainder of the basin is within six bedrock-dominated physiographic units that 
	The easternmost physiographic unit in the East Fork White River basin is the Muscatatuck Regional Slope. The eastern boundary of the physiographic unit roughly coincides with the eastern boundary of the drainage basin. The Muscatatuck Regional Slope has a westerly dip of approximately 400 ft over 25 mi or 0.17 degree (Schneider, 1966, p. 43). The slope is controlled by the regional dip of the Silurian and Devonian carbonate bedrock. In general, river 
	The Scottsburg Lowland is west of the Musca­tatuck Regional Slope. The lowland is a 10-to 20-mi-wide trough with little relief and is underlain by Devonian and Mississippian shales. Pre-Wiscon­sinan glaciers followed the Scottsburg Lowland into southern Indiana and northern Kentucky. During the pre-Wisconsinan and later glacial advances and retreats, the Scottsburg Lowland became a principal discharge route for meltwater and outwash. North of Scottsburg, this lowland is now filled with outwash deposits rang
	Further west, in the central part of the East Fork White River basin, is the Norman Upland. The Norman Upland is separated from the Scottsburg Lowland by the Knobstone Escarpment, which stands as much as 300 ft above the Scotts burg Low land. (See hydrogeologic section 9G-9G', R. 3 E., fig. 64.) This escarpment is capped by sandy siltstones that are more resistant to weathering than underlying Devonian and Mississippian shales. The upland is generally flat topped but thoroughly dissected by steep-sloped str
	p. 45). The escarpment also marks the location of a major change in bedrock dip, which becomes steeper to the west. (This change in bedrock dip is discussed in the "Bedrock Geology" section.) 
	The Mitchell Plain, lying to the west of the Norman Upland, is underlain by Mississippian lime­stones. The area is a low-relief karst plain that is intensely pitted in some areas by thousands of sinkholes. Surface drainage is poorly developed because of the extensive internal drainage. Most of the precipitation and some of the rivers drain under­ground through swallow holes. 
	The Crawford Upland is underlain by com­plexly interbedded Mississippian and Pennsylvanian sandstones, shales, and limestones, which cause the topography to be very diverse. The area is a westward-sloping, deeply dissected upland with local relief of as much as 350 ft (Schneider, 1966, p. 48). 
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	The westernmost physiographic region in the basin is the Wabash Lowland. Land surface eleva­tions in the Wabash Lowland are 300 to 400 ft below the top of the Crawford Upland (Schneider, 1966, 
	p. 48). The lowland is underlain by Pennsylvanian siltstones, sandstones, and shales and is covered by thin glacial drift within the basin. The Wabash Lowland is generally characterized by low relief and gentle slopes (Schneider, 1966, p. 49). 
	Surface-Water Hydrology 
	Most of the rivers in the East Fork White River basin drain to the southwest because of the regional slope of the bedrock. The East Fork White River, which begins at the confluence of the Driftwood and Flatrock Rivers, is the largest river in the basin (fig. 60). From its origin at Columbus to its mouth in the southwest comer of the basin, the East Fork White River flows 239 mi (Hoggatt, 1975, p. 58). The East Fork White River flows into the White River near Petersburg, Ind. (figs. l and 54). 
	Major tributaries to the East Fork White River with drainage areas greater than 500 mi(fig. 60) include (1) the Muscatatuck River, which drains the southeastern part of the basin; (2) Salt Creek, which drains the west-central part of the basin; and (3) the Driftwood River, Flatrock River, and Big Blue River, which drain the northern part of the basin. Drainages in the basin that are from 100 to 500 miin drainage area include the Lost River, Sugar Creek, Graham Creek, Clifty Creek, Big Creek, Indian Creek, W
	Rivers in the eastern half of the basin have a subparallel drainage pattern that reflects the regional dip of the bedrock. The rivers exhibiting subparallel drainage down the regional bedrock slope are Sugar Creek, the Big Blue River, the Little Blue River, the Flatrock River, Clifty Creek. Sand Creek, Vernon Fork (both North and South Forks), Graham Creek, and the East Fork White River from Medora to Jones­ville. These rivers flow southwest, into the 
	Only two rivers in the East Fork White River basin breach this escarpment. The East Fork White and the Muscatatuck Rivers breach the escarpment about 15 mi apart in Jackson County. Flowing southwest and west, respectively, from their cuts through the escarpment, the East Fork White River is joined by the Muscatatuck River near Medora. 
