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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) Program represents a
systematic effort to study a number of the Nation’s most important aquifer
systems, which, in aggregate, underlie much of the country and which repre-
sent an important component of the Nation’s total water supply. In general,
the boundaries of these studies are identified by the hydrologic extent of each
system and, accordingly, transcend the political subdivisions to which investi-
gations have often arbitrarily been limited in the past. The broad objective for
each study is to assemble geologic, hydrologic, and geochemical information;
to analyze and develop an understanding of the system; and to develop predic-
tive capabilities that will contribute to the effective management of the
system. The use of computer simulation is an important element of the RASA
studies to develop an understanding of the natural, undisturbed hydrologic
system and the changes brought about in it by human activities, and to pro-
vide a means of predicting the regional effects of future pumping or other
stresses.

The final interpretive results of the RASA Program are presented in a
series of U.S. Geological Survey Professional Papers that describe the geology,
hydrology, and geochemistry of each regional aquifer system. Each study
within the RASA Program is assigned a single Professional Paper number
beginning with Professional Paper 1400.

Charles G. Groat
Director
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THE MIDWESTERN BASINS AND ARCHES
REGIONAL AQUIFER SYSTEM IN PARTS OF
INDIANA, OHIO, MICHIGAN, AND ILLINOIS—
SUMMARY

By E.F. BUGLIOSI

ABSTRACT

The Midwestern Basins and Arches aquifer system is composed of
surficial deposits of Pleistocene and Holocene age and of Silurian and
Devonian age carbonate rock in parts of Indiana, Illinois, Michigan,
and Ohio. The study area encompasses a complex of structural
arches—the Cincinnati, Findlay, and Kankakee Arches—and is
bounded on the east, north and west by the Appalachian, Michigan
and Illinois Basins, respectively. This report summarizes the major
results of a 6-year study of this regional aquifer system. Because the
rock units that compose the carbonate-rock aquifer are not truncated as
they dip away from the arches and into the basins, the regional aquifer
system has no definite stratigraphic boundaries. Thus, an area of “prin-
cipal hydrologic interest” was defined that is bounded by the contact
between carbonate bedrock and overlying shale bedrock of Upper
Devonian age, and by various major water bodies. This area of inten-
sive study includes about 44,000 square miles within a larger area of
data collection that encompasses more than 90,000 square miles.

The hydrogeologic framework of the Midwestern Basins and
Arches aquifer system is defined in terms of the extent and thickness of
the lower confining unit, the carbonate-rock aquifer, the upper confin-
ing unit, and the surficial aquifer. The lower confining unit, which
underlies the entire study area, consists of interbedded calcareous
shales and limestone of Ordovician age that are much less imperme-
able than the overlying aquifer units. The lower confining unit ranges
in thickens from an average of 200 feet in northwestern Indiana to
more than 1,400 feet in central Ohio. The carbonate-rock aquifer con-
sists primarily of limestone and dolomite of Silurian and Devonian
age. The aquifer is absent in southwestern Ohio and southeastern Indi-
ana along the axis of the Cincinnati Arch, but it is as much as 2,500 feet
thick in southeastern Michigan at the edge of the Michigan Basin. The
upper confining unit is composed of Upper Devonian and Mississip-
pian calcareous shales but is present only along the lateral margins of
the study area (a transitional area from arches to basins). The maxi-
mum thickness of the upper confining unit is about 700 feet in north-
eastern Ohio, at the edge of the Appalachian Basin. Glacial and alluvial
deposits composing the surficial aquifer unconformably overlie 97 per-
cent of the study area except in the exireme southeast, where the area is
unglaciated. These deposits are more than 400 feet thick in northwest-
ern Indiana, where they fill the buried, ancient Teays-Mahomet river
system in the central part of the study area; however, they are only a
few feet thick over bedrock highs, and are generally no greater than 50
feet thick in the southern and northeastern parts of the study area.

