GRrounND WATER ATLAS

OoF THE UNITED STATES

SEGMENT 2

Arizona
Colorado

New Mexico
dtah

HYDROLOGIC INVESTIGATIONS ATLAS 730-C
d.S. Geological Survey

S =~
P s

Reston, Virginia
1995



GROUND WATER ATLAS OF THE UNITED STATES
Hydrologic Investigations Atlas 730-C

FOREWORD

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

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

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

and land subsidence.
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ATLAS ORGANIZATION

The Ground Water Atlas of the United States is divided into 14 chapters. Chapter A presents
introductory material and nationwide summaries; chapters B through M describe all
principal aquifers in a multistate segment of the conterminous United States; and chapter
N describes all principal aquifers in Alaska, Hawaii, and Puerto Rico.

CONVERSION FACTORS

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

Multiply inch-pound units By To obtain metric units
Hydorologic
Length Segment Chapter content Atlas
inch (in) 25.4 millimeter (mm) Number Chapter
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km) — Introductory material and nationwide summaries 730-A
1 California, Nevada 730-B
Area : :
square mile (mi?) 2.590 square kilometer (km?) 2 Arizona, Colorado, New Mexico, Utah 730-C
3 Kansas, Missouri, Nebraska 730-D
Flow
. . 4 Oklahoma, Texas 730-E
gallon per minute (gal/min) 0.06309 liter per second (L/s) . .
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m?/s) 5 Arkansas, Louisiana, Mississippi 730-F
billion gallons per day (Bgal/d) 3.785 million cubic meters per day (Mm?3/d) 6 Alabama, Florida, Georgia, South Carolina 730-G
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m?/s) 5 Idaho, Oregon, Washington 730-H
acre-foot per year 0.00003909 cubic meter per second (m?/s) 8 M North Dak % Bak W ) 730-1
- 1,233 cubic meter (m?) ontana, Nort| akota, Sout akota, Wyoming -
s 9 lowa, Michigan, Minnesota, Wisconsin 730-J
Transmissivity o . .
10 lllinois, Indiana, Kentucky, Ohio, Tennessee 730-K
foot squared per day (ft/d) 0.0929 meter squared per day (m?/d)
11 Delaware, Maryland, New Jersey, North Carolina, 730-L
Temperature Pennsylvania, Virginia, West Virginia
degree Fahrenheit (°F) 5/9(°F=32)=°C degree Celsius (°C) 12 Connecticut, Maine, Massachusetts, New Hampshire, 730-M
New York, Rhode Island, Vermont
Sea Level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD 13 Alaska, Hawaii, Puerto Rico 730-N

of 1929) —a geodetic datum derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called Sea Level Datum of 1929.
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INTRODUCTION

This chapter of the Ground Water Atlas of the United
States describes the aquifers in Arizona, Colorado, New
Mexico, and Utah. These four States, which comprise Segment
2 of this Atlas, are located in the Southwestern United States
and extend from the rolling grasslands of the Great Plains on
the east across the Rocky Mountains and Continental Divide
to the desert basins of the Southwest. The 425,000-square-

Regional
summary

mile area ranges in altitude from about 14,400 feet above sea
level in the Rocky Mountains of Colorado to about 100 feet
near the lower Colorado River in southwestern Arizona. All the
ground water in Segment 2 ultimately is derived from infiltra-
tion of precipitation, which varies considerably with the alti-
tude and topography of the area.

The Great Plains Physiographic Province of the Central
United States extends into eastern Colorado and New Mexico
(fig. 1), where flat to rolling prairie (fig. 2) with scattered hills
and bluffs gradually rises westward to 5,000 to 7,000 feet
above sea level and abruptly gives way to the frontal ranges
of the Rocky Mountains in the Southern Rocky Mountain and
Basin and Range Physiographic Provinces. West of the frontal
ranges in Colorado and northern New Mexico are additional
and higher mountain ranges generally oriented north-south but
with many spurs and extensions oriented in other directions.
The many ranges of the Rocky Mountains are separated by
valleys and high mountain parks (fig. 3). Colorado contains
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F igure 1. The four-State area of Segment 2 consists of parts 0 50 100 MILES -
of six physiographic provinces. The geology, terrain, climate, and 0 80 100 KILOMETERS
vegetation in each province can be distinct from that of adjacent

provinces.

S.W. Lohan,U.S.GoIoiclrvey
Figure 5. Rugged canyons such as these in southern Utah

extend for about 200 miles along the Colorado River and its
tributaries upstream from the Grand Canyon.
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U.S. Geological Survey
digital data, 1:2,000,000, 1972

W.B.Hamilton, U.S. Geological Survey
Figure 6. The desert valleys of southern Arizona generally are
bordered by small mountain ranges. The valleys slope gently to dry
stream channels or dry lakebeds.

Physiographic provinces

Southern Rocky Mountains

Middle Rocky Mountains

Figure 7. The population density of much of Segment 2 0 &5
is less than eight persons per square mile. Counties containing
large metropolitan areas such as Albuquerque, Denver, Phoenix,
Salt Lake City, and Tucson are more densely populated.

about three-fourths of the Nation’s land area above 10,000 feet
and has 53 mountain peaks higher than 14,000 feet. Most of
these high peaks are located near the Continental Divide (fig.
1), which extends approximately north-south through central
Colorado and western New Mexico. The altitude of the divide
decreases in southern New Mexico to less than 4,500 feet in a
few areas.

Farther westward, the mountains are less prevalent and
are interspersed with broad structural basins. These basins and
the broad valleys of the middle Colorado River and its tribu-
taries form the irregular intermontane topography of the Colo-
rado Plateaus Physiographic Province (fig. 4). Plateaus and
high mesas are formed where the surface has been dissected
by rugged canyons carved by the Colorado River and its tribu-
taries (fig. 5). The largest of these canyons—the Grand Can-
yon—extends about 220 miles southwestward from the mouth
of the Little Colorado River in Arizona and ranges from 4 to 18
miles in width and from 2,700 to 5,700 feet in depth below the
rim.

Small mountain ranges and intervening broad desert
valleys of the Basin and Range Physiographic Province are
prevalent to the west and south of the Colorado Plateaus in
western Utah, southern Arizona, and southern New Mexico
(fig. 1). These mountain ranges generally protrude 3,000 to
6,000 feet above the surrounding valley floor (fig. 6) and com-
monly extend from 20 to 50 miles in a north or northwesterly
direction.

Small parts of the Middle Rocky Mountains and Wyoming
Basin Physiographic Provinces extend into northwestern
Colorado and northeastern Utah (fig. 1). The topography,

geology, and hydrology of the two areas are described in Chap-
ter [ of this Atlas.

Four of the Nation’s major river systems have headwa-
ters in the mountainous areas of Segment 2. The South Platte
River of the Missouri River system drains the eastern slope of
northern Colorado; the Arkansas River and its tributary, the Ca-
nadian River, drain southeastern Colorado and northeastern
New Mexico; the Rio Grande and its tributary, the Pecos River,
drain south-central Colorado and central New Mexico; and the
Colorado River and its tributaries drain Arizona, eastern Utah,
northwestern New Mexico, and western Colorado (fig. 1).
Western Utah is drained by numerous streams that terminate
in local desert basins, the Great Salt Lake, or other local lakes
and reservoirs. Because the Great Salt Lake lies in the Great
Basin, which is the largest closed basin in North America, it
has no outlet to the sea. The salinity of the lake water is about
20 percent or about 6 times the salinity of seawater.

