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COVER: A hydrogeologic section depicts sand and gravel aquifers (colored purple) and a carbonate bedrock aquifer (colorezkbliie)lzadje Michigan in northern
Indiana. The hydrogeologic section is one of 104 sections that were drawn for this atlas. Section lines (shown asbline IBdée map) were drawn within each of
Indiana’s 12 water-management basins. The sections and maps included in this atlas provide a three-dimensional pistdregedlogy in Indiana.
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Hydrogeologic Atlas of Aquifers in Indiana

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

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 is
1:500,000. Aquifer maps are based on informatio
from hydrogeologic sections and from previous
studies. Where a type of aquifer was less than

15 square miles in areal extent, it was not mappeo,

because of scale limitations. Types of aquifers
depicted in the illustrations include unconsolidate
and bedrock aquifers.

Unconsolidated aquifers are the most widelyyield small quantities of water of variable quality, few basin studies, detailed site-specific investigation
used aquifers in Indiana. Types of unconsolidatedout they are important if they are the only availableand large-scale maps and assessments of the aquife
aquifers include surficial, buried, and discontinuousaquifer in a particular area. The remaining bedrock the State.
layers of sand and gravel. Most of the surficial sandquifer, which is used when it is the sole source of

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 andsissippian and Devonian age and, to a lesser extefjepartment of Environmental Management, 1987).
gravel aquifers underlie much of the northern 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 ardimestone of Ordovician age.

ddeposits of complexly interbedded sandstone, silt-and descriptions of the majaquifers' that pertain to

others

INTRODUCTION The Strategy states that nearly all aspects of ground-
water regulation, research, and utilization in the publ
Ground water is the source of drinking water forand private sectors can benefit from maps and descri
nearly 60 percent of the residents of Indiana. Approxtions of the aquifers in the State. Therefore, onk of t
mately 425 community water systems, 3,000 noncomshort-term goals of the strategy was the creati@n of
munity water systems, 500 mobile-home parks, and ground-water atlas of Indiana that would identify

500,000 private homes are supplied by wells (Indianageneric aquifers on a large scale (Indiana Departme

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

Rauifers are areally widespread and a major sourcgepartment of Environmental Management, 1990,  of Environmental Management, 1987, p. 5). The ter

of water for many domestic users and some large p. 223; Indiana Department of Natural Resources, “generic” was used to imply that aquifers do notnec
users of ground water. Carbonate rocks (limestongggg, written commun.). In addition to drinking-water sarily conform to geologic age, group, or formation.
and dolostone); sandstones; complexly interbeddeslipplies, ground water is withdrawn for energy
sandstone, siltstone, shale, limestone, and coal; aptbduction, irrigation, and industrial, commercial, and
an upper weathered zone in low permeability rockgricultural uses. In 1991, about 204 Bgal (billion
comprise the types of bedrock aquifers. Aquifers irgallons) of ground water, or a daily average of
carbonate rocks of Silurian, Devonian, and Missis->59 Mgal (million gallons), was withdrawn. The
sippian age underlie about one-half of Indiana andcombined capability of registered ground-water wit
are the most important of the bedrock aquifers in drawal facilities in 19_91 was 3,540 Mgal/d (million
terms of yield and areal extent. The other principap@/lons per day) (Indiana Department of Natural
type of bedrock aquifer is sandstone, which under XeSOUrces, 1993, written commun.).

ies large areas in the southwestern one-fifth of Ground water is an important and abundant
Indiana. The mapped sandstones are located withitatural resource in Indiana; however, detailed maps

In response to the need for such an atlas, the
U.S. Geological Survey (USGS), in cooperatiort wit
the Indiana Department of Natural Resources DN
and the Indiana Department of Environmental
h- Management (IDEM), prepared a series of hydcoge
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

stone, shale, limestone, and coal of Mississippian the entire State have not been available. Published the Lake Michigan, St. Joseph River, Kankake Riv

and Pennsylvanian age. These complex depositsreports are currently limited to county-wide studies, aMaumee River, Upper Wabash River, Middle Waba
sF’leer, Lower Wabash River, White River, Eastior

White River, Whitewater River, Patoka River, and
Onhio River water-management basins in Indiarta. T
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 t
sections is greatly exaggerated. Also included are
maps that show the location of the hydrogeologic
section lines, the thickness of unconsolidated deposi
(from Gray, 1983), and the bedrock geology (from
Gray and others, 1987) for each basin at a scale of
1:500,000.

X The Indiana Ground-Water Protection and
water for an area, is an upper weathered zone  \anagement Strategy lists the delineation and
developed primarily in siltstone and shale of Mis- mapping of aquifers as a primary need (Indiana

in some of the shale and limestone of Ordovician
age. No aquifer is mapped in the southeastern
corner of Indlana, Wthh IS underlaln by Shale and ITerms in bold are defined in the “Definitions of Selected
Terms” at the back of this report

Introduction 1
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As defined in this atlas, an aquifer is a geologic studying the flow and water quality in the regional ~ Acknowledgments Steuben Morainal Lake Area, and the Maumee Lacus-

formation, group of formations, or part of a formation carbonate bedrock and glacial aquifer system in trine Plain (fig. 2). A variety of glacial and postglacial
that contains sufficiersaturated permeable material  Indiana (Bugliosi, 1990; Casey, 1992; Schnoebelen, The staff of the Indiana Department of Environ- landforms are in this 8,500 frarea. Glacial deposi-

to yield quantities of potable water adequate for 1992). mental Management and the Indiana Department of  tional features include end moraines, till plamgywash
domestic purposes (Lohman and others, 1972, p. 2). Natural Resources were helpful in all aspects of the atlgsains andvalley trains, kames, and lake plains. These
Location and delineation of aquifers throughout The location and extent of ground-water project including planning, format, and review of the  landforms have a diverse mix of sediments with highly
Indiana is the primary goal of this atlas. Types of  resources or aquifers in Indiana have been mapped by¥las. Special thanks are extended to the following  variable hydrogeologic properties and numerous litho-

aquifers are distinguished by lithology, thickness,  few authors. Bechert and Heckard (1966, p. 109)  People: Robert Hiltah Martin Risclf, James logic discontinuities. Related postglacial landforms
depth, and continuity. mapped the availability of ground water on the basis OlNowack?, Mike Yarling, Gregg Lemasters, and James include the many lakes of northeastern Indiana, the sand
ields from “properly sized and developed” wells in Haris from the Indiana Department of Environmental dunes along Lake Michigan, and peat bogs (Schneider,

; ight ground-water provinces of Indiana. Gray (1973jManagement; John Simpson, Thomas Bruslliam 1966, p. 40-42). Principal moraines and the extent of
n n I f ms &i¥ ; P : P
gereugsi(e)?];?sl::a?:rs‘f'i?sdrig?oﬁ;?;\?;ﬁjggg;ecraiytsrfgn Eglapped the general location and described “the ~ Steen, John ClafkJohn Bamnhaft Michael Sadl, and  glaciation in Indiana are shown in figure 3.