Ground water in the surficial aquifer is mostly unconfined but may
be locally semiconfined or confined by layers of till. Ground water in

the carbonate-rock aquifer is confined where the aquifer is directly
overlain by the upper confining unit along the margins of the struc-
tural basins; otherwise, ground water in the carbonate-rock aquifer is
semiconfined by the surficial deposits. Ground-water flow in the aqui-
fer system is primarily through secondary porosity, mainly through
fractures within the upper 100 feet of the carbonate-rock aquifer.

Surface-water and ground-water data were used to characterize
the components of the regional ground-water-flow system within the
Midwestern Basins and Arches Region and to provide information to
calibrate a regional ground-water-flow model of the system. The analy-
sis of data from long-term streamflow records indicates that most base
flow (50 to 97 percent among selected stream reaches) is from localized
ground-water discharge to streams rather than from regional ground-
water flow. Synoptically measured ground-water levels in July and
August 1990 that represent long-term, steady-state conditions in the
carbonate-rock aquifer show that the configuration of the potentiomet-
ric surface of the carbonate-rock aquifer generally mimics the topogra-
phy within the area of principle hydrologic interest.

A two-layer, steady-state, numerical model representing the surfi-
cial and carbonate-rock aquifers was constructed to simulate regional
ground-water flow within most of the area of principle hydrologic
interest. The ground-water system was simulated to help interpret the
rates and distribution of regional ground-water recharge and dis-
charge. Modeling results indicate that virtually all recharge to the
regional ground-water-flow system (99 percent) is from precipitation
that enters the ground-water system at the water table and that about
78 percent of the ground water simulated in the regional aquifer sys-
tem discharges to major streams within the study area, whereas less
than 3 percent discharges to the Ohio River, Lake Erie, or downdip into
the Illinois Basin. Additionally, model simulations indicate that
recharge and discharge areas generally alternate within 10 miles except
in the northeastern part of the study area, a former swamp that
remains a large regional discharge area. The longest flow paths (about
50 miles long) are in the northeastern part of the study area, starting at
a topographic high in central-western Ohio and terminating in Lake
Erie.

Computer programs for tracking of ground-water-particles were
used to indicate directions of regional ground-water flow. Particle-
tracking results were used in conjunction with analyses of stable iso-
topes, carbon-14, and tritium concentrations of ground water from
wells in the regional aquifer system to substantiate the concept of
ground-water flow throughout the regional aquifer system. Carbon-14
data indicate that relatively old water (about 13,000 years old) is at the
end of the longest flow paths (50 miles) near Lake Erie. In contrast,

Al
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older waters (about 38,000-45,000 years old) were associated with
ground-water-flow paths only 10 miles long in the Maumee River
Basin, an indication that recharge is restricted in this area, probably by
surficial lacustrine deposits.

Patterns of ground-water chemistry were defined by use of avail-
able data and by collection of additional information along regional
ground-water-flow paths determined from the potentiometric-surface
map of the carbonate-rock aquifer. The chemistry of ground water from
wells that tap the regional aquifer system was classified into several
types based on the percentage of the major cations and anions and by
the concentration of dissolved solids in the water. The Ca-Mg-HCO;
and Ca-Mg-504 water types dominate the chemistry of ground water
in the study area. The patterns of chemistry in water from wells within
the carbonate-rock aquifers were compared and related to the
geochemistry of the bedrock units within the Midwestern Basins and
Arches Region. The chemistry of ground water throughout most of the
study area is generally controlled by the dissolution of calcite and dolo-
mite and produces Ca-Mg-HCOj; type waters except where the oxida-
tion of pyrite is responsible for Ca-Mg-SO, type waters.

The ground-water chemistry of the surficial aquifer is similar to
that of the carbonate-rock aquifer within the study area. Dissolved-sol-
ids concentrations of ground water in the surficial aquifer range from
about 100 to 2,600 milligrams per liter and those within the carbonate-
rock aquifer from about 100 to 3,800 milligrams per liter (although con-
centrations increase substantially as the carbonate-rocks dip into the
structural basins).