Most of Segment 2 is sparsely populated. The average
population density of counties is less than 8 persons per square
mile in about 65 percent of the four-State area (fig. 7). Popu-
lation densities range from less than 0.5 person per square mile
in a few rural counties to more than 4,000 persons per square
mile in populous urban areas. The 1990 population of the four
States was about 10 million; almost 70 percent of this popu-
lation was in Arizona and Colorado. Most land in Segment 2
is undeveloped forest grassland, or desert shrubland, much of
which is used for livestock grazing. Land used for production
of commercial crops primarily is in eastern Colorado and east-
ern New Mexico.

F ig ure 2. The Great Plains of eastern Colorado and eastern
New Mexico generally consist of flat to rolling land that is used
for grazing, dryland farming, or irrigated agriculture.

W.B.Hamilton, U.S. Geological Survey
Fi ig ure 3. The Rocky Mountains comprise numerous mountain

ranges that contain rugged mountains and steep valleys. Adjacent

mountain ranges are separated by larger valleys and broad inter-

montane parks.

Data from U.S. Bureau
of the Census, 1983
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Figure 4. The Colorado River in western Colo-
rado has a broad, gently sloping valley that is bor-
dered by mountains and by canyon walls that be-
come more rugged farther down the Colorado River.
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CLIMATIC CONDITIONS

The varied topographic settings of Segment 2 have dif-
fering climatic conditions primarily because of differences in
altitude. Temperature generally decreases and precipitation
generally increases with increased altitude. The Great Plains,
Colorado Plateaus, and Basin and Range Physiographic Prov-
inces generally have abundant sunshine, moderate to high
wind, low relative humidity, a large daily range in temperature,
and little precipitation. In the Great Plains, about 60 to 80
percent of the annual precipitation falls during April to Sep-
tember, primarily from thunderstorms. Winter generally is the
driest season. Average annual precipitation ranges from about
12 to 16 inches on the plains of New Mexico and Colorado
(fig. 8). The slightly larger rates of precipitation near the east-
ern boundaries of Colorado and New Mexico are part of a
general eastward increase in precipitation across the central
part of the Nation.

The rugged and varied topography of the Colorado
Plateaus causes diverse climatic conditions. Alpine climatic
conditions may occur in the higher altitudes of the various
mountain ranges in the area. Less precipitation and higher
temperatures prevail at lower altitudes, where semiarid, desert-
like conditions are present in some valleys and basins. Aver-
age annual precipitation ranges from about 8 to 16 inches in
the plateau areas (4,000-9,000 feet altitude) to more than 30
inches in the high mountain ranges (fig. 8). Most of the pre-
cipitation occurs in winter and spring and comes from east-
ward-tracking Pacific storm systems. Summer rainfall occurs
almost entirely during brief, but often intense, thunderstorms
that produce 20 to 40 percent of the annual precipitation.
Winter storms produce either snow or rain in the southern
valleys. In some mountainous areas, 10 feet or more of snow-
pack may accumulate.

Arid to semiarid climatic conditions exist in most of the
Basin and Range area. Average annual precipitation ranges
from less than 4 inches in southwestern Arizona to about 16
inches in western Utah. Rainfall occurs from widespread winter
storms and from sporadic, local summer thunderstorms; many
months may elapse between periods of measurable rainfall at
a given location.

The climate of the Rocky Mountains is greatly affected
by differences in altitude and, to a lesser extent, by the orien-
tation of the mountain ranges and valleys with respect to the
general eastward movement of storm systems that originate
in the Pacific Ocean. Rain-shadow effects tend to decrease pre-
cipitation on leeward slopes of mountain ranges and to in-
crease precipitation on windward slopes. The eastern slopes
of the Continental Divide generally receive less precipitation
than do the western slopes because of this rain-shadow effect.

Precipitation in the Rocky Mountains is more evenly dis-
tributed throughout the year than that in the other physi-
ographic provinces of Segment 2. Most precipitation occurs
as snowfall from the large Pacific storm systems in the winter
months; June is one of the driest months. Average annual
snowfall ranges from about 5 feet to more than 35 feet. By
August, most of the mountain snowpack has melted. Peren-
nial snow fields occur in only a few small, sheltered areas at
high altitude.

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

Figure 8. The average annual precipitation in Segment 2
ranges from less than 4 inches in the southwestern deserts of
Arizona to more than 30 inches in parts of the Rocky Mountains.

Some of the precipitation that falls on the land surface
in Segment 2 flows directly into streams and rivers as direct
runoff, and some precipitation infiltrates the soil and under-
lying aquifers and moves laterally to discharge into streams
and rivers as baseflow. Direct runoff and baseflow are com-
bined and mapped as average annual runoff in figure 9. In
Segment 2, average annual runoff ranges from less than 0.2
inch to about 1 inch in most of the nonmountainous parts of
the area. The small quantity of precipitation in this area, com-
bined with relatively flat topography, porous soils, and gen-
eral aridity causes most precipitation to be retained as soil
moisture, which later evaporates or is transpired by plants
rather than forming runoff. In the mountainous areas, the
steeper topography, thin to nonexistent soils, cooler tempera-
tures, and larger quantities of precipitation cause greater
runoff, which can exceed 30 inches per year in some areas.

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

Figure 10. Average annual evaporation is as much as 140
inches in western Arizona and is in excess of annual precipitation
in almost all of Segment 2.
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Fi lgure 9. The average annual runoff in streams and rivers in 0 50 100 MILES
the area varies greatly. The largest runoff occurs in mountainous 0 50 100 KILOMETERS
areas; lesser runoff occurs in the eastern plains and desert basins.

The generally clear skies, low relative humidity, wind, and
moderate to high temperatures in the nonmountainous parts
of Segment 2 cause large rates of evaporation. Much of the
precipitation returns to the atmosphere through evaporation
of surface water, transpiration by plants, or sublimation of snow
and ice. The annual rate of potential evaporation, as measured
by standard evaporation pans, ranges from about 45 inches
in the mountainous areas of northern Utah and north-central
Colorado to about 140 inches in southwestern Arizona
(fig. 10). Potential annual evaporation generally exceeds av-
erage annual precipitation throughout Segment 2 and is as
much as 35 times the annual precipitation in a small area
along the Colorado River in southwestern Arizona. Evapora-
tion greatly in excess of precipitation removes most surface
water and soil moisture before the water can percolate below
the root zone of plants and recharge an underlying aquifer.

Recharge from precipitation generally ranges from zero
to a few inches per year in Segment 2 but is extremely vari-
able because it is affected by such factors as aquifer depth,
thickness and permeability of soil and confining layers, land-
surface slope and aspect, precipitation intensity and duration,
and the temperature, wind, and relative humidity. In the parts
of Segment 2 where geologic conditions do not preclude re-
charge, recharge from precipitation might only occur during
the slow melting of a winter snowpack or during an extended
period of winter rainfall when excess soil moisture is main-
tained.
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Figure 11. All or part of six major aquifers or aquifer
systems are present in Segment 2. Three are in relatively
unconsolidated sediments; three are in more consolidated
rocks. A seventh aquifer, the Pecos River Basin alluvial
aquifer, is discussed in Segment 4 of this Atlas.
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MAJOR AQUIFERS AND
AQUIFER SYSTEMS

All or part of six major aquifers or aquifer systems are
present in Segment 2 (fig. 11). Four are in relatively uncon-
solidated sediments of Tertiary or Quaternary age; three are
in more consolidated rocks of Tertiary, Cretaceous, or older
age. A small part of a seventh aquifer, the Pecos River Basin
alluvial aquifer, is present in extreme southeastern New Mexico,
and extends into Texas. This aquifer is discussed in Chapter
E of this Atlas, which pertains to Texas and Oklahoma.