oS : principal resource units in ground-water production” Sally Letsinge.?f.rc_)m the Indiana Department of Natural , — P
used as a base for site-specific studiéise sections for Indiana. Clark (1980, p. 33) updated the ground- Resources, Division of Water; and Norman Hester, Ned The Tipton Till Plain, or Central Drift Plain, is a

and maps, however, do not replace site-specific T ' . . A . : :
p p p water availability map of Bechert and Heckard using Bleuer, Anthony Fleming, Eric Kwale, John Rupp, and nearly flat glacial till plain covering central Indiana

hydrogeologic data The well logs used to plot ial vi i i enry Grag from the Indiana Department of Natural ~ (fig- 2). This area of about 12,000 underlain by
sections were obtained from a 2 mile-wide path that Ze“‘\r/;:gpt)aogirglrilbﬁg:g (;ﬁ;i?nﬁzfns;ir:jézv\?vﬁ ghe\é:r? f)go@esxrcej Geological Survey. P thick till and has been slightly eroded by postglacial

bounded the traces of the sections. Thus, the data tod f | tructed | di i _ . streams. Most of the boundary between the Till Plain
shown at a given location might not represent site- eX|c|)|ec €d from a Eroge”r 3;].0?(”5 ruc ? h arge- f|ar11e er The authors also wish to thank David Sperry andand the southern physiographic units coincides with the
specific hydrogeology. well penetrating the full thickness of the aquifer. David Zetzl for providing the technical support to maximum extent of Wisconsinan glaciation, except in

Geosciences Research Associates, Inc. (1982) mappgfqce or help produce virtually every illustration in ' ' '
A glossary of hydrogeologic terms used herein ighe structure and contour of the major bedrock hydro-?hiS atlas. PP yevery ﬁsorle(t)rr]tias;?rrlg I\r/]\;:i“s?:rc];gr:];r:eg}giiglhg;lj%%:\lr@hIgrﬁgl{sr:)%?g

at the end of this report. Bedrock geologic names in stratigraphic units in Indiana on the basis of geologic eastern Indiana boundary was arbitrarily drawn along the

this report follow the nomenclature of Shaver and  age and formation. The USGS (1985, p. 207) mapped » . ..
others (1986). the principal aquifers of Indiana as glaciofluvial, PHYSICAL SETTING OF INDIANA edge of a broad transitional zone of thin glait that

; . does not obscure the bedrock physiography (Schneider,
glacialoutwash sand and gravel lensegtiih of The phvsical setting of Indi hich includes1966, p. 40, 49)
Wisconsinan age, carbonate rocks of Mississippian € physical setling ot indiana, which Includes P45, 49).

age, and carbonate rocks of Silurian and Devonian aigstﬁggﬁg%gr:\?;ﬁé“ga;% daggvgi?lor%)&nzo\?vt;?(lasr the
The ground-water resources of Indiana have ~ (1:5,000,000 scale); however, a large area of south- ’ ’ g '

been studied by many authors since the early 1900's western and south-central Indiana was mapped as

The hydrogeologic sections and areal maps car

Previous Studies ) ) ] )
Seven physiographic units composed of different

bedrock types comprise 15,50C%rni the southern one-
third of the State (fig. 2). The bedrock is primarily

Harrell (1935) described the general physiographic ~being without a principal aquifer. Physiography sandstone, shale, siltstone, limestone, and dolomite. The
features, hydrology, geology, and ground-water Indiana has been divided into 13 major physio- physiographic units generally trend north-northwest
resources of each county in the State. Bechert and The Indiana Department of Natural Resources igraphic units (fig. 2) on the basis of similarities in topo- following the strike of the bedrock. From east to west,
Heckard (1966) discussed the availability, flow, preparing water-resource availability studies for the 1yraphy and geology (Schneider, 1966, p. 41). The 13 the units are called the Dearborn Upland, the Musca-

quality, and uses of ground water in Indiana. Bloyd water-management basins in Indiana. Published units occupy 3 broad physiographic zones that trend intatuck Regional Slope, the Scottsburg Lowland, the
(1974) summarized the ground-water resources of a reports are currently (1990) available for the St. Josepsin east-west direction across the State. The zones are@man Upland, the Mitchell Plain, the Crawford
region that includes greater than 80 percent of Indian&iver, Whitewater River, and Kankakee River basins.Northern Lake and Moraine Region, the Central Drift Upland, and the Wabash Lowland (Schneider, 1966,
and provided regional estimates of hydraulic conduc- These reports include maps that show the extent of  Plain, and a southern zone dominated by bedrock p. 42-49). These southern units represent a sharply

tivity, specific yield, storageecharge, and current aquifers, compositpotentiometric surfacemaps for  |andforms. divided, alternating series of uplands and lowlands or
and projected withdrawals. Clark (1980) characterizedinconsolidated anoedrock aquifers, a discussion of ] o _plains. Large parts of the Wabash Lowland, Crawford
the availability, use, regulation, and future needs of hydrogeologic characteristics, and information on The Northern Lake and Moraine Region is subdijpjand, Mitchell Plain, and Norman Upland were not

ground water in Indiana. Geosciences Research  ground-water quality and use. This atlas differs from Vided into five lake (lacustrine) or morainal units: the  gjaciated during the Pleistocene Epoch. All seven
Associates, Inc. (1982) summarized the “potential  these studies in the method used to delineate and nafr@lumet Lacustrine Plain, the Valparaiso Morainal Areapegrock physiographic units extend further north than

yield capability” and the water quality of the major  aquifers (generic aquifer types as compared to formafthe Kankakee Outwash and Lacustrine Plain, the shown in figure 2 but were buried by glacial deposits
bedrock hydrostratigraphic units in the State. The  aquifer names for different geologic settings) and in th (Schneider, 1966, p. 54). Buried erosional surfaces of
USGS (1988, p. 245-250) described the water qualityemphasis on the vertical distribution of the aquifers a¢ these units are evident in the hydrogeologic sections
of the principal aquifers of Indiana. The USGS is shown in many detailed hydrogeologic sections. 2Person is no longer employed with the agency. presented later in this report.
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The distribution of bedrock types and erosional two basins is about 10 to 30 ft/mi, although the dip can
characteristics determines the topography of the bedrodke less than 5 ft/mi at the top of the arches. Rocks of
which affects the thickness of unconsolidated deposits.Ordovician, Silurian, Devonian, and Mississippian age
Thick glacial sediments are present beneath moraines crop out or are present as subcrops in both of the deposi-
and in buried bedrock valleys. In the southern one-thiréional basins, whereas rocks of Pennsylvanian age are
of the State, unconsolidated deposits are thin and discgtesent in Indiana only in the lllinois Basin. The older
tinuous, especially beyond the maximum extent of glacincks are typically present on the crest of the arch; the
ation. The distribution, thickness, and hydraulic con-  progressively younger rocks are present in each of the
ductivity of these unconsolidated deposits control the - hagjns, Individual beds in many formations are thin at
near-surface occurrence and flow of ground water  he crest, but they thicken along the flanks and into the

(Krothe and Kempton, 1988, p. 129). basins (Gutschick, 1966, p. 7-12). A geologic chart
including age, group or stage, selected formations, and
Climate hydrogeologically important members or marker beds in

