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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

MultiplyBy To obtain
Length
inch (in.) 2540 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (mi%) 2.590 square kilometer
Volume
acre foot (acre-ft) 1,233 cubic meter
Flow
foot per year (ft/yr) 0.3048 meter per year
inch per year (in/yr) 25.40 millimeter per year
cubic foot per second (ft /s) 0.2832 cubic meter per second
gallon per minute (gal/mi") 0.063098 liter per second
million gallons per day 0.04381 cubic meter per second
(Mgal/d)
billion gallons per day 43.81 cubic meter per second
(Ggal/d)

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geo-
detic datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.
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BIBLIOGRAPHY OF REGIONAL AQUIFER-SYSTEM
ANALYSIS PROGRAM OF THE U.S. GEOLOGICAL
SURVEY, 1978-96

By Ren Jen Sun, John B. Weeks, and Hayes F. Grubb

ABSTRACT

The Regional Aquifer-System Analysis (RASA) Program of the U.S. Geological Survey was initi-
ated in 1978 and was completed in 1995. The purpose of this program was to define the regional geohy-
drology and establish a framework of background information on geology, hydrology, and geochemistry
of the Nation’s important aquifer systems. This information is critically needed to develop an understand-
ing of the Nation’s major ground-water flow systems and to support better management of ground-water
resources.

Twenty-five of the Nation’s major aquifer systems were studied under this program. Starting in
1988, the program devoted part of its resources to compilation of a National Ground Water Atlas that pre-
sents a comprehensive summary of the Nation’s major ground-water resources. The atlas, which is
designed in a graphical format supported by descriptive text, serves as a basic reference for the location,
geography, geology, and hydrologic characteristics of the major aquifers in the Nation.

This bibliography lists 1,105 reports that result from various studies of the program. The list of
reports for each study follows a brief description of that study.

INTRODUCTION

The U.S. Geological Survey initiated the Regional Aquifer-System Analysis (RASA) Program in 1978 in
response to Federal and State needs for information to improve management of the Nation’s ground-water resources.
The objective of the RASA Program is to define the regional geohydrology and establish a framework of back-
ground information--geologic, hydrologic, and geochemical--that can be used for regional assessment of ground-
water resources and in support of detailed local studies. The program was completed in 1995.

A total of 25 aquifer systems were studied under the RASA Program (fig. 1). Studies of three other aquifer
systems--the Pecos River Basin in New Mexico and Texas; the Alluvial Basins in Oregon, California, and Nevada;
and the Illinois Basin in Illinois--were not started due to changes in national priorities, such as the emphasis on
ground-water and surface-water relations and the hydrogeology of critical aquifers. This report provides synopses
of these 25 regional aquifer systems and lists reports resulting from studies of each of these systems.

Because of the critical need for a unified summary of ground-water information on a nationwide scale, a
ground-water atlas of the United States was compiled. The atlas summarizes RASA study results and other reports
of the U.S. Geological Survey, various States and local agencies, and articles published in scientific journals. The
atlas project is discussed in the last section of this report.

The U.S. Geological Survey has a National Research Program (NRP) that conducts basic and problem-ori-
ented research. Basic research explores the scientific processes that control the quantity and quality of the Nation’s
water resources. Problem-oriented research develops operational and interpretative methods useful for water-
resources investigations inside and outside of the Survey. The RASA Program has benefited from both the basic and
problem-oriented research conducted through NRP. Each year the RASA Program has contributed funds to the NRP.
These funds were used for research in all phases of the hydrologic cycle, not just those directly related to the RASA
Program. The purpose of that support was to build for the future by providing funds for continued research and
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The RASA Program produced 1,105 reports. Nine of these reports, listed below, explain and summarize the
RASA Program. The other 1,096 reports are listed at the end of each section that briefly describes the study that
produced the reports.

1. Bennett, G.D., 1979, Regional ground-water systems analysis: U.S. Army Corps of Engineers Water Spectrum, v. 11, no. 4,
p. 36-42.

2. Davidson, C.B., and Doherty, H.B., 1994, Aquifer descriptions from the U.S. Geological Survey Regional Aquifer-System
Analysis Program, 1978-93: U.S. Geological Survey Open-File Report 94-465, 22p.

3. Johnston, R. H., in press, Hydrologic budgets of regional aquifer systems of the United States--predevelopment and devel-
opment conditions: U.S. Geological Survey Professional Paper 1425.

4. Johnston, R.H., 1997, Sources of water supplying pumpage from regional aquifer systems of the United States: Hydrogeo-
logy Journal, p.54-63 .

5.Sun,R.J., ed., 1986, Regional Aquifer-System Analysis Program of the U.S. Geological Survey--summary of projects, 1978-
84: U.S. Geological Survey Circular 1002, 264 p. (out of print).

6. 1989, Regional Aquifer-System Analysis Program, in Moore, J.E., Zaporozec, A.A., Csallany, S.C., and Vamey, T.C.,
eds., Recent advances in ground-water hydrology: American Institute of Hydrology Conference, Nov.16-19, 1988, Tampa,
Florida, p.78-88.

7. Sun, R.J., and Johnston, R.H., 1994, Regional Aquifer-System Analysis Program of the U.S. Geological Survey, 1978-92:
U.S. Geological Survey Circular 1099, 126 p.

8. Sun, R.J., and Weeks, J.B., 1991, Bibliography of Regional Aquifer-System Analysis Program of the U.S. Geological Survey,
1978-91: U.S. Geological Survey Water-Resources Investigations Report 91-4122, 92 p.

9. Weeks, J.B., and Sun, R.J., 1987, Regional Aquifer-System Analysis Program of the U.S. Geological Survey--bibliography,
1978-86: U.S. Geological Survey Water-Resources Investigations Report 87-4138, 81 p.
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APPALACHIAN VALLEYS AND PIEDMONT

The study area of the Appalachian Valleys and Piedmont regional aquifer-system analysis is about 145,000
square miles, covering parts of New Jersey, Pennsylvania, Delaware, Maryland, the District of Columbia, West Vir-
ginia, Virginia, Tennessee, North Carolina, South Carolina, Georgia, and Alabama. The study area lies within parts
of the Valley and Ridge, Blue Ridge, and Piedmont physiographic provinces in the Appalachian Highlands of the
eastern United States.

Geologically and structurally, the study area can be divided into two distinct hydrogeological areas. The first
area includes the Valley and Ridge physiographic province and the extreme western part of the Blue Ridge physio-
graphic province. This area mostly consists of Paleozoic carbonate rocks (dolomite and limestone), sandstone, silt-
stone and shale. Ground-water flow in these rocks is predominantly through fractures or solution channels. The
second area includes the Piedmont physiographic province and a larger part of the Blue Ridge physiographic prov-
ince where often highly deformed Precambrian and lower Paleozoic metamorphic rocks are intruded by granite or
other igneous intrusions. Ground-water flow in these rocks is predominantly through fractures that tend to decrease
in size and number of openings with depth. Openings may extend several hundreds or thousands of feet down into
the rocks.

Approximately 15 large rift basins, locally called early Mesozoic basins, are filled with sedimentary rocks
intruded with basaltic lava flows. These basins occur within a 600 mile long area of the Piedmont. Permeability of
the sandstones and other continental deposits is mostly in primary pore spaces, but fractures, joints, and bedding
planes are additional avenues for ground water flow. Ground water is stored mostly in the regolith that mantles the
fractured rocks in these physiographic provinces. The regolith includes soil, saprolite and partly weathered rocks.
The thicker the regolith, the greater is the storage capacity for ground water.
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inces, eastern United States: U.S. Geological Survey Professional Paper 1422-D.

3. Chichester, D.C., 1991, Conceptual hydrogeologic framework of a regolith-mantled carbonate system, Cumberland Valley,
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10. Harlow, G.E., Jr., and Nelms, D.L., 1992, Use of a geographic information system to identify hydrogeologic units in the
Piedmont and Blue Ridge physiographic provinces, Virginia to New Jersey, in Daniel, C.C., III, White, R.K., and Stone,
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vey Water-Resources Investigations Report 89-4205, 9 p.

14. Hollyday, E.F., Hileman, G.E., Smith,M.A_, and Pavlicek, D.J., 1996, Hydrogeologic terranes and potential yield of water
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Investigations Atlas, HA-732-A, scale 1:500,000, 2 sheets.

15. Hollyday, E.F., and Hileman, G.E., in press, Hydrogeologic terranes and potential yield of water to wells in the Valley and
Ridge Province in the eastern and southeastern United States: U.S. Geological Survey Professional Paper 1422-C, 31 p.

16. Hollyday, E.F., Knopman, D.S., Smith, M.A., and Hileman, G.E., 1992, Statistical analysis of well records for classifying
and mapping hydrogeologic terranes in the Valley and Ridge province, in Hotchkiss, W.R., and Johnson, A.L., eds.,
Regional Aquifer Systems of the United States, Aquifers of the Southern and Eastern States: American Water Resources
Association, Monograph Series, no. 17, p. 75-92.

17. Knopman, D.S., 1991, Factors controlling water-yielding potential of rocks in the Piedmont, and Valley and Ridge provinces
of Pennsylvania: U.S. Geological Survey Water-Resources Investigations Report 90-4174, 52 p.

18. Knopman, D.S., and Hollyday, E.F., 1993, Variation in specific capacity in fractured rocks, Pennsylvania: Ground Water, v.
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19. Lewis, Jean, 1992, The effect of anisotropy on ground-water discharge to streams in fractured Mesozoic-basin rocks, in
Hotchkiss, W.R., and Johnson, A.L, eds., Regional Aquifer Systems of the United States, Aquifers of the Southern and
Eastern States: American Water Resources Association, Monograph Series, no. 17, p. 93-106.