The three aquifers or aquifer systems in unconsolidated
sediments are (1) the Basin and Range aquifers in southern
Arizona and western Utah, (2) the Rio Grande aquifer system
of southern Colorado and central New Mexico, and (3) the High
Plains aquifer of eastern Colorado and eastern New Mexico.

Surficial aquifers occur primarily at shallow depth in un-
consolidated sediments along parts of major river valleys in
Segment 2. Individual stream-valley aquifers mostly are small
and separate from aquifers in other valleys or from distant
aquifers in the same valley. Only in the valleys of the South
Platte and the Arkansas Rivers of eastern Colorado are the
aquifers large and continuous enough to form a major aqui-
fer; therefore, the stream-valley aquifers are not mapped in
figure 11.

The Basin and Range aquifers and the Rio Grande aqui-
fer system generally consist of unconsolidated gravel, sand,
silt, and clay, or partly consolidated sedimentary or volcanic
materials. These materials have filled deep fault-block valleys
formed by large vertical displacement across faults. Mountain
ranges that generally consist of impermeable rocks separate
adjacent valleys. When mountains encircle a valley, the aqui-

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

Figure 12. This simplified

fer in the valley is isolated, and ground water is contained
within the valley. However, most valleys are interconnected,
and ground water moves from valley to valley through the in-
terconnected network of aquifers. The Basin and Range aqui-
fers extend westward beyond Segment 2 into California, Ne-
vada, Oregon, and Idaho; the Rio Grande aquifer system ex-
tends southward beyond Segment 2 into Texas and Mexico.

The High Plains aquifer of eastern Colorado and eastern
New Mexico extends over a large area and is little affected by
faulting and deformation. The primarily unconsolidated to
poorly consolidated sediments of this aquifer extend beyond
Segment 2 into parts of Kansas, Nebraska, Oklahoma, South
Dakota, Texas, and Wyoming.

The three consolidated-rock aquifers or aquifer systems
are (1) in the Denver Basin of east-central Colorado, (2) the
Roswell Basin of southeastern New Mexico, and (3) the Colo-
rado Plateaus of northern Arizona, western Colorado, north-
western New Mexico, and eastern Utah.

The Denver Basin aquifer system consists of a layered
sequence of four aquifers in beds of permeable conglomerate,
sandstone, and siltstone. Layers of relatively impermeable
shale separate the aquifers and impede the vertical movement
of ground water between the aquifers. The northern part of this
aquifer system underlies the surficial aquifer of the South Platte
River. Although the Denver Basin aquifer system and the
surficial aquifer are hydraulically connected in part of this area,
they primarily function as separate aquifer systems.

The Roswell Basin aquifer system consists of an under-
lying carbonate-rock aquifer and a hydraulically connected,
overlying alluvial aquifer. The carbonate-rock aquifer primarily
has been formed by solution openings in extensive limestone
and dolomite formations of Permian age. The alluvial aquifer
is in unconsolidated gravel, sand, silt, and clay that overlies

the eastern part of the carbonate-rock aquifer. The alluvial
aquifer hydraulically connects the carbonate-rock aquifer with
surface flow in the Pecos River, which flows through the
Roswell Basin.

The Colorado Plateaus aquifers are contained in a thick
sequence of poorly to well-consolidated conglomerate, sand-
stone, siltstone, and shale. Volcanic rocks, carbonate rocks,
and evaporite deposits in the area also can yield water to wells.
Structural deformation, faulting, and lateral changes in the li-
thology of the rocks have produced a complex sequence of
water-yielding layers.

Some parts of Segment 2 are shown in figure 11 as
having no major aquifers. In some areas, aquifers either do not
exist or yield too little water to wells to be significant. In other
areas, small aquifers yield sufficient water to supply local re-
quirements but are not extensive enough to be classified as a
major aquifer.

GEOLOGY

Aquifers in Segment 2 are present in geologic units that
are varied and complex (fig. 12) primarily because of exten-
sive deformation of the Earth’s crust associated with the up-
lift of the Rocky Mountains. Prior to the mountain-building
uplifts, most of the area was covered by an extensive layer of
sediments that had been deposited during the previous millions
of years. These layers of sediment were gradually buried and
altered to form layers of rock. Today, the Great Plains area of
eastern Colorado and eastern New Mexico is still underlain by
a relatively flat and undeformed sequence of these rocks
(fig. 13).
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GEOLOGY—Continued

The most recent uplift of the Rocky Mountains, which
began about 70 million years ago, faulted, deformed, and el-
evated the land surface and the underlying ordered layers of
rock. Faulting was prevalent, and a few faults developed more
than 20,000 feet of vertical offset. As uplift continued, erosion
removed the uppermost rocks and, in some areas, exposed
the underlying crystalline-rock core of the mountains. Today
these older crystalline rocks form many of the principal moun-
tain ranges in Segment 2. Uplift of the Colorado Plateaus
steepened stream gradients and accelerated the downcutting
of the Colorado River and its principal tributaries. Downcutting
of the Colorado River in the Grand Canyon has exposed thou-
sands of feet of sedimentary rocks (fig. 14).

Broad structural basins, such as the Black Mesa, San
Juan, Piceance, and Uinta (fig. 15), were formed between
some of the uplifted areas. These basins generally contain an
underlying, relatively undeformed sequence of rock that was
deposited in the area prior to uplift and an overlying younger
layer of rock and sediment that was derived from the erosion
of nearby uplifted areas. Smaller basins formed by block fault-
ing developed when a block of the Earth’s crust was displaced
downward with respect to adjacent uplifted blocks. Some of
these basins contain older sedimentary rocks or volcanic
rocks, and almost all contain a thick overlying sequence of
Tertiary and Quaternary sediment derived from erosion of
nearby uplifted blocks. The Basin and Range Province of west-
ern Utah and southern Arizona and the Rio Grande Rift area
of central New Mexico contain many of these basins.

Rocks of various geologic age have a wide surficial dis-
tribution (fig.12) because of the depositional history and de-
formation of the area. Deformation caused extensive faulting,
and faults commonly separate adjacent geologic units as in-
dicated in figure 13. Because faults or fault zones are numer-
ous or complex, they are not shown on the regional map
(fig. 12). Younger (Quaternary and Tertiary) geologic units
generally are less consolidated than the older units and can
form more permeable aquifers. Older (Early Paleozoic and Pre-
cambrian) geologic units generally are crystalline or well con-
solidated and do not readily yield water except from faults,
fractures, or solution openings.