Indiana is shown in figure 5.
Climate in Indiana is temperate with warm . .
summers, cold winters, and no distinguishable wet or d Rocks of the Precambrian crystalline basement
seasons. Precipitation is well-distributed throughout th&®MPlex are found at estimated depths of 3,000 to
year, although precipitation is somewhat greater during®-000 ftin the northeastern two-thirds of Indiana and
March through July because of increased frequency arf000 to 14,000 ft in the southwestern one-third (Rupp,
intensity of showers and thunderstorms. The average 1991). Overlying the Precambrian bedrock is a Cam-
length of the growing season, or freeze-free period,  brian section of sandstone with lesser amounts of
ranges from 173 days in northeastern Indiana to 199 dag#fstone, and shale that is approximately 1,000 ft thick in
in southwestern Indiana (National Oceanic and eastern Indiana to 3,000 ft thick in northwestern Indiana.
Atmospheric Administration, 1988). The Cambrian rock composes about one-third of the
) ] ] ] Paleozoic section in Indiana (Shaver and others, 1986,
The interaction of tropical and polar air masses 1, 119). Overlying the Cambrian rock is 20 to 4,500 ft of

over Indiana normally results in abundant precipitation;| ower Ordovician dolomite (Shaver and others, 1986
however, temperature and precipitation vary consid- ’ '

) ]p 70). The dolomite thickens toward the southwestern
erably from year to year depending on the frequency o b

X X art of the State. The Lower Ordovician dolomite is
Zttorms r;nd_ frzr&tal_ p_afszi_ges ggg;)nil Oceanic and | unconformably overlain by 50 to more than 450 ft of
mospheric Administration, . Average annual B : )
precipitation in Indiana ranges from 44 inches in the Si%ligrr?ge'ejlgij\?greagg%f& r;gstf;Seeof M:)jdle Ordo
south to 36 inches in the northeast; average annual 9 ' +P-2).
snowfall ranges from 10 inches in the south to 40 inches Late Ordovician shale and limestone is exposed at

in northern Indiana. Average annual temperature rangafie bedrock surface over large areas in southeastern

from 50 F in the north to 56 in the southwest. |ndiana(fig. 6). The shale and limestone range in
Monthly evapotranspiration can be as much as 8 inchegjcikness from approximately 500 ft in novtstern
in southern Indiana in July (National Oceanic and Indiana to 1,500 ft in southeastern Indiana (Shaver

Atmospheric Administration, 1988; Schaal, 1966;

X hers, 1 . The shal li
Visher. 1944, p. 450-461). and others, 1986) e shale and limestone are

unconformably overlain by Silurian limestone and
dolomite. The Silurian rocks are present as subcrops
Geology or outcrops in east-central to northwestern Indiana
(fig. 6), primarily along the axis of the Cincinnati

The regional structural features of Indiana bed- Arch and the Kankakee Arch (fig. 4). The Silurian
rock include the lllinois Basin, the Michigan Basin, and rocks generally range from 200 to 600 ft in thickness,
the Cincinnati Arch (fig. 4). The two basins formthe except in the southeastern part of the State, where
flanks of a saddle-like structure composed of the Cin- they were completely eroded. Large areas of car-
cinnati Arch and its branches, the Kankakee Arch and bonate platform and reef banks are present in these
the Findlay Arch (in Ohio). The dip of the rocks into thecarbonate rocks along the flanks of the arches.

6 Hydrogeologic Atlas of Aquifers in Indiana

MICHIGAN

@% 8ASTN

ILLINOIS

BASIN

Base from U.S. Geological Survey
State Base Map, 1:500,000, 1974

Figure 4. Regional structural features in Indiana.




"(986T ‘SI8YI0 pue JaARYS W04} Saweu
2160j0ah) slaqwialw pue suoilew.o) palda|as pue ‘dnoib ‘abe 2160j0ab Buimoys Leyd 2160j089) G ainbi4

7

36D 2102042)04d4 3|PPIN JO 9SONJD PUD *}|OSDQ '9}1uDIb sapNn|dU|— —x3|dwW o) Juswasog z<_m_umh_<n‘_<o
3U0)SPUDS UOWIS "IN
uo1DWJIO04 3410|) ND3J W
2U0}SPUDS 3||IAS3|D9 dnosy Buisiunpy awu
3uU0}SpuUDS UDJUOJ | ’ 2
UOI}DWJIO04 DIUOJUDIY W
dnoubiadng
xouy
3U0)SpUDS 18)3d IS 3)1woj0Q wiysoop dnou9 190Uy mw
dnoug iaa1y %o0|g M
<
(oupipu| UI3}SDaYINOG) duoIsawI] uojbuixan 2u0)SawWIT Uojudl] o
>
uoIowWIo4 9doy z
oupipu |
uo1}DWJI04 040Qs||IQ UJ31808YINOS dnoug pjayonbop
UOIIDWIO4 JBJOMIAYIYM
auo}sawin p|31yssoug 3U0)S3aWIT Y334 UOXIS
\&9
o)
€3 w
uOI10WI04 }204010D) w.w. 2 0
w:Eo_M_n__u%m_c%M”_%__Nsw ouDIpuy | 3)1W0]0Q 31UOWD|0G ouoIpu | ﬁ,Wr. 4 =
2 2
suoisowrt sipasnal 0 WRNNOS | slous voipion 2 wiswoen | 28 o 3
. e W.AJ o =
aq £
35
o
J3QUWIap 9|0YS DMIUISSISSIN uOI}DWJIO4 YSOqom =~
J3QWIB 3}1WOj0Q DASUIY [DUDIPU| UISYINOS) UOIIDWIOH 3||IAUOSID} SN dnoug #on103095 NN
(ouoipuj UIBYJJON) UOIOWIO 3SIBADI] NVIN
3|oyg wly -0A30
3I0ys ylJoMs|I3
ajoys Auoqy szV DUDIPU| WIAYINOS ajoys Aunqung Aluo ouoIpu| UIaYJJON
3|0yg J3j0Mp|0)
2UO0}SaWIT PIOYRI0Y
3|0YS dOUIPIAOIH MBN
uoIDWI04 qouy }13d1dg dnoug uspiog
uOIIDWJO04 B||IASPIOMP]
dnoug siapuosg ES
o
au0)sawi] SN0 "I %
3u0}SawWIT aA3IABUIY ‘3] dnoug uaay anig (%)
auo)sawi 11004 3
>
dnoug uapog Isam z
auo0)sawi %8a4) ysaag
uonowioy bﬁo big
2uo}sswI7 ASUDH dnous9 juodsuaydag
uo1}owJo4 bungqsuipioH
3uo0}satuI] ubag ualy
uolnowJoq sbundsg uop dnoiy mojjop ojoyyng
uUOI]OWJIO4 PI91JSUDW
JAaqQWap |00) 3||1A0|DyNg
JaqWaN |DO) ¥20|g JamO] uoI}owWJ04 1Zoag | dnouH %981) UOOIIDY
Jaquwap |00) yd0|g s2ddn
(111 100)) Jaquiap [00) 3[1A|a8g uo1}DWJI04 UOjUNDIS
J9QWa SUO)ISPUDS J[|IAX0)
(A1100)) J3qap |00) juDAINg uonowioj uojun
hY)
(A 100D) Jaquap 00D piayburidg uoljowJo4 bingsiayag dnoug ajopuoquo) M_
z
7}
(1A 100)) Jaquiap |00) DI WAH u
J3QWIA dUO}SPUDS YI0Y [IAUY uonowaoq 436bng uAv
(11A 190)) 43qwis\ |00) 3||1AuDQ z
>
z
J3qwap 2uUO0)SPUDS UOJIASSNG
J9QWIBW 2UO}SIWIT UINUDLY |SIM uoljowJoy wINQId3ys
Jaqwap auo)spuos piayaibu | uoI}0WJ04 D)0)0g
dnougy 010qsSuD3aON
J3QWaN 2UO)ISPUDS |9PUIM IS uoDWIO04 puog
J9QWIN PUOJSPUDS WO uOI|DWJO0J UOO}}DW
b o
uonowJog dnssap [ uouisuodsim-ald| a c
a =
uonowiog 106j0j0I] a 2
H ®
uo13OWI0y 01607 UOI]OWJIO4 UCIPIM UDUISUODSIM 3 W
2U3d0|0H w
SJaqWap Pa}oa|as SUOIIDWIO04 Pa)I3|3S dnoug 40 salag o_om%_mvuo