20. Lewis-Brown, J.C., and Jacobsen, Eric, 1995, Hydrology of and ground-water flow in fractured Mesozoic structural-basin
rocks in the Stony Brook, Beden Brook, and Jacobs creek drainage basins, west-central New Jersey: U.S. Geological Sur-
vey Water-Resources Investigations Report 94-4147, 83 p.
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South Carolina, Clemson University, Conference on Ground Water in the Piedmont of the Eastern United States, Proceed-
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CARIBBEAN ISLANDS

The study area of the Caribbean Islands regional aquifer-system analysis covers Puerto Rico, its adjacent
islands (Vieques, Culebra, and Mona), and the U.S. Virgin Islands (St. Croix, St. Thomas, and St. John). The most
important ground-water areas in Puerto Rico are the limestone aquifers of the north coast and the alluvial/fan delta
aquifers of the south coast. The Kingshill aquifer of St. Croix is the only aquifer of significant extent in the U.S.
Virgin Islands and consists of the Kingshill Limestone and unnamed limestone of Pliocene age. The investigation
of the Caribbean Islands regional aquifer-system analysis study, therefore, was concentrated on these aquifers.

The geology of Puerto Rico is complex and varied. The central core of the island consists largely of volcanic
and intrusive rocks of Cretaceous and early Tertiary age. Limestones, minor dolomite and clastic sediments of Oli-
gocene to Pliocene age were deposited to the north and south of the central mountain core. The clastic sediments
consist of poorly sorted mixtures of gravel, sand, and fine-grained materials. On the north coast, minor clastic sed-
iments grade upward into thick beds of relatively pure limestone. Ground water moving through joints and fractures
in the limestone has formed solution cavities. In outcrop areas along the north coast, a mature karst topography has
developed. Along the south coast, gravel, sand and silt fan delta (coastal alluvial fan) deposits and river alluvium of
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Pleistocene to Holocene age represent the principal aquifer. Permeability of the aquifer is related to the depositional

pattern of sand and gravel.
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Report 87-4162, map, scale 1:20,000.

2. Gill, Ivan, 1991, Geochemical controls on porosity in the Kingshill aquifer system, St. Croix, U.S. Virgin Islands--the appli-
cation of isotopic techniques to ground-water investigations, in Gomez-Gomez, Fernando, Quifiones-Aponte, Vicente, and
Johnson, A L, eds., Regional Aquifer Systems of the United States, Aquifers of the Caribbean Islands: American Water
Resources Association Monograph Series, no. 15, p. 77-92.

3. Gomez-Gomez, Fernando, 1986, Caribbean Islands regional aquifer-system study, in Sun, R.J., ed., Regional Aquifer-Sys-
tem Analysis Program of the U.S. Geological Survey--summary of projects, 1978-84: U.S. Geological Survey Circular
1002, p. 234-241.

4. 1987, Planning report for the Caribbean Islands regional aquifer-system analysis project: U.S. Geological Survey
Water-Resources Investigations Report 86-4074, 50 p.
S. 1991a, Hydrochemistry of the south coastal plain aquifer system of Puerto Rico and its relation to surface water

recharge, in Gomez-Gomez, Fernando, Quinones-Aponte, Vicente, and Johnson, A I, eds., Regional Aquifer Systems of
the United States, Aquifers of the Caribbean Islands: American Water Resources Association Monograph Series, no. 15,
p. 57-75.

6. 1991b, Water viability from the artesian aquifer system in north-central Puerto Rico and possible implications of future
withdrawals: Proceedings of the XXIII Congress (Aquifer Overexploitation)--International Association of Hydrogeolo-
gists, v. 1, p. 221-225.

7. Quifiones-Aponte, Vicente, 1989, Horizontal anisotropy of the principal ground-water flow zone in the Salinas alluvial fan,
Puerto Rico: Ground-Water, v. 27, no. 4, p. 491-500.

8. 1989, Comparison of aquifer storage coefficients computed using anisotropic and isotropic analytical models: Ameri-
can Institute of Hydrology Recent Advances in Ground-Water Hydrology, p. 349-357.
9. 1991, Water resources development and its influence on the water budget for the aquifer system in the Salinas to Patillas

area, Puerto Rico, in Gémez-Gomez, Fernando, Quifiones-Aponte, Vicente, and Johnson, A.L, eds., Regional Aquifer Sys-
tems of the United States, Aquifers of the Caribbean Islands: American Water Resources Association Monograph Series,
no. 15, p. 37-55.
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CENTRAL MIDWEST

The Central Midwest regional aquifer-system analysis study covers an area of 370,000 square miles in parts
of Arkansas, Colorado, Kansas, Missouri, Nebraska, New Mexico, Oklahoma, South Dakota, Texas, and Wyoming,
The sedimentary rocks underlying the study area are generally water-yielding formations that range in thickness
from a featheredge in Missouri to more than 40,000 feet in central Oklahoma. The igneous and metamorphic base-
ment rocks that underlie the water-yielding formations generally do not yield significant quantities of water to wells.
Therefore, the surface of the basement rock forms the lower limit of the ground-water flow system in the study area.
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CENTRAL VALLEY, CALIFORNIA

The Central Valley of California is approximately 20,000 square miles. The northern part is drained by the
Sacramento River, and the southern part is drained partly by the San Joaquin River and also contains an internally
drained basin--the Tulare Basin. The aquifer system of the Central Valley is composed of a heterogeneous mixture
of continental alluvial materials derived from the surrounding mountains. Thickness of the sediments averages about
1,500 feet in the Sacramento Valley and 2,900 feet in the San Joaquin Valley. About 50 percent of the thickness of
continental sediments in the Central Valley is composed of clay and silt.

Annual pumpage in the Central Valley has increased from about 362,000 acre-feet during 1912-13 to about
15 million acre-feet during the drought in 1977. In parts of the Central Valley, pumping has caused water-level
declines of nearly 400 feet. As water levels decline in aquifers, water stored in the pores of the fine-grained confining
layers start to drain into the adjacent aquifers where heads have been reduced by pumping. As a result, the land sur-
face has subsided due to inelastic compaction of the fine-grained sediments. By 1970, subsidence exceeded 29 feet
in one place in the San Joaquin Valley, and more than 5,000 square miles of land surface in the Central Valley had
subsided more than 1 foot.
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COLUMBIA PLATEAU, WASHINGTON, OREGON, AND IDAHO

The Columbia Plateau is located in central and eastern Washington, northern Oregon, and a small part of
northwestern Idaho. The plateau covers about 63,200 square miles entirely within the drainage of the Columbia
River. The Columbia Plateau regional aquifer-system analysis study consists of unconsolidated sediments, basaltic
rocks, and intercalated sediments. Where saturated unconsolidated sediments overlie the basalts, they form a water-
table aquifer that is termed the overburden aquifer. This aquifer is the uppermost unit in the Columbia Plateau aqui-
fer system. Rocks of the Miocene Columbia River Basalt Group make up most of the aquifer system underlying the
Columbia Plateau. The many layers of lava beds and sedimentary interbeds form a multilayered aquifer system,
which for study purposes has been divided into three units. The units, including intercalated sediments, correspond
to three basalt formations in the Columbia River Basalt Group--the Saddle Mountains, Wanapum, and Grande
Ronde Basalts. The three basalt units are connected hydraulically either directly or through leaking confining sedi-
mentary interbeds. The sedimentary interbeds between the units generally are fine grained and laterally extensive;
the thickness of the interbeds is small compared to the thickness of the basalt units.

The four geohydrologic units (overburden aquifer and 3 basalt units) form the aquifer system underlying the
Columbia Plateau and provide water for most municipal, industrial, and domestic needs; the units also provide water
for most of the irrigated lands outside the Columbia Basin Irrigation Project area and the Yakima River Basin.
Ground-water withdrawals were estimated at 56,000 acre-ft in 1945 and 838,000 acre-ft in 1984. About 80 percent
of the water withdrawn is used for irrigation.
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EDWARDS-TRINITY AQUIFER SYSTEM, TEXAS

The approximately 95,000-square-mile study area of the Edwards-Trinity regional aquifer-system analysis study
consists of the Edwards-Trinity aquifer system of central Texas, southeastern Oklahoma, and southwestern Arkansas, plus
contiguous hydraulically-connected units. The Edwards-Trinity aquifer system includes three major aquifers that occur
in rocks of Cretaceous age. The three aquifers of the system, named the Edwards aquifer, the Trinity aquifer, and the
Edwards-Trinity aquifer, together extend over an area of about 80,000 square miles. The Edwards aquifer is composed
mostly of extensively fractured and solutioned limestone that yields large quantities of water to wells and springs. The
Trinity aquifer consists primarily of dolomitic limestone with interbedded sand, shale, and clay; and the Edwards-Trinity
aquifer generally is composed of limestone and dolomite in its upper part, and quartz-rich sand in its lower part. In the
southern half of the study area, south and west of the Colorado River, much of the aquifer system is near the surface and
unconfined.

During the late 1980’s, an estimated 1,200,000 acre-feet per year of water was withdrawn from the study area for
all uses. More than 80 percent of the withdrawals (1,000,000 acre-feet per year) occurred in the southern one-half of the
study area. Within that area, the major withdrawals are concentrated in the highly productive Edwards aquifer, which
underlies an area of approximately 3,000 square miles. An estimated 545,000 acre-feet of water was withdrawn from the
Edwards in 1988, primarily to supply municipal and industrial water to the San Antonio metropolitan area and irrigation
water to farms west of the San Antonio area. Nearly one-half of the ground-water supplies were withdrawn from about 3
percent of the study area.
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FLORIDAN AQUIFER SYSTEM

The Floridan aquifer system is one of the major sources of ground water in the United States. This highly pro-
ductive aquifer system underlies all of Florida, southern Georgia, and small parts of adjacent Alabama and South
Carolina; a total area of about 100,000 square miles.

The Floridan aquifer system is a thick sequence of carbonate rocks of Tertiary age that are hydraulically con-
nected in various degrees to form a regional aquifer system. The rocks range in thickness from a featheredge in out-
crop areas to more than 3,500 feet in coastal areas. The aquifer system generally consists of an upper and lower
aquifer separated by a less-permeable confining unit of highly variable properties.