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

Figure 16. The rate of ground-water withdrawal from wells
and springs is large in rural counties that have extensive irrigated
agriculture and limited availability of surface water. Many such
counties are in eastern Colorado, eastern New Mexico, southern
Arizona, and southwestern Utah.
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W.B. Hamilton, U.S. Geological Survey

Figure 14. Thousands of feet of layered sedi-
mentary rocks such as these at Mohave Point are
exposed in the rugged walls of the Grand Canyon.
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FRESH GROUND-WATER
WITHDRAWALS

During 1985, about 31,000,000 acre-feet of water was
used in Segment 2; about 28 percent, or 8,700,000 acre-feet
of this water was supplied from ground-water sources. (One
acre-foot is the volume of water that will cover 1 acre of land
to a depth of 1 foot, or about 43,560 cubic feet of water.) The
1985 rate of ground-water withdrawal within counties ranged
from less than 1,000 to about 1,700,000 acre-feet (fig. 16).
Counties that had small rates of ground-water withdrawal gen-
erally are in the mountains or the Colorado Plateaus, where
small population and little irrigated agriculture limit water re-
quirements. Surface water is more commonly available in the
mountains and along larger rivers, where it can be used in
preference to ground water. Rural counties that have large rates
of ground-water withdrawal commonly have extensive irrigated
agriculture and little surface water. Irrigated agriculture and a
large population cause large water demands in parts of Utah
and southern Arizona, where ground water is an important
source of supply.

During 1985, irrigation of commercial crops and water-
ing of livestock were the largest uses of ground water in Seg-
ment 2. Such agricultural use ranged from 51 percent of all
ground water withdrawn in Utah to 92 percent of all ground
water withdrawn in Colorado (fig. 17). Ground water withdrawn
for public supply was the second largest use of water in Seg-
ment 2. Public water supplies obtained from ground water
constituted as little as 4 percent of the total 1985 withdrawal
in Colorado to as much as 37 percent of the total 1985 with-
drawal in Utah. Ground water withdrawn for mining was the
principal use of ground water in several counties, primarily in
mountainous areas.
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Figure 17. The principal use of ground water in each county
in Segment 2 is indicated on the map. The total volume of ground
water withdrawn from wells and springs in each State during 1985
and the distribution of ground-water use in the State as a whole are
shown in the pie charts.
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INTRODUCTION

Surficial aquifers that are present in many parts of Seg-
ment 2 (fig. 18) generally contain the shallowest ground water
in the Segment. These aquifers consist of Quaternary depos-
its of alluvial gravel, sand, silt, and clay or Quaternary deposits
of eolian sand and silt. The alluvial and eolian deposits of the
South Platte River Valley and the Arkansas River Valley are
moderately thick and extensive and contain the two major
surficial aquifers in Segment 2.

Surficial aquifers also are present in alluvial deposits of
the Basin and Range, the Rio Grande Basin, and the Roswell
Basin (fig. 18). However, these shallow aquifers are part of
deeper and more extensive aquifers and are described with the
deeper aquifers in subsequent sections of this Chapter.

In the more mountainous parts of Segment 2, much of the
alluvium in the stream valleys is too thin, narrow, and discon-

tinuous to be considered a major aquifer, even though some
of the larger of the mountain alluvial deposits (fig. 18), such
as those near the Sevier River in central Utah and in the Uinta
Basin of northeastern Utah, contain locally important surficial
aquifers. Alluvial or eolian deposits on the eastern plains of
Colorado and New Mexico also contain surficial aquifers. How-
ever, these aquifers commonly are thin and little utilized, and
the extent of the aquifers within these materials is poorly
known. '

The surficial aquifer along the South Platte River in Colo-
rado was selected as an example of a stream-valley aquifer
in Segment 2 because it is extensively used and well studied.
Although the information presented is specific to this aquifer,
the hydrologic processes described are similar in other stream-
valley aquifers in the Segment.

The stream valley of the South Platte River is eroded into
the surface of the underlying bedrock formations. In the moun-
tains and plains, the bedrock generally is much less permeable

than the alluvium and forms a relatively impermeable lower
boundary to the alluvial aquifer. The sedimentary rocks that
underlie the alluvium of the South Platte River Valley on the
plains generally consist of shale and sandstone of Cretaceous
age that are easily eroded to form broad, gently sloping val-
leys (fig. 19) that contain meandering streams (fig. 20) and
moderately thick alluvium. The headwaters of the South Platte
River flow on crystalline rocks of the Rocky Mountains. In this
area, stream dgradients are steep, the valley is narrow, and
alluvium is thin and discontinuous (fig. 21).

The surficial aquifer of the South Platte River extends for
about 200 miles in Segment 2. The aquifer ranges in thick-
ness from about 20 to 200 feet and ranges in width from about
1 to 15 miles. Smaller deposits of alluvium or windblown sand
extend up the valleys of numerous tributaries (fig. 18). Where
saturated, these deposits form an aquifer that can yield mod-
erate to large volumes of water to wells.
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Figure 21. In the Rocky Mountains, the valley of the South
Platte River is steep and contains little alluvium. On the plains, the
valley slopes gently and the alluvium is thick and continuous.

300 350

Figure 20. The South Platte River on the plains of eastern
Colorado generally is broad and shallow with numerous sand
bars in the meandering channel.

Figure 19. The valley of the South Platte River near Fort
Lupton, Colo., has a broad, sparsely wooded surface that slopes
gently toward the river. The plains beyond the alluvial valley
are more arid and treeless.
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HYDROGEOLOGIC UNITS

Alluvium in the valley of the South Platte River consists
of poorly sorted mixtures of unconsolidated gravel, sand, silt,
and clay or interlayered beds of relatively well-sorted sand,
gravel, or silty clay. Beds may range in thickness from a few
inches to 100 feet or more. Beds of gravel and cobbles occur
at the base of the alluvium in the valley near Denver. Materials
of finer grain size are more prevalent in the downstream parts
of the valley in Colorado.

alluvium is more variable across than along the stream val-
ley. In most areas, the alluvium thickens gradually from the
margins of the valley to near the center (fig. 22, section
B-B'). However, in some areas, the thickness of the alluvium
is irregular because of the presence of two or more channels
cut into the buried bedrock surface (fig. 22, section E-E’).
Where tributary valleys enter the main valley, or where thick
deposits of windblown sand overlie the alluvium, a thick part
of the valley-fill material can extend beyond the valley mar-
gin (fig. 22, section D-D').

The water table in the alluvium forms the top of the
surficial aquifer. The saturated thickness of the aquifer is the
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diagram. Discharge exceeded recharge by about 19,000 acre-feet; this
volume of water represents annual depletion of water stored in the aquifer.

DATUM IS SEA LEVEL

RECHARGE AND DISCHARGE

The volume of water that flows into (recharges) the
surficial aquifer or flows out of (discharges from) the aquifer
is affected by the presence of surface water in the area. The
valley of the South Platte River is used extensively for irrigated
agriculture. Water is supplied to the fields by diversion of sur-
face flow in the South Platte River through an extensive net-
work of irrigation canals and reservoirs. Surface water usually
cannot supply all of the crop water requirements, and ground
water is pumped to augment the supply. Some of the water in
the irrigation canals and reservoirs percolates to the water table
and recharges the aquifer. Between 1947 and 1970, the aver-
age rate of recharge from canals and reservoirs was about
104,000 acre-feet per year.

Part of the water applied to irrigated fields and part of the
precipitation that falls in the valley also percolates downward
and recharges the aquifer. Deep percolation of water applied
to irrigated fields combined with precipitation supplied about
914,000 acre-feet per year of recharge to ground water
(fig. 23). Recharge also occurs by inflow of water from adja-
cent alluvial aquifers, primarily in tributary valleys, or from un-
derlying bedrock aquifers. Combined, these two sources sup-
plied about 81,000 acre-feet per year of recharge. The total
annual recharge to the surficial aquifer near the South Platte
River was about 1,099,000 acre-feet.