Physical Setting of Indiana



The Silurian carbonate rocks are unconform- than 400 ft of glacial debris during the Quaternary receded and built the Valparaiso Moraine (fig. 3) andadequate ground-water resources for purposes other

ably overlain by Devonian dolomite and limestone Period (Gray, 1983). a large outwash fan south of the moraine. The Erie than domestic (Clark, 1980, p. 34).
(fig. 6), which attain thicknesses of 250 ft toward the Lobe crossed into northeastern Indiana and formed . _ )
centers of the lllinois Basin and the Michigan Basin The earliest widespread evidence of conti-  the Union City Moraine and a series of concentric The productivity of different types of aquifers

(fig. 4). The carbonate rock sequence is overlain ~nental glaciation in Indiana was from glaciers of premoraines to the northeast of the Union City Moraine@n differ greatly depending on certain fundamental
primarily by shales and siltstones of Late Devonian lllinoian and lllinoian Age. They extended through (fig. 3). The ice lobe primarily deposited a clay-rich cha_ract_erlstlcs. _(_)ne fundamental pharacterlstlt_: of an
and Early Mississippian age. These shales and  the northern three-quarters of Indiana (fig. 3; Wayneiill of the Lagro Formation between the moraines ~ duifer is the ability to store water in pores. This

siltstones are present as subcrops in the Michigan 1966, p. 33). These pre-Wisconsinan glaciers (Gray, 1989). porosity can be in the form of intergranular spaces as
Basin in the northeastern part of the State (fig. 6) andeposited at least eight till units in Indiana that in sand and gravel; fractures and solution openings as
attain thicknesses of 800 ft in places. They also arecomprise approximately 75 percent of the glacial Since the recession of the glaciers from Indianan carbonate_ rocks; or intergranular spaces and
present as subcrops or outcrops along the south-  deposits in the Tipton Till Plain (A.J. Fleming, about 8,000 years ago, deposition has been minor. fractures as in sandstones (Todd, 1980, p. 37-39). As

western flank of the Cincinnati and Kankakee Archedndiana Geological Survey, 1990, written commun.) The principal postglacial change was the redistri- ~unconsolidated sediment turns to stone, or becomes
in the south-central part of the State (fig. 6), where The only known pre-Wisconsinan deposits exposed bution of sand and silt of the glacial flood plains intolithified, the original porosity of the sediment is
they range from 500 to 1,000 ft in thickness. Lime- at the surface are found over large areas south of theindblown dune and loess deposits. Muck, peat, angeduced by cementation, compaction, and pressure

stone of Middle Mississippian age overlies the shale¥Visconsinan glacial boundary (fig. 3). These marl formed in swampy areas aaitlivial deposits ~ solution (Davis, 1988, p. 325). Therefore, lithology

and siltstones southwest of the arches. The area deposits are composed of a sandy loam till of the formed along the modern rivers (Wayne, 1966, Is an |mp_ortant control on aquifer productivity, _

where the limestone is exposed at the bedrock surfadessup Formation and deposits in proglacial lakes arfl 37). because it affects primary and secondary porosity and

trends northwest through the south-central part of theutwash plains in southwestern Indiana (Gray, 1989). hydraulic conductivity. Different types of openings

State. The Mississippian limestone ranges from 200-oesswas deposited downwind (east) of the valleys Or pore spaces In geologic material are ShOW_ﬂ n

to more than 1,000 ft in thickness; the thicker of the Wabash and Ohio Rivers. Hydrogeology and Ground-Water Flow figure 9. Openings that formed at the same time as
the rock, such as pores in sedimentary deposits, are

deposits are in the southwestern corner of Indiana _ _ _ ) ) )
toward the center of the lllinois basin. There were several glacial advances in Indiana  |n northern Indiana, large areas of sand and ~ c@lled primary openings (fig. 9a). Pores that formed

during Wisconsinan time by three different ice lobesgravel deposits in outwash plains and valley trains argfter the rock is formed are called secondary open-
The limestone is overlain in the southwestern (fig. 8). The furthest advance in the State was by thgapable of yielding as much as 2,000 gal/min of NS (fig. 9b and 9c). The diameter of pores in sedi-
one-third of Indiana by rocks of Early Mississippian Erie Lobe, which covered the northern two-thirds of ground water. In addition, large yields (as much as Mmentary deposits can range from a few micrometers
age and Middle and Late Pennsylvanian age (fig. 6)Indiana. The ice, which formed the Shelbyville several hundred gallons per minute) are available ' clays to more than a centimeter in coarse gravel
The rocks are composed of sandstone, shale, and thiforaine in southeastern Indiana, was followed by  from productive Silurian and Devonian carbonate ~ (Heath, 1988, p. 15) to the size of caves in carbonate
but extensive beds of limestone, clay and coal. Theanother advance of the ice that formed the Craw-  pedrock aquifers that underlie much of the area. ~ fOCKS. An aquifer must be able to transmit water
beds of clay and coal are generally found above a fordsville Moraine (fig. 3). The two advances were through such openings. This characteristic, called
major unconformity between the Mississippian and from a northeastern source of ice and deposited till Significant ground-water resources are found hydraulic conductivity, is dependent on the intercon-
Pennsylvanian rocks. These rocks range from 1,00&nown as the Trafalgar Formation over large areas dh central Indiana along the valleys of the major ~ nected porosity of the material, the type of liquid, and
to 2,000 ft in thickness. central Indiana (Gray, 1989). As the ice receded, it rivers and streams (fig. 1). Intertill sand and gravel the magnitude of the gravitational field (Lohman and
left large amounts of sand and gravel in the form of aquifers are present locally in the till plain throughoutothers, 1972, p. 4). The hydraulic conductivity of an
There was little known deposition in Indiana  valley train, kames, and eskers (Wayne, 1966, p. 36)ost of central Indiana. The Silurian and Devonian aquifer increases as grain size and the degree of

between the end of the Pennsylvanian Period and the carbonate bedrock is a commonly used aquifer in ~ sorting increase. Hydraulic conductivity is also

beginning of the Quaternary Period. During this The next major Wisconsinan advance involvedcentral Indiana. usually greater in aquifers that have been enhanced
time, the land surface was mostly an erosional surfadéree ice lobes that competed for space in the north- by secondary porosity, such as fracturing. Finally, to
that consisted of northwest-trending limestone plainsgrn one-third of Indiana. The Saginaw and Erie In the southern one-third of Indiana, major  be productive, an aquifer requires a source of water