	Drainage of the Mitchell Plain (fig. 61) in northeast Orange County, central Lawrence County, and Monroe County is considerably different from the rest of the basin; most runoff quickly leaves the surface by entering sinkholes and becoming part of the ground-water system. In the streams that do flow across the Mitchell Plain, some surf ace water is inter­cepted by swallow holes and diverted underground into either the ground-water system or subterranean channels. For example, in Orange County, the Lost Rive
	R. I W. and 1 E., T. 2 N. (fig. 60). The water then flows through underground channels and reemerges 7 mi to the west and 168 ft lower (Ruhe, 1975, p. 33). 
	Monroe Reservoir and Hardy Lake are the two principa] lakes in the basin (fig. 60). They were formed from rivers that were dammed to provide flow regulation, water supply, and recreation. Monroe Reservoir is the largest maximum-capacity reservoir in Indiana (second largest normal capacity) with a surface area of 16.8 mi(Ruddy and Hitt, 1990. p. 99-103). 
	Geology 
	Bedrock Deposits 
	The East Fork White River basin is southwest of the Cincinnati Arch (fig. 4). Bedrock dips to the southwest into the Illinois Basin at approximately 20 ft/mi in the northeastern part of the basin, as deter­mined from the mapped top of the Ordovician rocks (Bassett and Hasenmueller, 1980). In the south­western part of the basin, the dip of the shallow bedrock increases to about 43 ft/mi as measured from 
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	EXPLANATION 
	the mapped top of the West Baden Group of Missis­sippian age (Geosciences Research Associates, 1982), whereas the dip of deeper Ordovician rocks increases to greater than 60 ft/mi in the same area (Bassett and Hasenmueller, 1980). 
	The Mt. Carmel Fault trends north-northwest in Monroe, Lawrence, and northwestern Washington Counties; the southern 50 mi of the fault is within the basin (fig. 62). This fault functions as a hinge line on the east side of the Illinois Basin, with steeper bedrock dips west of the fault (see section 90-90', fig. 64). The western side of the fault is downthrown approxi­mately 100 to 200 ft (Shaver and Austin, 1972, p. 11 and 20). Locally, shorter parallel faults (about 5 mi in length) are present (Shaver and 
	Rocks of Ordovician through Pennsylvanian ages are present at the bedrock surface in the East Fork White River basin. The oldest rocks at the bedrock surface underlie thick drift in buried bedrock valleys in the far northeastern part of the basin and are exposed in 
	Silurian rocks, which overlie the Ordovician rocks, are present along the eastern edge of the basin (fig. 62). Silurian formations in the basin are (from oldest to youngest) the Brassfield Limestone, the Salamonie Dolomite, the Waldron Shale, the Louisville Limestone, and the Wabash Formation (fig. 5). The Waldron Shale and Louisville Limestone form the Pleasant Mills Formation in the northern one-third of the basin. The Silurian rocks are composed primarily of limestone, dolomite, dolomitic limestone, and 
	The Devonian Muscatatuck Group uncon­formably overlies the Silurian rocks. The Muscatatuck Group, in areas of outcrop, consists of 50 to 90 ft of dolomite and limestone and small amounts of anhydrite and gypsum (Shaver and others, 1986, p. 99; Gray and others, 1985). Devonian carbonate rocks are present at the bedrock surface in more than 1,000 miof the eastern part of the East Fork White River basin, although they have been eroded from the extreme eastern edge of the basin (fig. 62). The combined thickness
	The Silurian and Devonian carbonate rocks are overlain by the Devonian and Mississippian New Albany Shale. This greenish-gray to black, fissile shale crops out in a 5-to 20-mi-wide northwest­trending band in the Scottsburg Lowland ( east-central part of the basin) (fig. 62). Eroded or not deposited across the Cincinnati Arch, the New Albany Shale ranges from 85 to 150 ft in thickness in the East Fork White River basin. The shale is considered a con­fining unit, greatly restricting the connection between sur