Ground-water seepage to the channel of the South Platte
River and withdrawal from wells are the most important forms
of ground-water discharge. The South Platte River forms a
natural drain for the surficial aquifer along almost all of the
length of the river in eastern Colorado. During 1967-69, for
example, the average rate of surface-water diversion from the
river in Colorado was about 922,000 acre-feet per year, and

The thickness of the alluvium increases down the stream distance from the water table to the base of the alluvium. Al- suge 41 £
valley. In Denver, the alluvium has a maximum thickness of most the entire thickness of the alluvium is saturated near the
about 20 feet; 60 miles downstream (fig. 22, section B-B'), South Platte River where the water table is near land surface.
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the average flow at the Nebraska State line was about 340,000
acre-feet per year. However, only about 682,000 acre-feet per
year of surface water flowed to the river from the headwaters
and tributaries during this period. The difference in flow of
about 580,000 acre-feet per year was supplied by ground-
water discharge to the river.

In 1930, there were about 200 wells in the surficial aqui-
fer near the South Platte River that were capable of yielding
more than 100 gallons per minute. By 1970, the number of
such wells had increased to slightly more than 3,200; the num-
ber of wells has remained relatively constant since 1970. The
average yield of these wells was about 920 gallons per minute
in 1970, but some well yields were as large as 3,200 gallons
per minute. Most of these wells supply water for crop irriga-
tion, but a few are used for the municipal supply of several
communities in the valley. Numerous small-capacity wells sup-
ply water for domestic, stock, and other uses. Ground-water
withdrawal for irrigation was about 388,000 acre-feet per year
during 1951-60 and about 556,000 acre-feet per year during
1961-70.

During the period from 1947-70, discharge from the
surficial aquifer by ground-water seepage to the South Platte
River averaged about 515,000 acre-feet per year. Withdrawal
by wells averaged about 420,000 acre-feet per year, evapo-
transpiration from vegetation growing in areas of shallow water
table (phreatophytes) averaged about 163,000 acre-feet per
year, and outflow to Nebraska of ground water in the alluvium
averaged about 20,000 acre-feet per year (fig. 23). The total
discharge from the surficial aquifer averaged about 1,118,000
acre-feet per year. Discharge exceeded recharge by about
19,000 acre-feet per year; as a result, there was a decline in
the volume of ground water in storage in the surficial aquifer.
For comparison, the total volume of ground water in storage
in the aquifer was about 8,300,000 acre-feet.



WATER-LEVEL CONDITIONS

Ground water flows from areas of recharge, where the
water-table altitude is higher, toward areas of discharge, where
the water-table altitude is lower. Recharge areas associated
with canals, reservoirs, and irrigated fields generally are lo-
cated along the valley on either side of the South Platte River.
As a result, the altitude of the water table near the margin of
the valley generally is higher than in the central part of the
valley (fig. 22, sections A-A'through E-E'"). Because ground-
water discharges readily to the river, the altitude of the river
determines the altitude of the water table along the valley. For
example, the altitude of the river and the water table both range
from about 5,000 feet near Denver to about 3,500 feet at
Julesburg, which is 200 miles downstream (fig. 24).

The direction of ground-water movement generally is
down the valley and toward the South Platte River, as indicated
by the arrows on figure 24. This movement and the practice
of diverting surface water creates a cycle of water reuse.
Ground water discharges to the river; part of the river’s flow is
diverted into irrigation canals, reservoirs, and irrigated fields
where some of the water percolates back into the aquifer. Some

. 7
Figure 24. Water in the surficial N
aquifer generally flows down the o
valley and from the margins 7

of the valley toward the —
South Platte River.

bn Keservoir /

of this recharge ultimately flows back into the river. As a re-
sult, some water that flows into this stream-aquifer system near
Denver may be used and reused many times before it flows
out of Colorado. Only in the spring when irrigation demands
are small and streamflow is large as a result of runoff from the
mountain snowpack can large volumes of surface water flow
directly downstream and bypass the ground-water system.

Ground-water withdrawal lowers the water table and ei-
ther decreases ground-water flow to the river or causes water
to flow from the river into the aquifer near the site of with-
drawal. Thus, ground-water withdrawal has an effect on
streamflow similar to that of surface-water diversion. Both
decrease streamflow, but the slow rate of ground-water move-
ment delays the effect of withdrawal on streamflow, whereas
the effect of surface-water diversion is immediate.

Between 1947 and 1970, water levels declined as much
as 35 feet in parts of the surficial aquifer (fig. 25). The mag-
nitude of annual decline varied from year to year, primarily in
response to changes in the annual rate of ground-water with-
drawal. Other factors that affect the decline include availability
of surface water, precipitation during the growing season, and
crop size and water requirements.
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Figure 25. The water level in the surficial 7
aquifer changes from year to year in N e

response to changes in withdrawal L
and recharge. In many areas, a
long-term decline in water
level has occurred.

bn Keservoir

Ri uersi i

103° &

/\_/\/Wesemoir
4
e

ST

¢

Reservoir

40°

SURFACE
~
o
T

DEPTH TO WATER,
IN FEET BELOW LAND
©
S
T

A

Denver

)

20

No record

25

SURFACE

DEPTH TO WATER,
IN FEET BELOW LAND
w
S

35 - e 5
1945 1950 1955 1960 1965

1970

90

1945 1950 1955 1960 1965 1970 1975

~ No record

1975 1980 1985

1980

DEPTH TO WATER,
IN FEET BELOW LAND

4100,

SURFACE

\
Prewitt Reservoir \ 4

\ N\
WASHING THO-N
|

SCALE 1:600,000

10
1

2|0 MILES

I
20 KILOMETERS

OS=r-O

EXPLANATION

——4000—— Water-table contour—Shows altitude of water table,
March 1968. Contour interval 20 feet. Datum
is sea level

= Direction of ground-water movement

i
e

Julesburg Reservoir, ‘.

e

o e e T

seeor PIE L TP S

e e
e i —

w N N
o o1 o
=

1 1

w
o
1

'S
o

1950 1960 1965

1945 1955 1970 1975 1980
SCALE 1:600,000
(IJ 1|0 2|0 MILES
I T I
0 10 20 KILOMETERS

i
e
e
]
[ ]

B

Q
oo Z
E < /No record
W15
] E g No record
ouk
B
o W
w w
o . -
= 25 :
1945 1950 1955 1960 1965 1970 1975 1980 1985
EXPLANATION

Water-level change, autumn 1947

to autumn 1970, in feet.
+, rise; —, decline

+6 to +2

+2 to -2

-2 to -6

-6 to -12

-12to-24

-24 to -36

No data

Location of hydrograph

9



40°

40°

AQUIFER CHARACTERISTICS

The ability of the surficial aquifer to transmit water is
determined by the thickness of the aquifer and by the unifor-
mity and coarseness of the sand and gravel in the aquifer. This
ability to transmit water is called transmissivity. An aquifer of
large transmissivity easily transmits water and can yield larger
volumes of water to wells than an aquifer of small transmis-
sivity.

The transmissivity of the surficial aquifer along the South
Platte River ranges from less than 1,000 feet squared per day
along the margins of the aquifer where the aquifer is thin to
more than 100,000 feet squared per day in a few areas near
the central part of the lower valley where the aquifer is thick
(fig. 26). The transmissivity of the aquifer also increases down
the valley, primarily because of the increased thickness of
alluvium downstream.