shale lowlands, and sandstone uplands (Wayne, 19660bes (fig. 8) advanced across north-central Indianaunconsolidated sources of ground water are limited terom precipitation or from adjacent geologic mate-
p. 27). Rivers were entrenched in the bedrock; the and formed the Packerton Moraine (fig. 3). The the valleys of the Wabash, White, Whitewater, and rials. Only 8 to 16 percent of the precipitation in
main preglacial river valley in north-central Indiana Saginaw Lobe left behind a complex suite of deposit©hio River systems (fig. 1). Mississippian, Devo- Indiana, or about 3 to 8 inches per year, infiltrates
was the Lafayette Bedrock Valley System (Bleuer, of till, ice-contact stratified drift, and outwash (Gray, nian, and Silurian bedrock are sources of ground into the ground-water system. Most of the precipi-
1989), also known as the Teays valley, which drained989) and formed most of the lakes in Indiana water in south-central and southeastern Indiana.  tation is lost through evapotranspiration, and some
most of the northern one-half of the State (fig. 7). (Wayne, 1966, p. 36). The Lake Michigan Lobe  Pennsylvanian sandstones are typically the most  runs off the land into surface waters (Bechert and
The preglacial topography of most of the northern (fig. 8) flowed out of the basin of Lake Michigan and productive bedrock units in southwestern Indiana. Heckard, 1966, p. 100). Components of the hydro-
two-thirds of the State was buried beneath 50 to morormed the Maxinkuckee Moraine (fig. 3). The lobe Many areas in the southern one-third of the State laclogic cycle are shown in figure 10.
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Figure 7. Location of buried bedrock valleys associated with the Lafayette
Bedrock System in northern Indiana (modified from Bleuer, 1989).
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50 MILES

" ' 50 KILOMETERS
EXPLANATION

~— ~— MORAINE

, GENERAL DIRECTION OF ICE FLOW

Figure 8. Primary glacial lobes and their principal directions of flow in Indiana
during the Wisconsinan Age (modified from Wright and Frey, 1965).



Agquifers 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 flood-
plain 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 river-
channel deposits, but recharge to the buried aquifers
can be restricted by overlying sediments. In addition,
buried sand and gravel deposits in till and preglacial
valleys can be discontinuous and difficult to trace
because of their complex depositional environments
(Rosenshein, 1988, p. 167). Therefore, these buried
deposits typically are less productive than the surficial
deposits. The most productive carbonate rock aquifers
contain large areas of solution openings along vertical
joints and bedding planes as shown in figure 9.
Similarly, sandstone aquifers are most productive
where heavily jointed or fractured along bedding
planes or where intergranular spaces have not been
completely filled by cementing materials. Many
sedimentary rocks—such as limestone, shale, and
sandstone—have more vertical joints near the ground
surface than at depth. This distribution of joints in the
upper weathered zone tends to increase hydraulic
conductivity locally by at least an order of magnitude.
The hydraulic conductivity of most fractured rocks
decreases rapidly with depth (Davis, 1988, p. 324).
Coals can function as aquifers where fractures or cleats
are well developed, resulting in increased hydraulic
conductivity. Shales typically are not considered to be
aquifers, because fractures in shale tend to be small
and closely spaced, causing the hydraulic conductivity
of the shale to be less than for most other rocks (Heath,
1984, p. 13; Todd, 1980, p. 38-41); however, in some
cases, bedding-plane partings can create rather large
horizontal hydraulic conductivities in shale.

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

4 < H
bl | -

] |
1
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).

figure 10. Ground-water recharge is from precipi-
tation, stream infiltration, infiltration from runoff and
overland flow, and flow from adjoining aquifers.
Ground-water discharge is by flow into surface water,
evapotranspiration, and flow into adjoining aquifers.
Local ground-water flow in shallow unconsolidated
aquifers tends to be nearly horizontal, reflecting the
surface topography, whereas regional flow patterns
can range from simple (as in figure 10) to complex
depending on the hydrologic properties of the aquifer.
The direction of ground-water flow is determined by
the potentiometric surface, an imaginary surface repre-
senting the hydraulic head distribution in an aquifer.
The hydraulic head is the level that water will rise in a
properly constructed well open to an aquifer. Ground
water flows from areas of high head to areas of low
head. Hydraulic head consists of two separate compo-
nents: head due to elevation and head due to pressure.
If elevation were the only component, then all ground
water would simply flow from areas of high elevation
to areas of low elevation (that is, downhill). Pressure
head, however, is created by the weight of overlying
water on a water particle. This pressure can create an
upward component in the ground-water flow regime.
Upward pressure is common near large rivers that
function as regional ground-water discharge areas.

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 uncon-
fined 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 atmo-
spheric pressure. The water is confined by overlying
rocks and sediment that are substantially less perme-
able 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 water as water is
pumped from the aquifer. Some aquifers are under
enough pressure to raise the potentiometric surface

above the land surface; these wells are said to be
“flowing” or “flowing artesian.”

The direction of local ground-water flow can be
opposite from the direction of regional 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 approxi-
mately 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 of precipitation, equals 1,960 Bgal/yr.
Therefore, 1991 withdrawals (204 Bgal) were approxi-
mately 10 percent of annual recharge. Nearly
4,000 Bgal of water is stored in the outwash and
alluvial aquifers of the White River and East Fork
White River; estimated recharge to these aquifers is
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
registered facilities to withdraw ground water from
each basin. The withdrawal rates in table 1 reflect the
demand for ground water, the availability of ground
water, and the size and population of the basin.

Physical Setting of Indiana 11
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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 surface-
water 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 water-
management basin is not the same as the drainage area
of the major river in the basin. These discrepancies are
addressed in the individual discussions of each of the
12 basins.

Construction of Hydrogeologic Sections

Five to thirteen hydrogeologic sections were
drawn for each basin to show the generalized hydro-
stratigraphy. 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 hole, a driller
is required by the State to file a form that lists infor-
mation on lithology, water level, pumping rates, and
other selected information on the well construction.
All wells other than water-supply wells are labeled
with a “t” on the hydrogeologic sections to indicate
that they are test wells; dry water-supply wells or holes



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
[Withdrawal and pumping-capability data are from Indiana Department of Natural Resources, 1993, written 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 vallegeology is unknown are indicated by question marks.
and does not reflect the actual relief along the section

line. The hydrogeologic sections are generally drawn

Basin Withdrawal Pumping capability to a depth of 300 ft below the land surface or at least COnstruction of Aquifer Maps
50 ft below the bedrock surface, whichever is greater. ; L
i ’ : The m howing lateral extent an ntinui
Daily Annual (Mgal/d) Only a small percentage of the water wells in the Statg = . € Maps s ob 9 date a te te tt ?. d co fEch uity
(Mgal) (Mgal) are greater than 300 ft deep. Therefore, relatively Iittl%yt‘;l?ougI ee élgygegssgéz or?sseonopnr ;_r\]/ice)[jpsrlfx Sulgﬂzh% d €
White River 104. 37,800 524 information ?t grte atetr gepttr?s IS avtalla:EIe. gggt][‘t‘?f' surficial and bedrock geology maps, and on infor-
More, Use ot water at depths grearer than 'S mation available from i dies of basin hydro-
St. Joseph River 87.1 31,800 607 imi ; o . previous studies ot basin hydro
. P | limited by low yields and salinity (W.J. Steen, Depart geology. The “Quaternary Geologic Map of Indiana’
Middle Wabash River 84.7 30,900 366 ment of Natural Resources, 1990, written commun.;