Development of the Floridan aquifer system has proceeded unevenly with large withdrawals concentrated in
a few areas. A total of about 3 billion gallons per day was withdrawn from the aquifer system as of the early 1980’s.
In many areas, the aquifer system is the sole source of freshwater. A considerable area of the Floridan aquifer system
remains highly favorable for development of large ground-water supplies. This favorable area for development of
large ground-water supplies is largely inland from the coast and is characterized by high transmissivity as well as
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minimal development in 1985. The major constraint on future development is potential for degradation of water

quality. The possibility of saltwater encroachment in coastal areas and upconing of deep saltwater in some inland

areas are important factors to be considered for future development.
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GREAT BASIN, NEVADA AND UTAH

The Great Basin regional aquifer-system analysis study covers an area of about 140,000 square miles in parts
of Nevada, Utah, and adjacent states. The area is characterized by generally north-trending mountain ranges that
range in width from 5 to 15 miles and rise 1,000 to 5,000 feet above the adjoining valleys. The widths of the valleys
are about the same as widths of the adjacent mountain ranges. The valleys are typically elongated, and many extend
more than 50 miles in a north or northeast direction.

The area has a complex geologic history that includes major episodes of sedimentation, igneous activity, oro-
genic deformation, and continental rifting. A major tectonic change occurred about 17 million years ago with the
onset of extensional faulting, which has formed the major basins and ranges that characterize the topography. The
Great Basin contains a regional aquifer system in a sense that most of its separate valley basins share common geo-
logic and hydrologic characteristics. Currently, some 242 hydrographic areas are recognized within the study area;
most include one or more structural basins and associated basin-fill aquifers. A special situation exists in eastern
Nevada and western Utah, where permeable carbonate rocks underlying the basin-fill deposits form a complex
ground-water flow system with the characteristics of both basin-fill and carbonate rock aquifers.
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GULF COASTAL PLAIN

The Gulif Coastal Plain regional aquifer-system analysis study covers an area of about 230,000 square miles
onshore in parts of Alabama, Arkansas, Florida, Illinois, Kentucky, Mississippi, Missouri, Tennessee, Texas, and all
of Louisiana. The study area also includes 60,000 square miles offshore between the coast and the edge of the con-
tinental shelf. The study is limited to the coastal plain sediments of Tertiary and younger age except for an area in
the Mississippi embayment where Upper Cretaceous sediments supply ground water in parts of several States. The
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bottom of the aquifer system is either the top of the Paleocene Midway Group that consists of low permeable sedi-
ments, or at the top of the geopressured zone. The sediments are thin in and near the outcrop areas but attain thick-
nesses of several thousand feet downdip. None of the individual aquifers are continuous throughout the study area;
some cover only a few hundred square miles. Some of the aquifers in sediments of Eocene age are present in as many
as 8 of the 10 States and supply large quantities of freshwater for municipal, industrial, and agricultural use. With-
drawals increased from about 4,000 Mgal/d during 1960, to about 11,000 Mgal/d during 1990.

The sediments within the study area are composed predominantly of alternating beds of sand and clay with
some interbedded gravel, silt, lignite, and limestone. The sediments that comprise the individual aquifers and asso-
ciated confining units are exposed at land surface in narrow bands several miles wide that roughly parallel the
present Gulf of Mexico coastline or the axis of major embayments. The sediments in the study area generally dip
toward the Gulf of Mexico and generally become thicker and less permeable downdip. The regional ground-water
flow pattern in these sediments is interrupted downdip by faulting or by the geopressured zone.
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HIGH PLAINS

The area of the High Plains regional aquifer-system analysis study is 174,000 square miles of flat to gently
rolling terrain in parts of Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas, and Wyo-
ming. Ground water from the High Plains aquifer is the primary source of water supply in this area with few peren-
nial streams. More than 90 percent of water used in the High Plains is obtained from the High Plains aquifer. About
95 percent of water used for irrigation is from the aquifer. Because of a plentiful supply of suitable-quality ground
water, irrigation has transformed the High Plains into one of the Nation’s major agricultural areas.
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The High Plains aquifer consists mainly of near-surface sand and gravel deposits. The Tertiary Ogallala For-
mation, which underlies about 80 percent of the High Plains, is the principal geologic unit of the aquifer. The satu-
rated thickness of the High Plains aquifer averages about 200 feet, and the maximum thickness is about 1,000 feet
in central Nebraska. Ground water generally flows from west to east and discharges naturally to streams and springs
and by evapotranspiration in areas where the water table is near land surface. Infiltration of precipitation and seepage
from streams are the principal sources of recharge to the aquifer. Because the High Plains is located in a semi-arid
region, recharge to the aquifer is small. This small recharge coupled with relatively large pumpage in parts of Texas,
New Mexico, and Kansas have caused severe depletion of water in aquifer storage and declining water levels in
these areas.
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MICHIGAN BASIN

The Michigan basin regional aquifer-system analysis study covers about 29,000 square miles of the Lower
Peninsula of Michigan. The study is limited to Mississippian and younger consolidated and unconsolidated sedi-
ments in the Michigan Basin. The Marshall Sandstone (Mississippian), sandstones within the Grand River and Sag-
inaw Formations (Pennsylvanian), and glacial deposits (Pleistocene) are the major aquifers in the Michigan Basin.
The lower limit for the study has been defined as the contact between the Coldwater Shale (Mississippian) and the
overlying Marshall Sandstone. Glacial deposits overlie nearly all of the study area.

Ground water has increasingly become an important source of water in Michigan. As of 1985, reported use
of ground water averaged 220 Mgal/d (million gallons per day) for the entire State. Of this total, about 80 Mgal/d
was from the Marshall and Grand River-Saginaw aquifers. About 40 Mgal/d was pumped from the glacial deposits
in the study area.

Saline water underlies the entire Lower Peninsula of Michigan. In the center of the Michigan Basin, the Mar-
shall Sandstone and the deeper parts of the Saginaw Formation contain brine or saline water. In the Saginaw Low-
lands, saline water is present in glacial deposits. In the Lansing area, a cone of depression that extends over 100
square miles has developed in the Grand River-Saginaw aquifer. Water levels near the center of the cone have
declined about 160 feet below the prepumping level. In the Flint area, where both the Marshall and Grand River-
Saginaw aquifers were used for public supply, heavy pumping caused upconing of saline water. The ground-water
supply was replaced by sources of surface water.
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MIDWESTERN BASINS AND ARCHES, OHIO, INDIANA, ILLINOIS, AND MICHIGAN

The Midwestern Basins and Arches study area includes about 43,000 square miles and extends approximately
from Columbus, Ohio, to Indianapolis, Indiana, and from Lake Erie to the Ohio River. The major aquifers are in
carbonate bedrock of Silurian and Devonian age, and saturated glacial deposits of Quaternary age. The bedrock sub-
crops beneath the Quaternary glacial deposits in western Ohio and eastern Indiana and receives recharge from the
glacial deposits, which are normally under unconfined conditions, except where outwash deposits or basal material
in buried valleys are covered by till or fine-grained lake deposits.

Most of the water in the glacial deposits locally discharges to streams after being recharged. However, a small
amount of the recharge infiltrates downward from the glacial deposits to the underlying carbonate rocks. Water in
the carbonate rocks is mostly under confined conditions, except where the bedrock is close to, or exposed at, the
surface. The direction of ground-water flow in the carbonate rocks is generally toward major streams, such as the
Ohio, Iroquois, Kankakee, and Scioto rivers, and to Lake Erie, and toward subcrop areas along the Scioto Valley
and the Illinois structural basin.
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NORTHEAST GLACIAL AQUIFERS

The Northeast Glacial-Aquifers study includes most of the glaciated parts of the northeastern United States
and extends as far west as Ohio. Long Island, New York, and Cape Cod, Massachusetts, are excluded from the study
because the ground-water hydrology of these areas has been extensively studied. The study area includes (1) moun-
tainous areas of New Hampshire, Maine, Vermont, and New York; and (2) low-lying areas along the Great Lakes,
major rivers, and the Coast.

The study area has been divided into three major types of geohydrologic terrains within which aquifer systems
have similar characteristics. These divisions are based largely on the geology of glacial deposits and on physiogra-
phy. In 70 percent of the study area, major valley’s sloped away from the ice sheet and generally contain productive
aquifers, although silt and clay are relatively abundant in deep valleys. In 10 percent of the area, deep valleys that
sloped toward the ice now contain mostly diamicton, siit, and clay with discontinuous buried aquifers. About 20
percent of the area consists of broad lowlands where surficial aquifers are widely scattered beneath extensive silt or
clay, thin surficial aquifers are comnmon near lowland margins and induced infiltration is generally not feasible
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NORTHERN ATLANTIC COASTAL PLAIN

The Northern Atlantic Coastal Plain is a gently rolling to flat region of about 50,000 square miles that extends
along the coast from Long Island, New York, to the North Carolina-South Carolina State boundary. It is underlain
by a seaward thickening wedge of predominantly unconsolidated sediments that thickens from a featheredge at the
Fall Line in the west to more than 8,000 feet along the Coast of Maryland and 10,000 feet at Cape Hatteras, North
Carolina. The sediments consist mostly of gravel, sand, silt, and clay of Jurassic to Holocene age. Limestone occurs
principally in North Carolina. This sedimentary wedge forms a complex aquifer system in which the sand, gravel,
and limestone function as aquifers, and the clay and silt function as confining units.

Ground-water recharge to the Northern Atlantic Coastal Plain aquifer system is derived from precipitation and
occurs chiefly in upland and interfluvial areas. A small amount of the recharge water, generally less than 1 inch per
year, replenishes the deeper confined part of the aquifers. Under natural conditions, discharge from the confined
aquifers is primarily upward across the confining units into shallower aquifers and ultimately into major rivers, the
sea, or coastal estuaries, sounds, and bays. Saltwater underlies freshwater in the seaward part of the Coastal Plain.
Areas of shallow saltwater generally coincide with areas of natural ground-water discharge.