GROUND-WATER QUALITY

Dissolved-solids concentrations in ground water generally
increase with distance downstream from the headwaters of the
South Platte River. Surface water that flows from the head-
waters into the South Platte River contains about 300 to 800
milligrams per liter of dissolved solids. Most of this water is ul-
timately diverted and applied to fields. Part of the applied water
is consumed by evaporation or by transpiration of the crop,
and this increases the dissolved-solids concentration in the re-
maining water. Fertilizer and other agricultural chemicals also
are dissolved in the water and carried into the aquifer. As the
water flows through the aquifer, additional minerals are dis-

Figure 26. The transmissivity of the
surficial aquifer is varied but gen-
erally increases down the
valley to the northeast.
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solved from the alluvial material. As a result, the ground water
that returns to the river contains larger concentrations of dis-
solved solids than the water that was diverted from the river.
Downstream, water again is diverted from the river and applied
to another field. This recycling of water causes an increase in
dissolved-solids concentration in the ground water down the
valley. In some areas, dilution occurs when recharge from pre-
cipitation and inflow from tributary aquifers and upland areas
underlain by thin alluvium or sand dunes decreases the dis-
solved-solids concentrations in water in the surficial aquifer
(fig. 27). These processes cause the decreases in dissolved-
solids concentration evident along the south side of the valley
downstream from Fort Morgan, Colo.

Dissolved-solids concentrations of ground water range
from about 1,000 milligrams per liter near Denver to as much
as 4,000 milligrams per liter at Sterling. Downvalley from near
Sterling, the concentration decreases because of dilution by
ground-water inflow. Near Julesburg, the dissolved-solids con-
centration of the ground water is about 1,500 milligrams per
liter. The dissolved-solids concentration of ground water also
varies across the width of the valley and is larger near the river
than near the margin of the valley. Surface water that flows into

Nebraska has an average dissolved-solids concentration of
about 1,300 milligrams per liter.

Water in the surficial aquifer generally contains large con-
centrations of dissolved calcium, bicarbonate, and sulfate, and
is classified as either a calcium bicarbonate- or calcium sul-
fate-type water. Calcium bicarbonate water is more prevalent
in the upstream part of the valley; calcium sulfate water is
more prevalent in the downstream part. Water is classified as
very hard if it contains more than 200 milligrams per liter hard-
ness, measured as calcium carbonate. Water from more than
90 percent of a sampling of 89 wells in the downvalley part
of the aquifer had hardness in excess of 200 milligrams per
liter, and 50 percent had hardness in excess of 600 milligrams

per liter. Ground water in some areas also contains large con-
centrations of dissolved iron, nitrate, or chloride. Although
many local residents and communities have long used the
aquifer as a source of drinking water, the water is not well
suited for this use because of its taste, large dissolved-solids
concentrations, hardness, or localized large concentrations of
iron, nitrate, or sulfate. In some areas, using ground water for
irrigation may require careful management of the water to
prevent buildup of crop-damaging salts in the soil. However,
in most areas, the surficial aquifer yields water that is of suit-
able quality for irrigation, and the dissolved minerals that make
the water objectionable for public or domestic uses are not a
serious problem for irrigation use.
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Use of fresh ground-water withdrawals
during 1985, in percent
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Figure 28. During 1985, about 94 percent of the water
withdrawn from the surficial aquifer in the South Platte River

Valley was used for irrigation of crops.
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FRESH GROUND-WATER
WITHDRAWALS

About 94 percent of the water withdrawn from the surficial
aquifer in the South Platte River Valley during 1985 was used
for irrigation. Public supply was the second largest category
of water use but represented only about 3 percent of the total
(fig. 28). The sum of the remaining categories of water use
represented slightly more than 3 percent of the total ground-
water withdrawal of 847,000 acre-feet.

2.7 percent 400
0.6 percent

300

200

MONTHLY APPLICATION,
IN THOUSANDS OF ACRE-FEET
=
S
T

Precipitation

1

0

| = e

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

Data from U.S. Geological
Survey files, 1990

Modified from Hurr and others, 1975

Figure 29. Water applied to irrigated fields comes from
ground-water withdrawal, reservoir releases, surface-water

diversions, and precipitation.
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Figure 30. Ground-water 2000
withdrawal differs from year
to year in response to varying
irrigation requirements and
availability of surface water.
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Water used for irrigation generally is applied to fields
during the May-to-September growing season (fig. 29). Pre-
cipitation and surface water diverted directly from the South
Platte River or diverted through reservoirs supply most of the
applied water. Ground water supplies a larger part of the total
applied water in July, August, and September as streamflow
decreases following the peak period of snowmelt runoff in May
and June. During dry years, when streamflow is small, larger
quantities of ground water are withdrawn to meet crop water
requirements (fig. 30).
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INTRODUCTION

The Basin and Range aquifers extend through about
200,000 square miles of the southwestern United States and
underlie most of Nevada and parts of eastern California, south-
ern Oregon and Idaho, western Utah, southern Arizona, and
southwestern New Mexico. The aquifers extend through most
of the Basin and Range Physiographic Province and consist of
about 400 alluvial basins that contain aquifers. The eastern
part of the Basin and Range aquifers as described in this re-
port includes the aquifers of western Utah, southern Arizona,
and southwestern New Mexico (fig. 31). The aquifers comprise
the eastern part of the Great Basin aquifer system in Utah and
the western part of the Southwest alluvial basins aquifer sys-
tem in Arizona as defined by U.S. Geological Survey Regional
Aquifer-System Analysis studies. The western part of the Basin
and Range aquifers is described in Chapter B of this Atlas,
which pertains to California and Nevada.

The Basin and Range aquifers are the principal sources
of ground water in western Utah and southern Arizona. The
aquifers are present in about 120 alluvium-filled basins inter-
spersed between ranges of mountains. About 150,000,000
acre-feet of recoverable ground water is in storage in the upper
100 feet of the saturated sediments of these basins. The
ground water in some basins is extensively utilized, and large
water-level declines have occurred; in other basins, popula-
tion is sparse, ground water is little utilized, and water levels
are stable.

The 95,000-square-mile area of the aquifers in Segment
2 ranges in altitude from about 150 feet near Yuma in south-
western Arizona to more than 10,000 feet at the crests of a
few desert mountain ranges. Most of the mountain ranges pro-
trude 3,000 to 6,000 feet above the level of the surrounding
basins and extend in a northerly or northwesterly direction for
10 to 50 miles. The land surface of the basins generally slopes
gently from the adjacent mountain fronts toward the flat-lying
central parts of the basins, where dry lake beds (playas) or
shallow sandy stream channels are common (fig. 32). Some
basins are topographically closed, and all surface water drains
to a central lake or playa; other basins are topographically
open, and surface water may flow between basins. The high
temperatures and arid climate of the desert region result in
minimal streamflow, and the stream channels and playas gen-
erally are dry.

HYDROGEOLOGIC UNITS

Structure and lithology are the principal geologic factors
that affect the occurrence and movement of ground water in
the Basin and Range aquifers. The principal aquifers are in
thick deposits of basin fill in valleys bounded by mountain
ranges formed mostly of relatively impermeable bedrock.