	Rocks of Mississippian age include the Rockford Limestone and the Borden, Sanders, Blue River, West Baden, and Stephensport Groups (fig. 5). The Rockford Limestone, averaging 3 ft in thickness, is a widespread marker bed that separates the New Albany Shale from the overlying Borden Group. The Borden Group is a thick (500 to 800 ft) unit with a north-northwest trending outcrop area of almost 1,000 miin the central part of the basin (fig. 62). The Borden Group is composed of siltstone and shale interbedded wi
	Cropping out to the west and overlying the Borden Group are the Sanders and Blue River Groups (fig. 62). Both groups are primarily carbon­ate rocks that contain minor amounts of chert, shale, siltstone, anhydrite, gypsum, and calcareous sand­stone (Shaver and others, 1986, p. 16 and 137). These Mississippian carbonate rocks range in thickness from about 350 ft in Momoe County to 550 ft in Orange County. In some areas, the thick­bedded carbonate rocks are quarried for fine building stone. Other horizons cont
	The youngest Mississippian rocks in the basin are the West Baden and Stephensport Groups. Both groups are composed of shale, sandstone, and lime­s tone; however, the West Baden Group is dominated by shale and sandstone. The West Baden Group is 100 to 120 ft thick in the East Fork White River basin, and the Stephensport Group is 130 to 150 ft thick (Gray and others, 1985). The West Baden and Stephensport Groups underlie the eastern half of the Crawford Upland. An erosional surface with as much as 150 ft of l
	Pennsylvanian rocks above the erosional surface include the Raccoon Creek Group and the Carbondale Group. They are found in a small area in the far southwestern comer of the basin (fig. 62). The Raccoon Creek Group is 150 to 500 ft thick and is 95 percent shale and sandstone, the remainder con­sisting of clay, coal, and limestone (Shaver and others, 1986, p. 120-121). Shale is more common than sandstone in the Raccoon Creek Group, even though a 50-to 185-ft-thick sandstone, the Mansfield Formation, is at th
	p. 87 and 121). The youngest rocks in the basin are in the Carbondale Group. The group is composed mostly of shale and sandstone, but it contains some thin, but laterally extensive, limestone beds and economically important coal beds (Shaver and others, 1986, p. 27). The Carbondale Group is typically less than 300 ft thick in the basin. 
	The geologic record from the end of the Penn­sylvanian Period to the Quaternary Period is missing. This hiatus could represent either a nondepositional period or sediments that were deposited and later eroded. At the beginning of the Quaternary period, preglacial rivers draining the eastern half of the East Fork White River basin flowed southwest down the bedrock slope and into the low land developed on the New Albany Shale (Scottsburg Lowland). These preglacial rivers drained into one river, which flowed s
	The bedrock surface in the far northeastern part of the basin, in Henry County and northern Rush County, indicates a north-flowing preglacial stream. This buried bedrock valley is part of the Lafayette Bedrock Valley System (fig. 7). Hydrogeologic sections 9F-9F' and 9J-9J' (fig. 64) show relief on the buried bedrock surface exceeding 300 ft in north­eastern Henry County. 
	Unconsolidated Deposits 
	More than two-thirds of the East Fork White River basin was glaciated during the Pleistocene Period. Pre-Wisconsinan glaciers covered the north­eastern two-thirds and the extreme downstream end of the basin (fig. 61). Wisconsinan ice overrode the earlier glacial deposits in the northeastern one-third of the basin. Three general areas characterized by different types of s urficial deposits are (1) the ungla­ciated part of the basin, (2) the glaciated area south of the Wisconsinan glacial boundary, and (3) th
	The unglaciated part of the basin is in the western one-third but excludes the far downstream end. Unconsolidated deposits in the unglaciated area are mostly soils that have developed on the under­lying bedrock. Exposed bedrock types include silt­stone, shale, carbonate rock, and sandstone. Residual reddish-brown soils developed on the carbonate rocks can be as thick as 50 ft (Gray, 1989). Most of the area however, is covered by thin deposits of soils and loess that are generally from 5 to 20 ft thick (fig.