Indiana Department of Environmental Management, (Gr%y, 1389) Wells usid totﬂr?w many OI-the Zut;ﬂiﬁl
Upper Wabash River 748 27.300 518 1990, p. 223). sand and gravel aquifers that were confirmed by the

hydrogeologic sections. Bedrock geologic maps (Gray

Ohio River 5.9 20,400 263 _ o _and others, 1987; Geosciences Research Associates,
Kankakee River _— 20,200 574 _ Aquifer types depicted in the hydrogeologic  |nc., 1982; Gray, 1982) were used to indicate the extent
sections are sand and gravel, carbonate rock, sandstogepedrock aquifers and the approximate boundaries
East Fork White River 392 14,300 254 an upper weathered zone in low permeability rock, angyhere aquifers were buried by more than 300 ft of
Lake Michigan 19.4 7,090 96.4 interbedded bedrock material. Most bedrock was — material.
depicted as aquifer only where it is known to produce
Lower Wabash River 17.5 6,390 206 water. (This information is available from drillers’ logs The lithostratigraphic approach used in this
Whitewater River 115 4.200 53.6 and prgvious studies.) I_f the bedrock forma}tio_ns are stuo!y to define hydrogeologic settings resulted in.seven
_ potentially water producing, then the material is aquifer types. Sand and gravel deposits are designated
Maumee River 9.34 3,410 81.6 mapped asaquifer—potential unknown.” Much of  as surficial, buried, or discontinuous on the aquifer
Patoka River 086 315 0.3 the complexly interbedded bedrock of Mississippian  maps. Surficial aquifer indicates that the aquifer is
and Pennsylvanian age, the weathered zones, and soowwered by less than 10 ft of nonaquifer material.
TOTAL 559 204,000 3,540

of the Silurian and Devonian carbonate rock was Buried aquifer indicates that the sand and gravel is
mapped as “aquifer—potential unknown” because of covered by 10 ft or more of nonaquifer material and
are labeled with a “d” on the sections. A few wells in Water levels shown on wells in the cross sections low dyle![q§,dryf rt]r? les, otr I|_tt||e I;TOWIetdgl'Ftﬁb%qlt the %hat the delpo?ns are cong_nuou? in at least _cf)ne direction
each basin represent the combined lithologic data fromepresent the hydraulic head in the aquifer in which th@roductivity of the material. Almost all the Silurian  for several miles or mor&iscontinuous aquites

shallow water-supply well logs and nearby deep test- well is completed. Some of the water levels are and Devonian carbonate rock within 300 ft of land  refer to lenses of sand and gravel that are not laterally
hole logs. These combined wells are labeled as test connected to represent the generalized potentiometricc'urface was dep|cteq as aquifer even if no S|te—'speC|f|exten'S|ve (dlscontlnupus aquifers are typical of
wells on the hvdrogeolodic sections surface in an aquifer that is being tapped by a group dpformatlon was available to confirm its productivity. morainal areas). Buried bedrock valleys were mapped
ydrog 9 ' wells along the section. Water levels were not ‘Aquifer” and “aquifer—potential unknown” are where productive aquifers are within them. The three
indicated for all of the Wells because they were not colored on the hydrogeologic sections, whereas unconsolidated aquifer types are shown as sand and

In the first five basins for which hydrogeologic
sections were completed (Lake Michigan, St. Joseph
Maumee, Upper Wabash, and Lower Wabash), all

bedrocknonaquifer material and areas of unknown  gravel on the hydrogeologic sections. Carbonate rock
v(v;r?ologic material are not colored. In some sections, (limestone and dolostone); sandstone; complexly inter-
part of a formation is denoted as aquifer, but the rest isedded sandstone, shale, siltstone, limestone, and coal;

available from all drillers’ logs. The locations of all
"hydrogeologic sections presented in the atlas are sho
in figure 11. The number of section lines, length of

sec_tions were oriented r_oughl)_/ perpendicglar to thg section lines, and number of wells plotted for each den_oted as “a_quifer—pp_tential ur]known” or non- and an upper weather_ed zone in Iow—permeability rock
major surface-water drainage in each basin to depict . ; . aquifer—that is, a specific formation need not be are shown on the sections and on the aquifer maps. All
ground-water discharge to surface water. The section are listed in table 2. hydrogeologically uniform throughout its extent. of the complexly interbedded material shown on the
remaining seven basins included one or more sections Unconsolidated material was grouped into two broad sections is shown on the map as “aquifer—potential
perpendicular to the other sections in the basin. For The surface elevation shown on the hydrogeo- hydraulic categories: (1) sediments that have a unknown” because of the uncertainty in mapping the

convenience, most hydrogeologic section lines run  logic sections reflects the land surface at the well andrelatively high hydraulic conductivity, such as sand andvater-producing zones on a regional scale. Areas
south to north or west to east. Logs of wells located does not necessarily portray the true topographic religfravel; and (2) sediments that have a relatively low typically devoid of formations capable of producing
within 1 mi of a hydrogeologic-section line were along the section line. For example, all the wells in a hydraulic conductivity, such as clay, silt, or mixed drift. yields sufficient for domestic purposes are indicated as
plotted at a density of one to three wells per mile. certain area might be located in a stream valley; no Many of the sand and gravel deposits are aquifers, nonaquifer material on the maps.

Methods of Study 13



‘suiseq juswabeuew-1ayem ZT ay1 Ul suondas 2160j08604pAY Jo uonedoT T ainbig

7/6T ‘000'00G:T ‘deN aseg areis

038
KanIns [ed160j099 'S'N Woly aseq
.\ /l o F O«u

{

&

s
Q-
s_
9_
)

321-321 Q

~
N

{

N\ g S M
~ L) 2
\ m ..ﬂv.. \L &NTVSL
AYVONNOB NISVE- INBNGOVNVIN-23IWM  — == —— J 3 by 7 N~
\ 3 § ~ T -1
NIIINIQ NOLLDIS ANV [ g g w3l ]
NOLLD3S IDOTOI00HAAH 40 WM. 5= — /| o e § Py,
H\I\ Wv @PF-.J m .-\l\-. m - N
=~ e L™
NOWVNYIXS g e, 7 o A
) A J ]~
o’ — 8 8 & ##
R O\ ) 1 )
2 ¢
J s L
Ny nai-net I 5696 y .98-98
|A \ I /
v m j & uojbuugolg )\ ]
\ & \ 8 ; “Tpa |
,./ i b 8 7...\|/..\N HE—HE J He=He \
D : ’ =
N A A Sz )
80i-601 o .
) sy _@ FThop auss)
- 0I=201 Hé-HE i 1818 ¥.09-09 O
; ) ! 7
S s \.v wm ansoousaxyf
.mo.-nj m i 2 o 7 .09-09
W m_oawmco_ncn_u . \(\
DO T T - - re-re ¢ .39-39
o) g 301301 k 616 )\ﬁ
8 613,/ 8
| - Lo.ds\r\J\G: ® g 2 39-59 | ov
O — ) ]
~- %8 8 2
: E-8 99-99
- fq.o_ms\‘
—. ]
g ! ~U- .~ o HI-H9
: R
2
4 519
~X { v
) 4 .-‘ll
l.4 _/ ! Aﬂ A .Tf
T od ¢ s s ¢ M
g 8
I R
A1 B I
R 3
84D 5
'
8| =
5|4 ,_..w\J.fJ-.\m/__&\ o
3 1 S 2 s
e ) :
ﬁ\ -~ N S N N, E~
A T kR
s 0 8 M
B
¢ AW uobrgoy 07
| | a |
oS8 98 o8