The structural deformation that produced the system of
basins and ranges generally began in Tertiary time with block
faulting along steeply dipping normal faults. Crustal extension
produced horst and graben blocks in some places (fig. 33A)
and tilted blocks in others (fig. 33 B). The downthrown parts
of the blocks became basins; the upthrown parts became
mountain ranges. Vertical displacement across the fault zones
exceeded 10,000 feet in some areas. Many of the resulting
basins are asymmetrical because the grabens are not centered
in the valleys. As the mountain blocks were uplifted and
eroded, sediment was carried by streams into the basins, and
alluvial fans were formed. The fans coalesced to produce broad
surfaces that sloped gently to the center of the basins, where
fine-grained sediments were deposited in lakes and playas (fig.
34). Coarse-grained sediments tended to be deposited near
the steeper margins of the basins. Fault movement resulting
from continuing deformation offset some of these older sedi-
ments. Deformation and sedimentation occurred at different
rates throughout the area; as a result, the thickness, areal
extent, and grain size of the basin fill are highly varied.

Basin fill (fig. 35) primarily consists of unconsolidated to
moderately consolidated, well- to poorly sorted beds of gravel,
sand, silt, and clay deposited on alluvial fans, pediments, flood
plains, and playas. More cemented or compact sediments in
the older basin fill and finer grained sediments near the cen-
ter of the basin are less permeable than the coarser grained
sediments near the margins of the basins. Evaporites, such as
gypsum, anhydrite (calcium sulfate), and halite (rock salt) are
present in the deeper fine-grained sediments of the central
parts of some basins. Extrusive volcanic rocks also are
interspersed with basin fill in some basins; volcanic rocks over-
lie basin fill in a few areas. The thickness of the basin fill is
not well known in some basins but ranges from about 1,000
to 5,000 feet in many basins and may exceed 10,000 feet in
a few deep basins in Utah and south-central Arizona.

Range

Figure 33. The alternating basins and ranges that characterize
the topography of the area were formed during the past 17 million
years by the gradual movement along faults. A, horst and graben
blocks of the Earth’s crust. B, tilting of blocks of the Earth’s crust.
The arrows indicate the relative direction of movement of rocks on
either side of the faults.

Coarse-grained
sediments
Fine-grained
sediments

Figure 34. Basin fill is located between bedrock mountain
blocks and contains fine-grained sediments near the center of the
basin. Coarse-grained sediments were deposited near the basin
margins, primarily as alluvial fans.
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Figure 31. The Basin and Range aquifers extend through
parts of seven States and are the principal sources of water in
much of this desert area.
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Figure 35. Four principal

hydrogeologic units are in the eastern
part of the Basin and Range aquifers. Basin-fill
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F ig ure 32. The Basin and Range Physiographic Province
is a vast arid region that consists of broad alluvial basins in
downfaulted blocks of the Earth’s crust bordered by mountain
ranges formed from upfaulted blocks of crust.

Stream alluvium that consists of moderately to well-
sorted, fine to coarse sand with gravel, silt, and clay is present
along most of the larger stream channels. These deposits are
about 100 feet thick and 1 to 2 miles wide along the Gila, Salt,
and Santa Cruz Rivers in Arizona and exceed 700 feet in thick-
ness along the lower Colorado River.

Extensive layers of sediments also were deposited on the
bed of Lake Bonneville, a Pleistocene lake that covered about
20,000 square miles of western Utah (fig. 36) during the last
phase of the great ice age (26,000-11,000 years ago). These
sediments ranged in size from sand, gravel, and boulders near
the margins of the ancient lake to clay, silt, and sand in the
deeper parts of the lake. The lake level remained relatively
stable for long periods of time as the volume of water that
flowed into the lake was virtually balanced by the volume of
outflow and evaporation. Eventually, the rate of evaporation
exceeded the rate of inflow, and the lake level progressively
declined; the once large body of freshwater was reduced to
bodies of brine that today are the Great Salt Lake and Utah
Lake. As Lake Bonneville retreated and evaporated, extensive
deposits of halite (rock salt) were formed in the lakebed sedi-
ments and on the surface of what is now the Great Salt Lake

EXPLANATION
Rock or sediment generally exposed in basin areas
Basin fill—Unconsolidated to moderately consolidated alluvial
sediments, volcanic rocks, and evaporite minerals. Coarse-

grained alluvial sediments are highly permeable

Extrusive igneous rocks—Generally overlying alluvium and above
the water table

Consolidated rock generally exposed in mountain areas

Clastic sedimentary, metamorphic, or igneous rocks—
Generally relatively impermeable

Carbonate rocks—Moderately to highly permeable where subjected
to fracturing and dissolution, relatively impermeable elsewhere

Approximate limit of the area in Utah that is underlain by carbonate rocks
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Desert. Important sources of fresh ground water are present
in coarser grained sediments near the mountain fronts of this
area; saline ground water is common in shallow aquifers or
in fine-grained sediments in the central parts of basins.

Bedrock is present in the uplifted blocks of the mountain
ranges and beneath the basin fill in the valleys. Bedrock con-
sists of consolidated carbonate rocks or metamorphic, igne-
ous, and clastic rocks that are relatively impermeable unless
extensively fractured (fig. 35). Fracturing in carbonate rocks
(limestone and dolomite) may enable ground water to circu-
late through the fractures where the water can dissolve the
slightly soluble rock and enlarge and increase the size and
number of pathways for water movement through the rock.
Such dissolution eventually can change a relatively imperme-
able carbonate rock into a permeable water-yielding unit.
Carbonate rocks predominate in a 20,000- to 30,000-foot-
thick sequence of Paleozoic and Lower Mesozoic rocks in an
extensive area of western Utah in Segment 2 (fig. 35) and
southern and eastern Nevada in Segment 1. The location of
solution-altered zones of enhanced permeability within these
carbonate rocks is poorly known. However, some data indi-
cate that ground water might flow between basins through per-
meable carbonate rocks in the mountains of west-central Utah,
and water might flow from recharge areas in the mountains
to local basins through permeable carbonate rocks bordering
the northeastern part of the aquifer system. Although extrusive
igneous rocks (primarily basalt) can be permeable in local
areas, most other types of consolidated rock are not suffi-
ciently permeable to transmit large volumes of water, and
bedrock generally forms a relatively impermeable boundary
to the Basin and Range aquifers.
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Figure 36. The Great Salt Lake, Utah Lake, and Sevier
Lake are the remnants of a much larger lake (Lake Bonneuville)
that covered western Utah 11,000 to 26,000 years ago.
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RECHARGE AND DISCHARGE

Recharge to the aquifers primarily is derived from precipi-
tation in the mountains surrounding the basins. Average an-
nual precipitation ranges from about 4 to 8 inches in the
basins, is 16 inches or more in most mountain ranges, and ex-
ceeds 30 inches in a few of the higher mountain ranges. The
generally arid climate of the area is characterized by high
summer temperatures and large rates of evaporation and tran-
spiration, particularly at lower altitudes and southern latitudes.
These climatic conditions cause almost all the precipitation in
the basins and most of the precipitation in the mountains to
be lost to evapotranspiration. Only about 5 percent of the pre-
cipitation that falls recharges the basin-fill aquifers. Water not
lost to evapotranspiration in the mountains forms runoff in
streams or infiltrates the soil and upper zones of fractured
bedrock, where it may flow to springs or through fractures and
discharge into the basin fill at the base of the mountains.
Larger streams in the basins often flow on alluvium that is
unconsolidated, well sorted, and highly permeable. These
sediments enable rapid infiltration of streamflow, and the
streams may recharge the basin-fill aquifers at considerable
distance from the mountains. Small ephemeral streams and
water flowing through fractured bedrock generally recharge the
aquifers near the mountain fronts and together constitute
mountain-front recharge (fig. 37). When the stream and aqui-
fer are in direct hydraulic connection, as is the case along the
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F ig ure 37. The Basin and Range aquifers have five principal
components of ground-water recharge. Streamflow infiltration is the
largest component; mountain-front recharge is the second largest.