	The central one-third of the basin and the far western part were glaciated only by pre-Wisconsinan glaciers (fig. 61). The pre-Wisconsinan glaciated area is mantled by a complex mix of deposits. Streams have exposed bedrock in many places throughout the pre-Wisconsinan part of the East Fork White River basin (Gray, 1989). Drift overlying the bedrock throughout much of the area is a deeply weathered loam to sandy-loam till of the Jessup Formation, the oldest Pleistocene unit recognized in Indiana (Schneider 
	In general, the unconsolidated deposits in the central one-third of the basin are less than 50 ft thick (fig. 63). Exceptions can be found along the East Fork White River and part of the Muscatatuck River, where thicknesses range from 50 to more than 100 ft. The East Fork White River flows in a 3-mi-wide glacial drainageway. This drainageway was filled when outwash from Wisconsinan and pre-Wiscon­sinan glaciers was deposited in the river valley. Recent alluvial deposits of silt, sand, and gravel overlie the
	The northern one-third of the basin was ini­tially glaciated by pre-Wisconsinan glaciers that deposited thick tills and some outwash of the Jessup Formation. During the Wisconsinan Age, loam till of the Trafalgar Formation was deposited in the basin. The Wisconsinan tills were deposited by the Huron­Erie ice lobe (fig. 8), which advanced out of the Lake Huron and Lake Erie basins to the northeast. During the Wisconsinan Age, ice advanced and retreated from the basin on several occasions, forming moraines. T
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	8 
	I NTERBEDDED SHALE ANO MISSISSIPPIAN SHALE-
	SANDSTONE , WITH TH IN BEDS Composed of the New Albany OF LIMESTONE AND COAL--Shale Composed of the Rocoon Creek ond Carbondale Groups 
	B 
	DEVONIAN LIMESTONE AND DOLOMITE--Composed of theSPRINGFIELD COAL MEMBER Muscatatucl< Group (COAL V) 
	G 
	SILUR IAN DOLOMITE AND 
	BUFFALOVILLE COAL MEMBER LIMESTONE--Composed of the Wobosh ond Pleasant Mills Formations, and the 
	B 
	MISSISSIPPIAN COMPLEXLY Salamonie Dolomite, I NTERBEDDED SHALE, Louisville Limestone, SANDSTONE AND LIMESTONE--Cotoroct Formation, ond the Composed of the West Boden, Brossfietd Limestone Stephenspo rt, and Buffalo Wol lo w Groups 
	ORDOVICIAN SHALE ANO LIM ESTO NE--Composed of the
	B 
	MISSISSIPPIAN LIMESTONE--Dillsboro and Whitewater Composed of the Sonders and Formations Blue River Groups 
	..1....1....1.....L NORMAL FAULT--Hochures TOP OF NEW PROVIDENCE on do wn thrown side. Ooshed SHALE where opproximotely located 
	MISSISSIPPIAN SILTSTONE ----GEOLOGIC CONTACT--Dashed AND SHALE WI TH MINOR where approximately locoted SANDSTONE AND DISCO NTINUOUS LIMESTONE--Composed of the Borden Group WATER-MANAGEMENT-BASIN 
	BOUNDARY 
	ROCKFORD LIMESTONE 
	the furthest Wisconsinan advance into the East Fork White River basin. The Shelbyville Moraine is well developed and low-lying, with only about 20 ft of relief (Schneider and Gray. 1966. p. 10). The Crawfordsville Moraine is also present in the basin, but it is not as well developed (fig. 61). The thick­ness of the Wisconsinan drift ranges from Oto 150 ft and is typically 20 to 50 ft (Schneider and Gray, 1966, p. 20). Till generally thickens northward in the basin. 
	The total thickness of all unconsolidated deposits in the northeastern one-third of the basin ranges from Oto more than 400 ft (fig. 63). Substan­tial deposits of sand and gravel are located along or near Sugar Creek, the Big Blue River, the Flatrock River, and in several abandoned channels. These deposits consist of glacial outwash and recent stream deposits (Nyman and Pettijohn, 1971, p. 24). The thickest unconsolidated deposits are in buried bedrock valleys and consist of till interbedded with sand and g
	Aquifer Types 
	Ten hydrogeologic sections (9A-9A' to 9J-9J', fig. 64) were constructed for this atlas to depict aquifer types in the East Fork White River basin. Hydrogeologic sections 9A-9A' to 9F-9F' are oriented south-north, whereas hydrogeologic sections 9G-9G' to 9J-9J' are oriented west-east (fig. 60). Almost 620 well logs were used to construct the sections; average density of logged wells plotted along the sections is 1.2 wells per mile. Information from the following authors aided in interpretation of well logs a
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	A map showing the extent of aquifers in the East Fork White River basin (fig. 65) was con­structed. The aquifer map depicts seven different aquifer types in the basin: (1) surficial sand and gravel; (2) buried sand and gravel; (3) discontinuous sand and gravel; (4) carbonate rocks; (5) complexly interbedded sandstone, shale, limestone, and coal; 
	(6) sandstone; and (7) an upper weathered zone in siltstone and shale. The aquifer map was constructed from the widely-spaced hydrogeologic sections and reports listed in the previous studies section. 
	The principal unconsolidated aquifers in the East Fork White River basin are associated with the glacial drift and outwash deposits along the major rivers. All buried sand and gravel deposits are in the northern one-third of the basin, whereas discon­tinuous sand and gravel aquifers are concentrated into four areas shown in figure 65. Surficial sand and gravel deposits are adjacent to the main rivers throughout the basin. The principal source of water in the bedrock is the carbonate rocks, which underlie ab
	Unconsolidated Aquifers 
	Three types of unconsolidated sand and gravel aquifers are mapped in the East Fork White River basin: surficial outwash deposits located adjacent to some of the major rivers; buried sand and gravel; and discontinuous sand and gravel, including surficial and buried deposits (fig. 65). In general, where a sur­ficial sand and gravel aquifer or buried sand and gravel aquifer is mapped, it is the primary aquifer in that area. 