14  Hydrogeologic Atlas of Aquifers in Indiana



Table 2. Summary of basin areas and hydrogeologic section characteristics Many of the hydrogeologic sections contain Department of Natural Resources, Geological

[mi2, square milk logs of wells that were not drilled to the bedrock Survey, EGSP Series 801, scale 1:500,000.
surface. In these areas, the topography of the 1980, Map of Indiana showing structure on top of
bedrock surface was transferred from the “Map of the Maguoketa Group (Ordovician): Indiana

Length of Total Indiana Showing the Topography of the Bedrock Department of Natural Resources, Geological
Basin (Arr_e% s’:lé?oielri :;S stzctlonl Iln)es numbI(Ier of NIlImeer ofl Surface” (Gray, 1982). In these same areas, the Survey, METC/EGSP Series 812, scale 1:500,000.
mi In miles wells wells per mile r k | n h r r | r h W m
o bgd ock geology @ d“ ydrostratigrap y was appe%echert, C.H., and Heckard, J.M., 1966, Ground water,
Lake Michigan 604 9 108 212 2.0 with reference to the “Bedrock Geologic Map of Lindsey, A.A., ed, Natural features of Indiana:
Indiana” (Gray and others, 1987), the “Hydrogeo- N, . ’
i . . S Indianapolis, Indiana Academy of Science, p. 100-
St. Joseph River 1,699 ! 148 213 14 logic Atlas of Indiana” (Geosciences Research 115. P y P
Kankakee River 2,989 9 339 490 1.4 Associates, Inc., 1982), structural maps of the base

and top of the New Albany Shale in Indiana (Basset?'euer’ N.K., 1989, Historical and geomorphic concepts
and Hasenmueller, 1979a; 1979b), structural maps of of the Lafayette Bedrock Valley System (so-called
Upper Wabash River 6,918 10 594 833 1.4 the top of the Ordovician, Silurian, and sub-Pennsyl- ~ 1€ys Valley)in Indiana: Indiana Department of
vanian surfaces in Indiana (Bassett and Hasen- Natural Resources, Geological Survey Special

Maumee River 1,283 5 244 305 1.3

Middle Wabash River 3,453 9 347 470 14 Report 46. 11 p.
_ mueller, 1980; Hasenmueller and Bassett, 1980; P P
Lower Wabash River 1,339 9 145 193 13 Keller, 1990), and other sources. Bloyd, R.M., Jr., 1974, Summary appraisals of the
White River 5.603 1 409 354 0.9 ) Nation’s grOL_Jnd-water resource_s—Ohio region:
Water levels shown on the hydrogeologic U.S. Geological Survey Professional Paper 813-A,

East Fork White River 5,746 10 499 616 1.2 sections were measured at different times by different 41 p.

, , drillers in aquifers that are not necessarily hydrologi-, . . . .
Whitewater River 1,425 6 189 226 12 d y ny 9 Bugliosi, E.F., 1990, Plan of study for the Ohio-Indiana

cally connected. Water levels may also be a com-
Patoka River 862 6 99 98 10 posite head from several aquifers or stratigraphic
intervals, especially in uncased bedrock wells.

carbonate-bedrock and glacial aquifer system: U.S.
Geological Survey Open-File Report 90-151, 25 p.

Ohio River 4,224 13 375 214 0.6 .
Casey, C.D., 1992, Hydrogeology of the basal confining
TOTAL 36,145 104 3,496 4,225 1.2 The aquifer map may not reflect the actual unit of the carbonate aquifer system in the
Istatewide average lateral extent and_bou_ndaries of the aqu_ifer types. midwestern basins and arches region of Indiana,
Because the section lines are 6 to 20 mi apart, the Ohio, Michigan, and lllinois: U.S. Geological
continuity of areas between the hydrogeologic Survey Open-File Report 92-489.
set;tion lines was ext'rapolated from the sections Clark, G.D.. ed., 1980, The Indiana water resource—
Limitations of the Methods quantity and quality of information on the drillers’ or inferred from published sources. availability, uses, and needs: Indianapolis,
logs. Logs were not always available at the desired Governor's Water Resources Study Commission,
In areas where large numbers of well logs werelensity of two per mile. Some hydrogeologic REFERENCES CITED Indiana Department of Natural Resources, 508 p.
available for plotting, the logs with the location sections include areas where only one well log is Davis, S.N., 1988, Sandstones and shateBack,
nearest the section line, the most complete well-  plotted in a 5-mile interval. Back, William, Rosenshein, J.S., and Seaber, P.R., eds., William, Rosenshein, J.S., and Seaber, P.R., eds.,
record information, and the deepest hole were chosen 1988, Hydrogeology: Boulder, CO., Geological Hydrogeology: Boulder, Colo., Geological Society
for the hydrogeo|ogic sections. This search for strati- The interpretation of the Well-log data on the Society of America, The Geology of North America, of America, The Geology of North America, v. O-2,
graphic and hydrologic information resulted in a biagydrogeologic sections is a simplified picture of the v. 0-2, 524 p. p. 323-332.
toward deep wells and deep aquifers in many geology on the section. Where I|tholpgles change Bassett, J.L., and Hasenmueller, N.R., 1979a, Map Freeze, R.A., and Cherry, J.A., 1979, Groundwater:
locations. over short lateral distances, such as in the unconsoli- showing structure on base of New Albany Shale Englewood Cliffs, N.J.. Prentice-Hall, Inc., 604 p.
dated glacial deposits and the Pennsylvanian rocks, (Devonian and Mississippian) and equivalent strata
The hydrogeologic sections represent the intewell logs spaced every 1/2 to 1 mi do not provide the  in Indiana: Indiana Department of Natural Geosciences Research Associates, Inc., 1982, Hydrogeo-
pretation of the well-log data by the author(s) for  needed information to depict detailed variations in Resources, Geological Survey, EGSP Series 800, logic atlas of Indiana: Bloomington, Ind., 31 pl.
each basin. The sections do not represent the only geology. In the Pennsylvanian rocks, lithologies scale 1:500,000. Gray, H.H., 1973, Properties and uses of geologic
possible explanation or representation of the hydro-were commonly lumped together to avoid over-inter- 1979b, Map showing structure on top of New materials in Indiana: Indiana Department of Natural
geology at that location. The reliability of the sec- pretation of well logs and, hence, a misleading and Albany Shale (Devonian and Mississippian) and Resources, Geological Survey Regional Geologic
tions can vary within each basin depending on the inaccurate representation of the system. equivalent strata in Indiana: State of Indiana Map Series, Supplementary Chart 1.

Methods of Study 15



1982, Map of Indiana showing topography of the Krothe, N.C., and Kempton, J.P., 1988, Central Glaciated).S. Geological Survey, 1985, National water summary

bedrock surface: Indiana Department of Natural
Resources, Geological Survey Miscellaneous Map
35, scale 1:500,000.