Withdrawal of water from the confined part of this aquifer system, principally for municipal and industrial
use, has grown from about 100 million gallons per day in 1900 to about 1,200 million gallons per day in 1980. Pump-
ing from the confined aquifer system has caused widespread potentiometric head declines that have significantly
altered ground-water recharge, discharge, and flow patterns.

1. Chapelle, F.H., and Knobel, L.L., 1983, Aqueous geochemistry and the exchangeable cation composition of glauconite in the
Aquia aquifer, Maryland: Ground Water, v. 21, no. 3, p. 343-352.

2. 1985, Stable carbon isotopes of bicarbonate in the Aquia aquifer, Maryland--evidence for an isotopically heavy source
of carbon dioxide: Ground Water, v. 23, no. 5, p. 592-599.

3. Chapelle, F.H., and Loveley, D.R., 1990, Rates of microbial metabolism in deep coastal plain aquifers: Applied and Envi-
ronmental Microbiology, v. 56, no. 6, p. 1865-1874.

4. Chapelle, F.H., Zelibor, J.L., Jr., Grimes, D.J., and Knobel, L.L., 1987, Bacteria in deep coastal plain sediments of Maryland-
-a possible source of CO, to ground water: Water Resources Research, v. 23, no. 8, p. 1625-1632.

5. Fleck, W.B., and Vroblesky, D.A., 1996, Simulation of ground-water flow of the coastal plain aquifers in parts of Maryland,
Delaware, and District of Columbia: U.S. Geological Survey Professional Paper 1404-J, 41 p.

NORTHERN ATLANTIC COASTAL PLAIN 37



6. Coble, R.W., Giese, G.L., and Winner, M.D., Jr., 1987, Application of regional aquifer-system analysis study results to
ground-water management in North Carolina, in Vecchioli, John, and Johnson, A.IL, eds., Regional Aquifer Systems of the
United States, Aquifers of the Atlantic and Gulf Coastal Plain: American Water Resources Association Monograph Series,
no. 9, p. 39-49.

7. Garber, Murray, 1986, Geohydrology of the Lloyd aquifer, Long Island, New York: U.S. Geological Survey Water-Resources
Investigations Report 85-4159, 36 p.

8. Giese, B.L., Eimers, J.L., and Coble, R.W., in press, Simulation of ground-water flow in the coastal plain aquifer system of
North Carolina: U.S. Geological Survey Professional Paper 1404-M.

9. Harsh, J.F., and Laczniak, R.J., 1990, Conceptualization and analysis of the ground-water flow system in the coastal plain
aquifers of Virginia and adjacent parts of Maryland and North Carolina: U.S. Geological Survey Professional Paper 1404-
F, 100 p.

10. Knobel, L.L., 1985, Ground-water-quality data for the Atlantic Coastal Plain, New Jersey, Delaware, Maryland, Virginia,
and North Carolina: U.S. Geological Survey Open-File Report 85-154, 84 p.

11. Knoble, L.L., Chapelle, F.H., and Meisler, Harold, in press, Geochemistry of the northern Atlantic Coastal Plain: U.S. Geo-
logical Survey Professional Paper 1404-1..

12. Knobel, L.L., Chapelle, F.H., and Phillips, S.W., 1987, Overview of geochemical processes controlling the chemistry of
ground water in the Aquia and Magothy aquifers, Northern Atlantic Coastal Plain, Maryland, in Vecchioli, John, and
Johnson, A.L, eds., Regional Aquifer Systems of the United States, Aquifers of the Atlantic and Gulf Coastal Plain: Amer-
ican Water Resources Association Monograph Series, no. 9, p. 25-37.

13. Knobel, L.L., Leahy, P.P., 1981, DUROV, a FORTRAN program for plotting chemical parameters on a hydrochemical facies
diagram: U.S. Geological Survey Water Resources Bulletin, October-December 1981, p. 34-41.

14. Knobel, L.L., and Phillips, Scott, 1988, Aqueous geochemistry of the Magothy aquifer, Maryland: U.S. Geological Survey
Water-Supply Paper 2323, 28 p.

15. Kull, TK., and Laczniak. R.J., 1987, Ground-water withdrawals from the confined aquifers of the Coastal Plain of Virginia,
1891-1983: U.S. Geological Survey Water-Resources Investigations Report 87-4049, 37 p.

16. Leahy, P.P., 1982, A three-dimensional ground-water flow model modified to reduce computer-memory requirements and
better simulate confining-bed and aquifer pinchouts: U.S. Geological Survey Water-Resources Investigations Report 82-
4023, 60 p.

17. Leahy, P.P., and Martin, Mary, 1994, Geohydrology and simulation of ground-water flow in the Northern Atlantic Coastal
Plain aquifer system: U.S. Geological Survey Professional Paper 1404-K, 81 p.

18. Leahy, P.P., Martin, Mary, and Meisler, Harold, 1987, Hydrologic definition of the Northern Atlantic Coastal Plain aquifer
system based on regional simulation, in Vecchioli, John, and Johnson, A.L, eds., Regional Aquifer Systems of the United
States, Aquifers of the Atlantic and Guif Coastal Plain: American Water Resources Association Monograph Series, no. 9,
p- 7-24.

19. Martin, Mary, 1987, Methodology and use of interfacing regional and subregional ground-water flow models: National
Water Well Association Solving Ground Water Problems with Models, Conference and Exposition, February 10-12, 1987,
Denver, Colorado, Proceedings, v. 2, p. 1022-1036.

20. in press, Ground-water flow in the New Jersey Coastal Plain: U.S. Geological Survey Professional paper 1404-H.

21. Meisler, Harold, 1980a, Plan of study for the Northern Atlantic Coastal Plain regional aquifer-system analysis: U.S. Geo-
logical Survey Water-Resources Investigations Report 80-16, 27 p.

1980b, Preliminary delineation of salty ground water in the Northern Atlantic Coastal Plain: U.S. Geological Survey
Open-File Report 81-71, 37 p.

23. 1989, The occurrence and geochemistry of salty ground water in the Northern Atlantic Coastal Plain: U.S. Geological
Survey Professional Paper 1404-D, 51 p.

24. Meisler, Harold, and Knoble, L.L., 1994, Documentation of hydrochemical facies data and ranges of dissolved-solids con-
centrations for the northern Atlantic Coastal Plain aquifer system, New Jersey, Delaware, Maryland, Virginia, and North
Carolina: U.S. Geological Survey Open-File Report 94-492, 6 p.

25. Meisler, Harold, Trapp, Henry, Jr., Leahy, P.P., Martin, Mary, Knobel, L.L., and Chapelle, F.H., 1986, Northern Atlantic
Coastal Plain regional aquifer-system study, in Sun, R.J., ed., Regional Aquifer-System Analysis Program of the U.S. Geo-
logical Survey--summary of projects, 1978-84: U.S. Geological Survey Circular 1002, p. 168-194.

26. Meisler, Harold, Leahy, P.P., and Knobel, L.L., 1984, Effect of eustatic sea-level changes on saltwater-freshwater relations
in the Northern Atlantic Coastal Plain: U.S. Geological Survey Water-Supply Paper 2255, 28 p.

22,

38 BIBLIOGRAPHY OF REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM OF THE U.S. GEOLOGICAL SURVEY, 1978-96



27. Meisler, Harold, Miller, J.A., Knobel, L.L., and Wait, R.L., 1988, Region 22, Atlantic and Eastern Gulf Coastal Plain, in
Back, William, Rosenshein, J.S., and Seaber, P.R., eds., Hydrogeology: Boulder, Colorado, Geological Society of Amer-
ica, Geology of North America, v. O-2, p. 209-218.

28. Meng, A.A., I11, and Harsh, J.F., 1988, Hydrogeologic framework of the Virginia Coastal Plain: U.S. Geological Survey
Professional Paper 1404-C, 82 p.

29. Trapp, Henry, Jr., Knobel, L.L., Meisler, Harold, and Leahy, P.P., 1984, Test well DO-CE 88 at Cambridge, Dorchester
County, Maryland: U.S. Geological Survey Water-Supply Paper 2229, 48 p.

30. Trapp, Henry, Jr., 1992, Hydrogeological framework of the Northern Atlantic Coastal Plain, in parts of North Carolina, Vir-
ginia, Maryland, Delaware, New Jersey, and New York: U.S. Geological Survey Professional Paper 1404-G, 59 p.

31. Trapp, Henry, Jr., and Meisler, Harold, 1992, The regional aquifer system underlying the Northern Atlantic Coastal Plain,
in parts of North Carolina, Virginia, Maryland, Delaware, New Jersey, and New York: U.S. Geological Survey Professional
Paper 1404-A, 33 p.

32. Vroblesky, D.A., and Fleck, W.B., 1991, Hydrogeologic framework of the Coastal Plain of Maryland, Delaware, and District
of Columbia: U.S. Geological Survey Professional Paper 1404-E, 45 p.

33. Wheeler, J.C., and Wilde, F.D., 1989, Ground-water use in the Coastal Plain of Maryland, 1900-80: U.S. Geological Survey
Open-File Report 87-540, 173 p.

34. Winner, M.D., Jr., and Coble, R.W., 1989, Hydrogeologic framework of the North Carolina Coastal Plain aquifer system:
U.S. Geological Survey Professional Paper 1404-1, 106 p.

35. Zapecza, O.S., 1989, Hydrogeologic framework of the New Jersey Coastal Plain: U.S. Geological Survey Professional
Paper 1404-B, 49 p.

36. , 1992, Hydrogeologic units in the Coastal Plain of New Jersey and their delineation by borehole geophysical meth-
ods, in Gohn, G.S,, ed., Proceedings of the 1988 U.S. Geological Survey Workshop on the Geology and Geohydrology of
the Atlantic Coastal Plain: U.S. Geological Survey Circular 1059, p. 45-51.

37. Zapecza, O.S., Voronin, Lois, and Martin, Mary, 1987, Ground-water withdrawals and water-level data used to simulate
regional flow in the major coastal plain aquifers in New Jersey: U.S. Geological Survey Water-Resources Investigations
Report 87-4038, 120 p.