Ground-water withdrawals within the study area were compiled
from existing state water-use data reported by users capable of with-
drawing more than 100,000 gallons per day. The ground-water-with-
drawal estimates were used to determine the average amount of
ground water that was potentially withdrawn in 1990 in the Indiana
and Ohio parts of the study area; ground-water withdrawals were also
categorized by the type of use. The reported monthly total ground-
water withdrawal for parts of Indiana and Ohio within the study area
for 1990 was 433 million gallons per day. Monthly totals of ground-
water withdrawals indicate a seasonal trend of ground-water use.
Almost three-fourths of reported ground-water use in 1990 was for
public supply, similar to the proportion of public-supply use for the
same area in 1980.

INTRODUCTION

As a result of a congressional mandate to develop
quantitative appraisals of the nations most important
regional aquifers (Sun, 1986), the U.S. Geological Sur-
vey (USGS) began the Regional Aquifer Systems Analy-
sis (RASA) program in 1978. The objective of this
program was the systematic study of the quantity and
quality of the ground water in these regional aquifer
systems.

In 1988, the RASA program began an analysis of the
Midwestern Basins and Arches Region in part of the
east-central portion of the United States (fig. 1). The
surficial and carbonate-rock aquifers in this region are
an economically significant supplement to surface-
water supply throughout the region and are economi-
cally and culturally important natural resources for this
area. The regional aquifers supply water not only for
human consumptive purposes, but also for agricultural,
industrial, and recreational uses.

REGIONAL ANALYSIS OF THE MIDWESTERN BASINS
AND ARCHES AQUIFER SYSTEM

OBJECTIVES AND APPROACH

The overall objective of the The Midwestern Basins
and Arches RASA study was to develop an understand-
ing of the hydrogeologic, hydraulic, and water-quality
characteristics of the regional surficial and carbonate-
rock aquifers within their natural hydrogeologic bound-
aries. An additional objective was to create digital data
bases of cartographic and spatially-registered informa-
tion that could be used by regional planners and earth
scientists to help manage the area’s water resources.
The study was designed primarily to make use of avail-
able data; however, additional data were collected
where needed to supplement or clarify available infor-
mation. The information was used to (1) describe the
geometry (thickness, extent, and configuration of sur-
faces) of the surficial and carbonate-rock aquifers
within the regional system, and types of deposits and
rocks and their hydraulic properties; (2) determine the
natural physical boundaries of the surficial and carbon-
ate-rock aquifers; (3) describe regional ground-water
flow and estimate regional recharge rates by the use of a
finite-difference, three-dimensional, ground-water-flow
model and base-flow analysis of unregulated streams
within the region; (4) describe the quality of water in
the surficial and carbonate-rock aquifers in terms of
anion and cation facies and dissolved-solids trends and
the relationship of the geochemistry to ground-water
flow in the region; and (5) determine the current
ground-water use.

PURPOSE AND SCOPE OF PROFESSIONAL PAPERS 1423 A, B,
AND C

Professional Paper 1423 describes the hydrogeologic
framework, hydrology, and geochemistry of the Mid-
western Basins and Arches Region. Because regional
ground-water flow is considered to be in a state of
dynamic equilibrium (steady state) and because there
are no apparent regional stresses on this system, com-
parative analysis of predevelopment and postdevelop-
ment periods was not done.

The Professional Paper 1423 series consists of three
papers:

Professional Paper 1423-A (this report) summarizes
the basic aspects of study-area geology, hydrol-
ogy, water quality, and geochemistry that are
reported in more detail in the other papers,

Professional Paper 1423-B describes the hydrogeo-
logic framework of the glacial and carbonate-
rock regional aquifer system (Casey, 1997).
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