1983, Map of Indiana showing thickness of uncon-

Plains,in Back, William, Rosenshein, J.S., and
Seaber, P.R., eds., Hydrogeology: Boulder, CO.,
Geological Society of America, The Geology of
North America, v. O-2, p. 129-132.

solidated deposits: Indiana Department of Natural | ophman, S.W.; Bennett, R.R.; Brown, R.H.; Cooper,

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.

Gutschick, R.C., 1966, Bedrock geologyLindsey,
A.A., ed, Natural features of Indiana: Indianapolis,
Indiana Academy of Science, p. 1-20.

Harrell, Marshall, 1935, Ground water in Indiana: Indiana
Department of Conservation, Division of Geology
Publication 133, 504 p.

Hasenmueller, N.R., and Bassett, J.L., 1980, 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.

Heath, R.C., 1984, Ground-water regions of the United
States: U.S. Geological Survey Water-Supply Paper
2242, 78 p.

1988, Hydrogeologic setting of regiomsBack,
William, Rosenshein, J.S., and Seaber, P.R., eds.,

H.H., Jr.; Drescher, W.J.; Ferris, J.G.; Johnson, A.l.;
McGuinness, C.L.; Piper, A.M.; Rorabough, M.1.;
Stallman, R.W.; and Theis, C.V.; 1972, Definitions
of selected ground-water terms—revisions and

1984—hydrologic events, related water-quality
trends, and ground-water resources: U.S. Geological
Survey Water-Supply Paper 2275, 467 p.

1988, National water summary 1986—hydrologic
events and ground-water quality: U.S. Geological
Survey Water-Supply Paper 2325, 560 p.

Visher, S.S., 1944, Climate of Indiana: Bloomington,

Ind., Indiana University Publications, Science Series
13,511 p.

conceptual refinements: U.S. Geological Survey Wayne, W.J., 1966, Ice and land—a review of the Tertiary

Water-Supply Paper 1988, 21 p.

National Oceanic and Atmospheric Administration, 1988,

Climatological data—annual summary, Indiana:
Asheville N.C., v. 93, no. 13.

Rosenshein, J.S., 1988, Region 18, alluvial vallieys,

Back, William, Rosenshein, J.S., and Seaber, P.R.,
eds., Hydrogeology: Boulder, CO., Geological
Society of America, The Geology of North America,
v. 0-2, p. 165-175.

Rupp, J.A, 1991, Structure and isopach maps of the

Paleozoic rocks of Indiana: Indiana Department of
Natural Resources, Geological Survey Special
Report 48, 106 p.

Schaal, L.A., 1966, Climat@ Lindsey, A.A., ed, Natural

features of Indiana: Indianapolis, Indiana Academy
of Science, p. 156-170.

Schneider, A.F., 1966, PhysiographyLindsey, A.A.,

ed, Natural features of Indiana: Indianapolis,
Indiana Academy of Science, p. 40-56.

Hydrogeology: Boulder, CO., Geological Society of Schnoebelen, D.J., 1992, Selected hydrogeologic data for

America, The Geology of North America, v. O-2, p.
15-23.

Indiana Department of Environmental Management, 1987,

the regional carbonate bedrock and glacial aquifers
in eastern and central Indiana: U.S. Geological
Survey Open-File Report 91-517, 102 p.

Indiana ground water protection and management Shaver, R.H.: Ault, C.H.; Burger, A.M.; Carr, D.D.;

strategy: 127 p.

1990, Indiana water quality management 305(b)
report for 1988-1989: Indiana Department of
Environmental Management, Public Water Supply
Section, 297 p.

Keller, S.J., 1990, Maps of southwestern Indiana showing
geology and elevation of the sub-Pennsylvanian
surface: Indiana Department of Natural Resources,
Geological Survey Miscellaneous Map 51, scale
1:380,160.

16  Hydrogeologic Atlas of Aquifers in Indiana

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.

Todd, D.K., 1980, Groundwater hydrology: New York,

John Wiley, 539 p.

and Pleistocene history of IndiamaLindsey, A.A.,
ed, Natural features of Indiana: Indianapolis,
Indiana Academy of Science, p. 21-39.

Wright, H.E., Jr., and Frey, D.G., eds., 1965, The

Quaternary of the United States: Princeton, N.J.,
Princeton University Press, 922 p.



DEFINITIONS OF SELECTED TERMS

The following are definitions of selected terms as
they are used in this report; they are not necessaril
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

Dry hole. A hole abandoned during drilling for lack Till. An unsorted, unstratified sediment deposited
of water. directly by glaciers with little or no reworking by
meltwater. Till is composed of clay, silt, sand, gravel

ydraulic head (or static head). The height of the  and(or) boulders. The term till is used in place of
surface of a column of water above a standard datufiamicton in the text.

that can be supported by the static pressure at a given
point; the sum of the elevation head and the pressutdnconfined aquifer (or water-table aquifer). An
head; the level to which water will rise in a properly aquifer whose upper surface is the water table.

constructed well. , i i
Unconsolidated aquifer. A type of aquifer com-

Loess. A blanket of fine-grained material, typically Posed of sand, gravel, or a mixture of sand and
silt, deposited by the wind. gravel.

Nonaquifer material. Sediments with low hydraulic Valley train. A long, narrow body of outwash

water for domestic purposes. An aquifer may includeonductivity that normally will not transmit quanti- deposited by meltwater streams far beyond the

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, sandston
coal, siltstone, or shale bedrock.

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

ties of potable water adequate for domestic purpose®argin of active glaciation, and confined laterally
within a valley.

Outwash. Stratified unconsolidated material, ) , ) )

typically sand and gravel deposited by meltwater Yield (or potential well yield). The maximum
streams flowing beyond the glacial ice; proglacial pumping rate that can be sustained in a \_/veII without
stratified drift. lowering the water level below the water intake. The

maximum potential well yield is supplied by a pro-
Outwash plain. A broad, gently sloping sheet of perly constructed, fully penetrating, large diameter
outwash. well.

e! . . .
Porosity. The ratio of the volume of the voids or

openings in a rock to its total volume.

I]1:’0otentiometric surface (generalized) An

imaginary surface representing the total head of
ground water in an aquifer and defined by the level to

Confined aquifer. An aquifer whose potentiometric which water will rise in a properly constructed well.

surface is higher than the top of the aquifer.

The generalized potentiometric surface of uncon-

_ _ solidated aquifers usually represents the static head
Discharge area. An area where water is lost from an ¢, 5 giscrete screened interval and generally is a

aquifer; commonly a surface-water body or an area af \,qyed reflection of the land surface. The gener-
intensive ground-water pumping. alized potentiometric surface of bedrock deposits is
typically a composite water level from a hole open

Discontinuous aquifer. A sand and gravel aquifer through many lithologies.

composed of small, detached sand and gravel
deposits that are less than about 15 square miles inRecharge. Water that is gained by an aquifer..
extent, and separated from other aquifers by non-

aquifer material. Discontinuous aquifers can be  Saturated. The condition in which the pores of a
either surficial or buried. material are filled with water.

Drift. A general term for all material transported by Surficial aquifer. A type of aquifer whose upper
glacial processes and deposited directly from meltingurface is within 10 feet of the land surface; a sur-
ice or by meltwater streams. ficial aquifer is not discontinuous.
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