NORTHERN GREAT PLAINS

The area of the Northern Great Plains regional aquifer-system study is about 300,000 square miles and
includes North Dakota and parts of South Dakota, Montana, Wyoming, and Nebraska. The Northern Great Plains
mostly is underlain by sandstone, limestone, shale, and some evaporite deposits. Ground water generally flows
northeastward across the area. The source of recharge is precipitation in topographically high areas. Ground water
generally travels hundreds of miles and discharges into topographically low areas of eastern North Dakota and South
Dakota and occurs as subsurface outflow into Canada. Some ground-water discharge also occurs as diffuse upward
leakage into overlying shallower aquifers.

Flow characteristics vary significantly between the predominantly carbonate aquifers in Paleozoic rocks (such
as the Madison Limestone) and the predominantly clastic aquifers in Mesozoic rocks (such as the Dakota Sand-
stone). Potential for flow between aquifers exists near recharge and discharge areas and in the interior part of the
study area, where hydraulic heads differ significantly between aquifers.

1. Anna, L.O., 1986, Geologic framework of the ground-water system in Jurassic and Cretaceous rocks in the Northern Great
Plains in parts of Montana, North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Professional Paper 1402-
B, 36 p.

2. Blankennagel, R.K., Miller, W.R., Brown, D.L., and Cushing, E.M., 1977, Report on preliminary data for Madison Lime-
stone test well no. 1, NE1/4SE1/4 sec. 15, T.57 N., R.65 W., Crook County, Wyoming: U.S. Geological Survey Open-File
Report 77-164, 110 p.

3. Brown, D.L., Blankennagel, R.K., MacCary, L.M., and Peterson, J.A., 1984, Correlation of Paleostructure and sediment dep-
osition in the Madison Limestone and associated rocks in parts of Montana, North Dakota, South Dakota, Wyoming, and
Nebraska: U.S. Geological Survey Professional paper 1273-B, 24 p.

4. Busby, J.F., Kimball, B.A., Downey, J.S., and Peter, K.D., 1995, Geochemistry of ground water in aquifers and confining
units of the Northern Great Plains in parts of Montana, North Dakota, South Dakota, and Wyoming: U.S. Geological Sur-
vey Professional Paper 1402-F, 146 p.

NORTHERN GREAT PLAINS 39



5. Busby, J.F., Plummer, L.N., Lee, R.W., and Hanshaw, B.B., 1991, Geochemical evolution of water in the Madison aquifer
in parts of Montana, South Dakota, and Wyoming: U.S. Geological Survey Professional Paper 1273-F, 89 p.

6. Butler, R.D., 1984, Hydrogeology of the Dakota aquifer system, Williston Basin, North Dakota, in Jorgensen, D.G., and
Signor, D.C., eds., Geohydrology of the Dakota Aquifer: National Water Well Association C.V. Theis Conferences on Geo-
hydrology, 1st, Lincoln, Nebraska, October 5-6, 1982, Proceedings, p. 99-108.

7. Case, H.L., III, 1984, Hydrology of Inyan Kara and Dakota-Newcastle aquifer system, South Dakota, in Jorgensen, D.G.,
and Signor, D.C., eds., Geohydrology of the Dakota Aquifer: National Water Well Association C.V. Theis Conferences on
Geohydrology, 1st, Lincoln, Nebraska, October 5-6, 1982, Proceedings, p. 147-165.

8. Cooley, M.E., 1983a, Linear features determined from Landsat imagery in Montana: U.S. Geological Survey Open-File
Report 83-936, map, scale 1:500,000, 2 sheets.

9. 1983b, Linear features determined from Landsat imagery in North Dakota: U.S. Geological Survey Open-File Report
83-937, map, scale 1:500,000.

10. 1983c¢, Linear features determined from Landsat imagery in South Dakota and parts of adjacent States: U.S. Geolog-
ical Survey Open-File Report 83-548, map, scale 1:500,000.

11. 1983d, Linear features determined from Landsat imagery in Wyoming: U.S. Geological Survey Open-File Report 83-
935, map, scale 1:500,000, 2 sheets.

12. 1986, Divisions of potential fracture permeability based on distribution of structures and linear features in sedimen-

tary rocks, Northern Great Plains--Rocky Mountains region of Montana, North Dakota, South Dakota, Wyoming, and
northern Nebraska: U.S. Geological Survey Miscellaneous Investigations Map 1-1687, scale 1:1,335,000.

13. Dinwiddie, G.A., and Downey, J.S., 1986, Northern Great Plains regional aquifer-system study, in Sun, R.J., ed., Regional
Aquifer-System Analysis Program of the U.S. Geological Survey--summary of projects, 1978-84: U.S. Geological Survey
Circular 1002, p. 50-71.

14. Dodge, K.A., and Levings, G.W., 1980, Measurements of discharge, gain or loss in flow, and chemical quality of the Poplar
and Redwater Rivers, northeastern Montana, October 24-25, 1979: U.S. Geological Survey Open-File Report 80-1210, 16
p-

15. Downey, J.S., 1982a, Geohydrology of the Madison and associated aquifers in parts of Montana, North Dakota, South
Dakota, and Wyoming: U.S. Geological Survey Open-File Report 82-914, 130 p.

16. 1982b, Machine-readable data files from the Madison Limestone and Northern Great Plains regional aquifer-system
analysis project, Montana, Nebraska, North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Water-
Resources Investigations Report 82-4107, 26 p.

17. 1983, Bedrock aquifers of the Northern Great Plains: American Society of Civil Engineers Specialty Conference,
Jackson, Wyoming, July 1983, Proceedings, p. 29-35.

1984a, Geohydrology of the Madison and associated aquifers in parts of Montana, North Dakota, South Dakota, and
Wyoming: U.S. Geological Survey Professional Paper 1273-G, 47 p.

19. 1984b, Hydrodynamics of the Williston Basin in the Northern Great Plains, in Jorgensen, D.G., and Signor, D.C.,
eds., Geohydrology of the Dakota Aquifer: National Water Well Association C.V. Theis Conferences on Geohydrology,
1st, Lincoln, Nebraska, October 5-6, 1982, Proceedings, p. 92-98.

18.

20. 1986, Geohydrology of bedrock aquifers in the Northern Great Plains in parts of Montana, North Dakota, South
Dakota, and Wyoming: U.S. Geological Survey Professional Paper 1402-E, 87 p.
21. 1988, Regional bedrock aquifers of the Northern Great Plains, north-central United States, in McLean, J.S., and

Johnson, A.L, eds., Regional Aquifer Systems of the United States, Aquifers of the Western Mountain Area: American
Water Resources Association Monograph Series, no. 14, p. 5-13.

22. Downey, 1.S., and Dinwiddie, G.A., 1988, The regional aquifer system underlying the Northern Great Plains in parts of
Montana, North Dakota, South Dakota, and Wyoming--summary: U.S. Geological Survey Professional Paper 1402-A, 64
p.

23. Downey, J.S., and Weiss, E.J., 1980, Preliminary data set for three-dimensional digital model of the Red River and Madison
aquifers: U.S. Geological Survey Open-File Report 80-746, 8 p.

24. Druse, S.A., Dodge, K.A., and Hotchkiss, W.R., 1981, Base flow and chemical quality of streams in the Northern Great
Plains area, Montana and Wyoming, 1977-78: U.S. Geological Survey Water-Resources Investigations Report 81-692, 60

P

25. Feltis, R.D., 1982a, Map showing altitude of the top of the Judith River Formation, Montana: U.S. Geological Survey Water-
Resources Investigations Report 82-4027, scale 1:1,000,000.

26. 1982b, Map showing total thickness of the Judith River Formation, Montana: U.S. Geological Survey Water-
Resources Investigations Report 82-4028, scale 1:1,000,000.

40 BIBLIOGRAPHY OF REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM OF THE U.S. GEOLOGICAL SURVEY, 1978-96



27. 1982¢, Map showing cumulative thickness of sandstone in the Judith River Formation, Montana: U.S. Geological
Survey Water-Resources Investigations Report 82-4038, scale 1:1,000,000.

28. 1982d, Map showing altitude of the top of the Swift Formation, Montana: U.S. Geological Survey Water-Resources
Investigations Report 82-4029, scale 1:1,000,000.

29. 1982e, Map showing total thickness of the Swift Formation, Montana: U.S. Geological Survey Water-Resources
Investigations Report 82-4031, scale 1:1,000,000.

30. 1982f, Map showing cumulative thickness of sandstone in the Swift Formation, Montana: U.S. Geological Survey
Water-Resources Investigations Report 82-4030, scale 1:1,000,000.

31. 1982¢g, Map showing altitude of the top of the Eagle Sandstone, Montana: U.S. Geological Survey Water-Resources
Investigations Report 82-4034, scale 1:1,000,000.

32. 1982h, Map showing total thickness of the Eagle Sandstone and Telegraph Creek Formation, Montana: U.S. Geolog-
ical Survey Water-Resources Investigations Report 82-4033, scale 1:1,000,000.

33. 1982i, Map showing cumulative thickness of sandstone in the Eagle Sandstone and Telegraph Creek Formation, Mon-
tana: U.S. Geological Survey Water-Resources Investigations Report 82-4032, scale 1:1,000,000.

34. 1982j, Map showing altitude of the top of the “Dakota Sandstone,” Montana: U.S. Geological Survey Water-
Resources Investigations Report 82-4036, scale 1:1,000,000.

35. 1982k, Map showing total thickness of the “Dakota Sandstone,” Montana: U.S. Geological Survey Water-Resources
Investigations Report 82-4037, scale 1:1,000,000.

36. 19821, Map showing cumulative thickness of sandstone in the “Dakota Sandstone,” Montana: U.S. Geological Survey
Water-Resources Investigations Report 82-4035, scale 1:1,000,000.

37. 1982m, Map showing altitude of the top of the Lakota Formation and equivalent rocks, Montana: U.S. Geological

Survey Water-Resources Investigations Report 82-4039, scale 1:1,000,000.