	Surflcial Sand and Gravel Aquifers 
	Major surficial sand and gravel aquifers are adjacent to the East Fork White River in Jackson and 
	1989). In the northern one-third of the basin, surficial sand and gravel thickness along Sugar Creek, Brandywine Creek, the Big Blue River and the Flatrock River generally ranges from 10 to 40 ft (Nyman and Pettijohn, 1971, p. 24). Surficial deposits attain a maximum saturated thickness of 
	120 ft and a width of more than 5 mi just north of Columbus (Watkins and Heisel, 1970, pl. l). South of Columbus, in the central one-third of the basin, surficial aquifers are 2 to 4 mi wide with 20 to 100 ft ofsaturated thickness (Planert and Tucci, 1979, p. 8). All surficial deposits in the western one-third of the East Fork White River basin are along the East Fork White River, Salt Creek, and the Lost River. The outwash deposits along the East Fork White River narrow to less than 1 mi and less than 100 
	1971, p. 24). Although, by definition, the mapped surficial sand and gravel aquifer is within 10 ft of the land surface, the aquifer is deeper in places. 
	Along the river valleys containing surficial sand and gravel, infiltration rates are high, and a large amount of the average annual 40 in/yr of precipi­tation reaches the water table. In Bartholomew County, recharge rates to the surficial sand and gravel are approximately 15 to 18 in/yr (Jack Whitman, Indiana University, oral commun., 1992). Horizontal hydraulic conductivity of the outwash aquifer in Bartholomew County ranges from 200 to 800 ft/d and averages 470 ft/d (Watkins and Heisel, 1970, 
	p. 6-7). Transmissivity as high as 67,000 ft/d is reported by Watkins and Heisel (1970, p. 1). The outwash valleys are the major ground-water dis­charge areas for the basin. Most of the ground water in the surficial sand and gravel flows into, and contributes to, the base flow of the rivers within the valleys (Watkins, 1964, table 1; Nyman and Watkins, 
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	1965a. table 1; 1965b, table 1). Ground water con­tributes about 0. 7 5 ft/s per mile of river reach to the Big Blue River and Sugar Creek during base flow. Further downstream along the East Fork White River from Columbus to Seymour, base-flow discharge is about 1.0 ft/s per mile of reach (Nyman and Pettijohn, 1971, p. 28). According to Nyman and Pettijohn (1971, p. 27), this reach of river from Columbus to Seymour has the greatest potential for ground-water development in the basin. Ground­water yields in 
	Burled Sand and Gravel Aquifers 
	Forming general horizons in the drift, buried sand and gravel aquifers are found in laterally con­tinuous deposits covered by more than 10 ft of non­aquifer material. Buried aquifers underlie about one­sixth of the basin, primarily in Henry, Hancock, Shelby, and Johnson Counties (fig. 65). Buried aquifers are shown in the west end of hydrogeologic sections 9H-9H' to 9J-9J' and the north end of hydrogeologic sections 9E-9E' and 9F-9F' (fig. 64). 
	In the East Fork White River basin, multiple buried aquifers are commonly found at different hori­zons in the thick drift. Some of the buried aquifers in the East Fork White River basin correspond to buried aquifers reported in several previous studies of the adjacent White River basin (Lapham, 1981; Arihood, 1982; Arihood and Lapham, 1982). For example, Arihood and Lapham (1982) identified the tops of four buried aquifers in northern Henry County at altitudes of 900 ft, 960 ft, 1,000 ft, and 1,040 ft above
	Just as several of the buried sand and gravel aquifers continue across the basin divides, ground­water flow also crosses the divides. In hydrogeologic section 9E-9E' (fig. 64), the ground-water divide for the buried aquifers (T. 16 N.) is about 6 mi south of 
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	the surface-water divide between the White and East Fork White River basins. Ground water flows north under the smface-water divide toward Fall Creek (located in the White River basin, fig. 54), which is entrenched about 50 ft deeper than the headwaters of Sugar Creek. 
	In general, recharge to the buried sand and gravel is from ground-water flow through overlying tills and other confining units. In the upstream reaches of many of the rivers, some of the river water and shallow ground water probably flows downward to recharge the buried sand and gravel (Watkins, 1964, table 1; Nyman and Watkins, 1965a, table 1; 1965b, table 1). Much of the ground water probably flows toward major river valleys, where it discharges into the rivers. Ground-water yields to wells in buried sand
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