38. 1982n, Map showing total thickness of the Lakota Formation and equivalent rocks, Montana: U.S. Geological Survey
Water-Resources Investigations Report 82-4026, scale 1:1,000,000.

39. 19820, Map showing cumulative thickness of sandstone in the Lakota Formation and equivalent rocks, Montana: U.S.
Geological Survey Water-Resources Investigations Report 82-4040, scale 1:1,000,000.

40. 1982p, Map showing altitude of the top of the Fox Hills-Lower Hell Creek aquifer, Montana: U.S. Geological Survey
Water-Resources Investigations Report 82-4041, scale 1:1,000,000.

41. 19824, Map showing total thickness of the Fox Hills-Lower Hell Creek aquifer, Montana: U.S. Geological Survey
Water-Resources Investigations Report 82-4042, scale 1:1,000,000.

42, 1982r, Map showing cumulative thickness of sandstone in the Fox Hills-Lower Hell Creek aquifer, Montana: U.S.

Geological Survey Water-Resources Investigations Report 82-4043, scale 1:1,000,000.

43. Feltis, R.D., Lewis, B.D., Frasure, R.L., Rioux, R.P., Jauhola, C.A., and Hotchkiss, W.R., 1981, Selected geologic data from
the Northern Great Plains area of Montana: U.S. Geological Survey Water-Resources Investigations Report 81-415, 66 p.

44, Henderson, Thomas, 1985, Geochemistry of ground water in two sandstone aquifer systems in the Northern Great Plains in
parts of Montana, North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Professional Paper 1402-C, 84 p.

45. Hotchkiss, W.R., 1982, The ground water resource in Montana: Montana Environmental Quality Council Ground Water
Conference [Planning a Ground-water Strategy], Helena, Montana, 1982, Summary Proceedings, p. 5-8.

46. Kolm, K.E., and Peter, K.D., 1984, A possible relation between lineaments and leakage through confining layers in South
Dakota, in Jorgensen, D.G., and Signor, D.C., eds., Geohydrology of the Dakota Aquifer: National Water Well Association
C.V. Theis Conferences on Geohydrology, 1st, Lincoln, Nebraska, October 5-6, 1982, Proceedings, p. 121-134.

47. Larson, L.R., and Daddow, R.L., 1984, Ground-water quality data from the Powder River structural basin and adjacent
areas, northeastern Wyoming: U.S. Geological Survey Open-File Report 83-939, 56 p.

48. Lenfest, L.W., Jr., 1987, Evapotranspiration rates at selected sites in the Powder River basin, Wyoming and Montana: U.S.
Geological Survey Water-Resources Investigations Report 82-4105, 23 p.

49. Levings, G.W., 1981a, Selected drill-stem-test data from the Northern Great Plains area of Montana: U.S. Geological Survey
Water-Resources Investigations Report 81-326, 20 p.

50. 1981b, Selected hydrogeologic data from the Northern Great Plains area of Montana: U.S. Geological Survey Open-
File Report 81-534, 241 p.

51. 1982a, Potentiometric-surface map of water in the Eagle Sandstone and equivalent units in the Northern Great Plains
of Montana: U.S. Geological Survey Open-File Report 82-565, scale 1:1,000,000.

52. 1982b, Potentiometric-surface map of water in the Fox Hills-Lower Hills Creek aquifer in the Northern Great Plains

of Montana: U.S. Geological Survey Open-File Report 82-564, scale 1:1,000,000.

NORTHERN GREAT PLAINS 11



53. 1982c, Potentiometric-surface map of water in the Judith River Formation in the Northern Great Plains area of Mon-
tana: U.S. Geological Survey Open-File Report 82-562, scale 1:1,000,000.

54. 1982d, Potentiometric-surface map of water in the Lakota Formation and equivalent units in the Northern Great Plains
of Montana: U.S. Geological Survey Open-File Report 82-563, scale 1:1,000,000.

55. Levings, J.F., 1983, Hydrogeology and simulation of water flow in the Kootenai aquifer of the Judith basin, central Montana:
U.S. Geological Survey Water-Resources Investigations Report 83-4146, 39 p.

56. Levings, J.F., and Dodge, K.A., 1981, Selected hydrogeologic data from the Judith basin, central Montana: U.S. Geological
Survey Open-File Report 81-1015, 98 p.

57. Levings, J.F., Levings, G.W., Feltis, R.D., Hotchkiss, W.R., and Lee, R.E., 1981, Selective annotated bibliography of geol-
ogy and ground-water resources for the Montana part of the Northern Great Plains regional aquifer-system analysis: U.S.
Geological Survey Water-Resources Investigations Report 81-401, 91 p.

58. Lewis, B.D., and Hotchkiss, W.R., 1981, Thickness, percent sand, and configuration of shallow hydrogeologic units in the
Powder River basin, Montana and Wyoming: U.S. Geological Survey Miscellaneous Investigations Map 1-1317, scale
1:1,000,000, 6 sheets.

59. Lobmeyer, D.H., 1980, Preliminary potentiometric-surface map showing freshwater heads for the Lower Cretaceous rocks
in the Northern Great Plains of Montana, North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Open-File
Report 80-757, scale 1:1,000,000.

60. 1985, Freshwater heads and ground-water temperatures in aquifers of the Northern Great Plains in parts of Montana,
North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Professional Paper 1402-D, 11 p.

61. Lobmeyer, D.H., Anna, L.O., and Busby, J.F., 1982, Preliminary data for Northern Great Plains test well 1, NW1/4NE1/4
sec. 11, T.55N., R.77W.,, Sheridan County, Wyoming: U.S. Geological Survey Open-File Report 82-446, 72 p.

62. MacCary, L.M, 1984, Apparent water resistivity, porosity, and water temperature of the Madison Limestone and underlying
rocks in parts of Montana, Nebraska, North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Professional
Paper 1273-D, 14 p.

63. MacCary, L.M., Cushing, E.M., and Brown, D.L., 1983, Potentially favorable areas for large-yield wells in the Red River
Formation and Madison Limestone in parts of Montana, North Dakota, South Dakota, and Wyoming: U.S. Geological Sur-
vey Professional Paper 1273-E, 13 p.

64. Peter, K.D., 1984, Hydrochemistry of Lower Cretaceous sandstone aquifers, Northern Great Plains, in Jorgensen, D.G., and
Signor, D.C., eds., Geohydrology of the Dakota Aquifer: National Water Well Association C.V. Theis Conferences on Geo-
hydrology, 1st, Lincoln, Nebraska, October 5-6, 1982, Proceedings, p. 197-208.

65. Peter, K.D., Kolm, K.E., Downey, J.S., and Nichols, T.C., 1988, Lineaments--Significance criteria for determination and
varied effects on ground-water system--a case history in the use of remote sensing: American Society of Testing Material
Specific Technical Publication 1967, p. 46-68.

66. Peterson, J.A., 1978, Subsurface geology and porosity distribution, Madison Limestone and underlying formations, Powder
River Basin, northeastern Wyoming and southeastern Montana, and adjacent areas: U.S. Geological Survey Open-File
Report 78-783, 9 p.

67. 1984, Stratigraphy and sedimentary facies of the Madison Limestone and associated rocks in parts of Montana,
Nebraska, North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Professional Paper 1273-A, 34 p.

68. Plummer, L.N., Busby, J.F,, Lee, R W., and Hanshaw, B.B., 1990, Geochemical modeling of the Madison aquifer in parts
of Montana, Wyoming, and South Dakota: Water Resources Research, v. 26, no. 9, p. 1981-2014.

69. Rioux, R.P,, and Dodge, K.A., 1980, Hydrologic data from the Bull Mountains area, south-central Montana: U.S. Bureau
of Land Management Report, 146 p.

70. Stenzil, Sheila, Buss, Rebecca, and Busby, J.F., 1980, Maps showing dissolved-solids concentration of waters in the Red
River Formation and Mission Canyon Limestone in North Dakota, South Dakota, and parts of Wyoming and Montana:
U.S. Geological Survey Open-File Report 80-748, scale 1:1,000,000, 2 sheets.

71. Thayer, P.A., 1983, Relationship of porosity and permeability to petrology of the Madison Limestone in rock cores from
three test wells in Montana and Wyoming: U.S. Geological Survey Professional Paper 1273-C, 29 p.

72. U.S. Geological Survey, 1979, Plan of study for the Northern Great Plains regional aquifer-system analysis in parts of Mon-
tana, North Dakota, South Dakota, and Wyoming: U.S. Geological Survey Water-Resources Investigations Report 79-34,
20p.

73. Weimer, R.J., Emme, J.J., Farmer, C.L., Anna, L.O., Davis, T.L., and Kidney, R.L., 1982, Tectonic influences of sedimen-
tation, early Cretaceous, east flank of the Powder River basin, Wyoming and South Dakota: Colorado School of Mines
Quarterly, v. 77, no. 4, 61 p.

42 BIBLIOGRAPHY OF REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM OF THE U.S. GEOLOGICAL SURVEY, 1978-96



74. Weiss, Emanuel, 1982a, A computer program for calculating relative transmissivity input arrays to aid model calibration:
U.S. Geological Survey Open-File Report 82-447, 18 p.

75. 1982b, A model for the simulation of flow of variable density ground water in three dimensions under steady-state
conditions: U.S. Geological Survey Open-File Report 82-352, 66 p.

NORTHERN MIDWEST

The Northern Midwest regional aquifer-system analysis study area is about 161,000 square miles in parts of
Illinois, Indiana, Iowa, Minnesota, Missouri, and Wisconsin. Sandstones of Cambrian and Ordovician age are the
most permeable rocks in the area and constitute a regional aquifer system known as the Cambrian-Ordovician aqui-
fer system. The aquifer system contains three major aquifers--the St. Peter-Prairie du Chien-Jordan aquifer, the Iron-
ton-Galesville aquifer, and the Mount Simon aquifer. The aquifers are separated by low permeability shale, shaly
dolomite, or siltstone. :

The Cambrian-Ordovician aquifer system is a leaky-artesian system. Movement of ground water is partly cen-
trolled by low permeability confining units of shale, shaly dolomite, or siltstone. In the upland and outcrop areas
where the system is thin, water-table conditions exist. Much of the recharge occurs in those areas. Most of the
recharge water flows locally, less than a few miles, and discharges into nearby streams. The remainder of the
recharge moves slowly downward to deeper formations which are part of the regional confined ground-water flow
system.

The aquifer system is used extensively for industrial, municipal, and rural water supplies in the six States.
Hydraulic heads in the aquifer system in the heavily pumped Chicago-Milwaukee area have declined hundreds of
feet since the late 1800’s and to a lesser extent in other major metropolitan areas.

1. Balding, G.O., 1991, Changes in chloride concentration in water from municipal wells that tap aquifers in rocks of Cambrian
and Ordovician age in northeastern Illinois, 1915-84: U.S. Geological Survey Water-Resources Investigations Report 90-
4116,52 p.

2. Barnes, M.J., 1985, The extent and behavior of the mineralized water in the Mt. Simon Formation, northeastern Illinois:
DeKalb, Illinois, Northern Illinois University, Master of Science Thesis, 127 p.

3. Bennett, G.D., Kontis, A.L., and Larson, S.P., 1982, Representation of multiaquifer well effects in three-dimensional ground-
water flow simulation: Ground Water, v. 20, no. 3, p. 334-341.

4. Burkart, M.R., and Buchmiller, R.C., 1990, Regional evaluation of hydrologic factors and effects of pumping, St. Peter-Jor-
dan aquifer, Iowa: U.S. Geological Survey Water-Resources Investigations Report 90-4009, 44 p.

5. Delin, G.N., and Woodward, D.G., 1984, Hydrogeologic setting and potentiometric surfaces of regional aquifers in the Hol-
landale Embayment, southeastern Minnesota, 1970-80: U.S. Geological Survey Water-Supply Paper 2219, 56 p.

6. Emmons, P.J., 1987, An evaluation of the bedrock aquifer system in northeastern Wisconsin: U.S. Geological Survey Water-
Resources Investigations Report 85-4199, 48 p.

7. Fassnacht, T.L., 1982, A seismic reflection study of the Precambrian basement along the Illinois-Wisconsin State line:
DeKalb, Iilinois, Northern Illinois University, Master of Science Thesis, 103 p.

8. Franz, K.E., 1985, Geochemistry of the sandstone and Silurian aquifers in eastern Wisconsin: Syracuse, New York, Syracuse
University, Master of Science Thesis, 103 p.

9. Horn, M.A, 1983, Ground-water-use trends in the Twin Cities metropolitan area, Minnesota, 1880-1980: U.S. Geological
Survey Water-Resources Investigations Report 83-4033, 37 p.

10. Imes, J.L., 1985, The ground-water flow system in northern Missouri, with emphasis on the Cambrian-Ordovician aquifer:
U.S. Geological Survey Professional Paper 1305, 61 p.

11. Kontis, A.L., and Mandle, R.J., 1980, Data-base systern for Northern Midwest regional aquifer-system analysis: U.S. Geo-
logical Survey Water-Resources Investigations Report 80-104, 23 p.

12. 1988, Modifications of a three-dimensional ground-water flow model to account for variable water density and effects
of multiaquifer wells: U.S. Geological Survey Water-Resources Investigations Report 87-4265, 78 p.

13. Mandle, R.J., and Kontis, A.L., 1992, Simulation of regional ground-water flow in the Cambrian-Ordovician aquifer system
in the Northern Midwest, United States: U.S. Geological Survey Professional Paper 1405-C, 97 p.

14, Mossler, J.H., 1983a, Bedrock topography and isopachs of Cretaceous and Quaternary strata, east-central and southeastern
Minnesota: Minnesota State Geological Survey Miscellaneous Map Series M-52, scale 1:500,000, 2 sheets.

15. 1983b, Paleozoic lithostratigraphy of southeastern Minnesota: Minnesota State Geological Survey Miscellaneous
Map Series M-51, scale 1:500,000, 8 sheets.

NORTHERN MIDWEST 43



16. Nicholas, J.R., Sherrill, M.G., and Young, H.L., 1987, Hydrogeology of the Cambrian-Ordovician aquifer system at a test
well in northeastern Illinois: U.S. Geological Survey Water-Resources Investigations Report 84-4165, 30 p.

17. Siegel, D.I., 1989, Geochemistry of the Cambrian-Ordovician aquifer system in the Northern Midwest: U.S. Geological Sur-
vey Professional Paper 1405-D, 76 p.

18. 1990, Sulfur isotope evidence for regional recharge of saline water during continental glaciation, north-central United
States: Geology, v. 18, p. 1054-1056.
19. 1991, Evidence for dilution of deep, confined ground water by vertical recharge of isotopically heavy Pleistocene

water: Geology, v. 19, p. 433-436.

20. Siegel, D.1., and Begor, K.F., 1989, The geochemistry of the sandstone aquifer, southern Wisconsin, in Swain, L.A. and
Johnson, A.L, eds., Regional Aquifer Systems of the United States, Aquifers of the Midwestern area: American Water
Resources Association Monograph series, no. 13, p. 73-82.

21. Siegel, D.I., and Mandle R.J., 1984, Isotopic evidence for glacial meltwater recharge to the Cambrian-Ordovician aquifer,
north-central United States: Journal of Quaternary Research, v. 22, p. 328-335.

22. Steinhilber, W.L., and Young, H.L., 1979, Plan of study for the Northern Midwest regional aquifer-system analysis: U.S.
Geological Survey Water-Resources Investigations Report 79-44, 20 p.

23. 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, 136 p.

24. Woodward, D.G., 1984, Areal lithologic changes in aquifers in southeastern Minnesota as determined from natural-gamma
borehole logs: National Water Well Association Conference on Surface and Borehole Geophysical Methods in Ground
Water Investigations, San Antonio, Texas, February 7-9, 1984, Proceedings, p. 788-800.

25. 1985, Trends in municipal-well installations and aquifer utilization in southeastern Minnesota, 1880-1980: U.S. Geo-
logical Survey Water-Resources Investigations Report 83-4222, 99 p.
26. 1986, Hydrogeologic framework and properties of regional aquifers in the Hollandale embayment, southeastern Min-

nesota: U.S. Geological Survey Hydrologic Investigations Atlas HA-677, scale 1:1,000,000, 2 sheets.

27. Young, H.L., 1992, Summary of ground-water hydrology of the Cambrian-Ordovician aquifer system in the Northern Mid-
west: U.S. Geological Survey Professional Paper 1405-A, 55 p.

28. 1992, Hydrogeology of the Cambrian-Ordovician aquifer system in the Northern Midwest: U.S. Geological Survey
Professional Paper 1405-B, 99 p.

29. Young, H.L., Mackenzie, A.J., and Mandle, R.J., 1989, Simulation of ground-water flow in the Cambrian-Ordovician aqui-
fer system in the Chicago-Milwaukee area of the Northern Midwest, in Swain, L.A. and Johnson, A.IL., eds., Regional
Aquifer Systems of the United States, Aquifers of the Midwestern Area: American Water Resources Association Mono-
graph Series, no. 13, p. 39-72.

30. Young, H.L., Mandle, R.J., Kontis, A.L., and Siegel, D.I., 1989, The Cambrian-Ordovician regional aquifer system in the
Northern Midwest-a summary, in Swain, L.A., and Johnson, A .1, eds., Regional Aquifer Systems of the United States,
Aquifers of the Midwestern Area: American Water Resources Association Monograph Series, no. 13, p. 5-37.

31. Young, H.L., Siegel, D.I., Mandle, R.J., and Kontis, A.L., 1986, Northern Midwest regional aquifer-system study, in Sun,
R.J., ed., Regional Aquifer-System Analysis Program of the U.S. Geological Survey--summary of projects, 1978-84: U.S.
Geological Survey Circular 1002, p. 72-87.

NORTHERN ROCKY MOUNTAINS INTERMONTANE BASINS, MONTANA AND IDAHO

The Northern Rocky Mountains Intermontane Basins study area encompasses about 80,000 miZ. The study
area extends westward from the Northern Great Plains in Montana to the Columbia Plateau in western Idaho, and
northward from the Snake River Plain in Idaho to the United States-Canada border. Basin-fill deposits of Tertiary
and Quaternary age may be as much as 16,000 feet thick. Aquifers within basin-fill deposits in western Montana and
central and northern Idaho were the focus ot this study. The term “basin” is used to refer to structurally defined areas
and features that contain unconsolidated to poorly consolidated deposits. About 70 basins were delineated and data
were collected and compiled for about 54 basins.

The basin-fill aquifers supply water for many purposes; the largest use of ground water is for irrigation and
public supply. Total ground-water withdrawals during 1985 were estimated at 400 Mgal/d.
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OAHU, HAWAII

The Island of Oahu has a land area of 604 square miles and was formed through building and subsequent coa-
lescence of two shield volcanoes, the Waianae and Koolau Volcanoes. The Waianae Volcano forms the western part
of Oahu, and the Koolau Volcano forms the eastern part. A long period of quiescence followed the initial mountain
building. During the quiescence, both volcanoes were deeply eroded. The Waianae Volcano became dormant first,
and the westward dipping flows of the Koolau Volcano overlapped the eroded surface of the Waianae Volcano in the
central part of the island. Subsidence of Oahu submerged permeable lava flows and placed them in hydraulic contact
with the surrounding ocean water. Shifts in sea level and erosion allowed deposits of marine and terrestrial sedi-
ments to accumulate behind barrier reefs, forming coastal plains in some areas.

A regional aquifer system in volcanic rocks derived from the Waianae and Koolau Volcanoes is subdivided
areally by geohydrologic barriers such as dikes. Fresh ground water occurs on Oahu as a basal lens floating on salt-
water, as dike-impounded water, and as water perched above the basal aquifer. The first well was drilled near Hono-
lulu in 1879. Ground-water withdrawals for 1901 are estimated at about 18 Mgal/d and by 1915 exceeded 200
Mgal/d. Ground-water withdrawals averaged about 340 Mgal/d for the period 1961-85 and ranged from about 160
to 413 Mgal/d.
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PUGET-WILLAMETTE LOWLAND, WASHINGTON AND OREGON

The Puget-Willamette Lowland is located in western Washington, western Oregon, and a small part of south-
western British Columbia, Canada. The study area extends from near the Fraser River in British Columbia to just
south of Cottage Grove in Oregon. The Puget-Willamette Lowland consists of two distinct aquifer systems, the
Puget Sound Lowland aquifer system in Washington and Canada and the Willamette Lowland aquifer system in Ore-
gon. The study covers an area of about 27,400 square miles, of which the Puget Sound Lowland covers about 16,200
square miles (including about 2,500 square miles of saltwater area) and the Willamette Lowland is about 11,200
square miles.

Alluvium, glacial, and interglacial sediments comprise the aquifer system in the Puget Sound Lowland area.
These deposits consist principally of river alluvial, recessional and advance outwash, till, and other glaciofluvial and
interglacial sediments. In the Willamette Lowland, alluvial basin-fill sediments and basalt comprise the aquifer sys-
tem. Tertiary sedimentary, volcanic and metamorphic rocks form the lateral and basal boundaries of both aquifer
systems. Recent, large increases in population are increasing the demands for water supplies. Ground water is an
important source of supply in the study area, but some problems--such as saltwater intrusion from Puget Sound and
upconing of salt water in the Willamette Lowland--have been associated with increases in ground-water withdraw-
als.
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SAN JUAN BASIN, ARIZONA, COLORADO, NEW MEXICO, AND UTAH

The San Juan structural basin, in New Mexico, Colorado, Arizona, and Utah, has an area of about 21,600
square miles. The regional aquifer-system analysis study of the San Juan Basin includes rocks of Triassic or younger
age which underlie about 19,400 square miles of the structural basin. Annual precipitation in the mountainous areas
along the northern and eastern margins of the basin ranges from 20 to 30 inches, whereas the lower-altitude central
part of the basin receives 10 or fewer inches per year. Altitudes in the study area range from about 4,500 feet in the
northwest to about 11,000 feet in the southeast.

The San Juan structural basin contains a thick sequence (more than 14,000 feet) of sedimentary rocks ranging
in age from Cambrian through Tertiary. These sedimentary rocks dip from the basin margins toward the trough-like
structural center of the basin. The older sedimentary rocks crop out around the basin margins and are successively
overlain by younger rocks toward the structural center of the basin. Tertiary volcanic rocks and various Quaternary
deposits also are present in the basin.

The most important of the eight regional aquifers in the study area are in permeable rocks of the Morrison
Formation, Gallup Sandstone, and Dakota Sandstone. Ground water is an important resource in much of the San
Juan Basin, because surface water has been fully appropriated or is not available. Historically, the main uses of
ground water were for municipal, domestic, and stock purposes. However, since the late 1970’s competition has
been great among electric-power companies, municipalities, Indian communities, and mining companies for rights
to use the limited ground-water resource in the basin.
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SNAKE RIVER PLAIN, IDAHO

The Snake River Plain covers an area of about 15,600 square miles that extends across southern Idaho into
eastern Oregon. The Snake River descends 2,930 feet along its 502-mile course through the study area. The surface
of the plain decreases in altitude from about 6,000 feet above sea level in the northeast to 2,100 feet in the west.
Average annual precipitation on much of the plain is less than 10 inches, one-third to one-half of which falls during
the growing season from April through September. Most water available to the plain originates as snow on surround-
ing mountains, which are as much as 12,000 feet above sea level. Annual precipitation in the mountains is as much
as 60 inches.

The eastern part of the Snake River Plain is basically a downwarped basin filled with basalt rocks of Quater-
nary age. Near the margins, unconsolidated sedimentary rocks overlie and are intercalated with the basalt. The tops
of basalt flows are typically broken and have large values of hydraulic conductivity. Consequently, thick sections of
basalt, which include many separate flows, store and yield large quantities of water. In places, the basalt aquifer may
be several thousand feet thick. About two-thirds of the ground water discharged from the eastern plain is through a
series of springs that flow to the Snake River, including 11 that discharge an average of more than 100 cubic feet per
second.

The western part of the plain is a graben bounded by well-defined high-angle faults. Tertiary and Quaternary
sedimentary rocks of variable thickness are the predominant fill material. Ground-water discharge to the Snake
River in the western plain is small relative to that in the eastern plain.

The economy of southern Idaho is based largely on agriculture, which is dependent on an adequate supply of
water for irrigation. In the past, most water for irrigation was obtained from the Snake River. By the early 1950’s,
ground water was also a major source of water for irrigation. About 2 million acre-ft of ground water was withdrawn
during 1980.
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SOUTHERN CALIFORNIA BASINS

The regional aquifer-system analysis study of the southern California basins covers an area of 75,000 square
miles. The area includes 89 drainage basins that can be grouped according to common characteristics and relations
into coastal and desert basins. Because of the large size of the study area and the large number of basins involved,
it is impractical to study each basin in detail. Therefore, a coastal basin and a desert basin were selected for intensive
study. .

The coastal basin selected for intensive study is the Santa Clara-Calleguas basin, and the desert basin is the
Mojave basin.
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SOUTHWEST ALLUVIAL BASINS, ARIZONA

The study includes an area of about 82,000 square miles in southern and central Arizona and parts of Califor-
nia, Nevada, and New Mexico and contains 72 basins that generally are separate hydrologic entities. The boundaries
between basins generally correspond to surface-water drainage divides, ground-water divides, or areas of minimal
interbasin connection. The study area is characterized by sharply rising mountains that separate wide, flat basins
filled with varying amounts of alluvial deposits. These alluvial deposits form the major aquifers and store large
amounts of water.

The basins were formed 10 to 15 million years ago when movement along high-angle normal faults down-
dropped the basins in relation to the mountain masses. The result was a series of generally northwest-trending
basins. The formation of basins was a gradual process that was accompanied by deposition of locally derived sedi-
ments. The alluvial deposits range in thickness from a few thousand feet to more than 10,000 feet.

Ground-water withdrawals during 1915 are estimated at about 120 thousand acre-ft. Withdrawals increased
to almost 4 million acre-ft by 1953 and ranged between 4 and 6 million acre-ft for the period 1954-83.
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SOUTHWEST ALLUVIAL BASINS, NEW MEXICO

The study of alluvial basins in central and southern New Mexico and adjacent parts of Colorado and Texas
covers a total area of 70,000 square miles. The basins are bounded on the north, east, and west mainly by Precam-
brian crystalline rocks, Paleozoic and Mesozoic sedimentary rocks, and Tertiary volcanic rocks. The southern
boundary of the study area is the Mexico-United States International Boundary.

Alluvial sediments in the basins were derived from surrounding highlands and mountains. The alluvial sedi-
ments are composed of flood-plain deposits and sediments of the Tertiary and Quaternary Santa Fe Group. The Santa
Fe Group consists of unconsolidated to moderately consolidated lenticular deposits of gravel, sand, and clay inter-
bedded in some places with volcanics.

Precipitation in the uplifted mountainous blocks east and west of the basins is the source of the surface water
which eventually recharges the aquifers near the base of the mountains where infiltration rates are high. The other
source of recharge is seepage from the Rio Grande. Most municipal and industrial wells in the study area are com-
pleted in the Santa Fe Group.
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UPPER COLORADO RIVER BASIN

The Upper Colorado River Basin has a drainage area of about 113,500 square miles in western Colorado, east-
ern Utah, southwestern Wyoming, northeastern Arizona, and northwestern New Mexico. The area contains a variety
of landforms including rugged mountains, broad plains, deeply dissected canyons, relatively flat flood plains, and
many erosional features. The area has been subjected to repeated tectonism. The predominant tectonic features are
numerous basins and uplifts. The resulting structural relief is nearly 30,000 feet.

Consolidated sedimentary rocks of Paleozoic, Mesozoic, and Tertiary age attain a maximum thickness of tens
of thousands of feet. Those rocks include fractured limestone, dolomite, and sandstone aquifers. Annual precipita-
tion ranges from about 6 inches on the plains of Utah to about 40 inches in the mountains. Precipitation, in the form
of snow and rainfall, is the major source of recharge to the aquifers. Several aquifers that are deeply buried in basins
are exposed on margins of uplifts, where precipitation recharges the aquifers. Some aquifers in Tertiary rocks tend
to be exposed and recharged over extensive areas.

Aquifer systems in the Upper Colorado River Basin have been grouped into three major groups. In descending
order, they are the: (1) Tertiary-rock aquifers, (2) Mesozoic-rock aquifers, and (3) Paleozoic-rock aquifers. Within
each aquifer group, rocks are further divided into aquifers and confining units on the basis of lithology, depositional
environment, and hydrologic characteristics. Twenty-five aquifers and confining units have been identified for the
Upper Colorado River Basin regional aquifer system.
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NATIONAL GROUND WATER ATLAS

The Ground Water Atlas of the United States is a unified, comprehensive summary of the Nation’s ground-
water resources and serves as a basic reference for the location, geography, geology, and hydrology of the major
aquifers of the Nation. The atlas was compiled as part of the Regional Aquifer-System Analysis (RASA) Program.

The atlas, which is designed in a graphical format, is supported by descriptive discussions and is composed
of 14 chapters. The introductory chapter presents a national overview of the ground-water conditions, describes
effects of development such as saltwater encroachment and land subsidence on the ground-water flow system, and
includes a map that shows locations of major aquifers. The remaining 13 chapters describe ground-water conditions
in regional segments (fig. 2). The 13 regional segments collectively cover the 50 States and Puerto Rico and describe
geologic and hydrologic conditions for the major aquifers in each regional area. The scale of the atlas does not allow
portrayal of local features of the geology and hydrology of the aquifers described, nor does it include discussion of
minor aquifers in the region. However, readers who seek detailed, local information on specific aquifers can find
extensive lists of references at the end of each chapter.
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