Mountain-front *

o infiltration

Colorado River in Arizona, the surface and ground waters may
function as an interdependent stream-aquifer system. Precipi-
tation supplies about 2,500,000 acre-feet per year of recharge
to the Arizona part of the Basin and Range aquifers and about
1,500,000 acre-feet per year of recharge to the Utah part of
the aquifers.

Underflow and interbasin flow can be significant compo-
nents of recharge or discharge in some basins. Many basins
are connected by basin fill in narrow valleys between moun-
tain ranges. Ground water flows through these valleys from
higher altitude basins to lower altitude basins. This underflow
commonly ranges from a few hundred to a few thousand acre-
feet per year. A few wider valleys between basins have
underflow that exceeds 30,000 acre-feet per year. Interbasin
flow is a significant component of recharge or discharge only
in areas of solution-altered carbonate rocks, primarily in west-
ern Utah. In parts of western Utah, ground water flows through
deep, enlarged bedrock fractures from basin to basin or under
several basins and discharges at distant points. Few data exist
to document the location or magnitude of interbasin flow. How-
ever, several springs in western Utah likely yield water from
carbonate rocks and have a combined discharge of about
45,000 acre-feet per year.

Surface infiltration of water is an important component
of recharge to the Basin and Range aquifers. In the northern
part of the aquifers, cooler temperatures and greater precipi-
tation enable direct recharge from precipitation. In extensively
developed parts of the aquifers, additional recharge is the result
of human intervention in the hydrologic cycle. Part of the water
used to irrigate commercial crops, golf courses, and other

Withdrawal
by wells
nterbasin
flow

is the largest component in Utah.
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Figure 40. The altitude of the potentiometric
surface in selected basins and the general direction of ground-

water movement in the Basin and Range aquifers are shown as they

existed before extensive ground-water development.
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Direction of ground-water movement in:
Basin-fill aquifer
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——4000—— Water-table contour—Shows altitude of water
table in basin fill. Dashed were approxi-
mately located. Contour interval, in feet,
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Figure 38. The Basin and Range aquifers have five principal
components of ground-water discharge. Ground-water withdrawal
from wells is the largest component in Arizona; evapotranspiration

vegetation percolates into the basin fill and ultimately re-
charges the aquifers. Water in reservoirs, canals, and outfalls
from sewage-treatment plants also can percolate downward
and recharge the aquifers. Although the quantities of water re-
charged are not well documented, some data indicate that
about one-half of the irrigation water applied to fields in Ari-
zona ultimately recharges the aquifers. Between 1915 and
1980, about 90,000,000 acre-feet of irrigation water is esti-
mated to have recharged the aquifers in Arizona. Most of this
water was withdrawn from the aquifers; about 184,000,000
acre-feet of water was withdrawn in Arizona between 1915 and
1980.

Discharge from the aquifers is by evapotranspiration,
discharge to streams and springs, underflow, interbasin flow,
and withdrawal by wells (fig. 38). Evapotranspiration is the
largest natural component of ground-water discharge. Ground
water can be directly lost to evaporation in areas of shallow
water table such as wet playas, marshes, and salt flats. Tran-
spiration is a large component of ground-water discharge in
areas where vegetation obtains most of its water from the water
table. Thick groves of salt cedar, cottonwood, or other plants
transpire large volumes of water from tree-lined banks of many
perennial streams; brush, grass, and other phreatophytes tran-
spire ground water in many other areas of shallow water table.
Ground water discharges by evapotranspiration in an extensive
area of the Great Salt Lake Desert, particularly to the south-
west of the Great Salt Lake in Utah (fig. 39). Less extensive
areas of ground-water discharge by evapotranspiration are
present in low-lying parts of many basins in Utah and Arizona.
Prior to ground-water development, evapotranspiration was

about 1,300,000 acre-feet per year along the lower Colorado
River in Arizona, and about 700,000 acre-feet per year along
the Gila River. Natural evapotranspiration can decrease when
ground-water withdrawal lowers the water table under the

phreatophytes.
Ground water discharges to streams or lakes in areas

where the water level in the aquifer is higher than the level of
the stream or lake bed (fig. 38). This situation can occur where
a constriction in the width or thickness of the aquifer forces
ground water to the surface, or where ground water flows to-
ward a stream from aquifers of higher altitude on either side
of the stream. In arid climates, perennial flow in streams that
cross many miles of basin fill usually is maintained by ground-
water discharge from underlying aquifers. Prior to ground-
water development, the Gila River and its principal tributaries,
the Salt, Verde, and San Pedro Rivers were perennial. These
rivers and the Colorado River, which is still perennial, received
ground-water discharge from aquifers in most of the basins
they crossed. The banks of many perennial streams in Arizona
are covered by trees and other vegetation that obtain water
from the aquifers. Most perennial streams in Utah are located
along the eastern margin of the aquifers and drain the Wasatch
Range and Wasatch Plateau or other high mountains to the
east; streamflow generally provides recharge to aquifers under-
lying the alluvial fans before the streams enter Great Salt Lake,
Utah Lake, or other lakes.

Underflow and interbasin flow are additional components
of ground-water discharge that can be large in some basins.
The factors that relate to underflow and interbasin recharge
discussed above also apply to discharge.
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Figure 39. Ground water is discharged by
evapotranspiration in large areas of western Utah,
particularly to the southwest of the Great Salt Lake.

WATER-LEVEL CONDITIONS

The water levels and direction of ground-water movement
in a basin are determined by the geometry of the bedrock
surrounding the basin and by the location and quantity of re-
charge and discharge within the basin. Although ground water
flows through the basin-fill aquifers from areas of recharge to
areas of discharge, the complex and partly interconnected
network of aquifers in the basins causes ground water to flow
in many different directions, and the hydrology of each basin
is unique. As indicated in figure 40, water generally moves
from recharge areas along the margins of the basins either
toward discharge areas in the central parts of the valley (for
example, Utah Lake, Utah, or San Pedro Valley, Ariz.), or to-
ward discharge areas at the downgradient end of the valley (for
example, Harquahala Plain, Ariz.).

The location and quantity of recharge and discharge also
affects the shape of the potentiometric surface in the basin-
fill aquifers. If little recharge occurs near the margin of the
basin, water-level contours will be oriented approximately
straight across the valley, as is the case in the Harquahala
Plain. If larger quantities of recharge occur along the basin
margin, water-level contours may be slightly to severely
curved and oriented toward the center of the valley where
ground water may discharge by evapotranspiration, to
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Flgure 41. In western Utah, §

ground water can flow through basin fill ~°diig

to local discharge areas or through permeable

bedrock to other valleys and distal discharge areas.

streams, or from wells. Before extensive ground-water with-
drawals, the recharge along the margin of the San Pedro Val-
ley in Arizona was larger than the rate of underflow down the
valley, and the excess water was discharged to the river, as in-
dicated by a marked curvature of the water-level contours (fig.
40). In valleys where basin-margin recharge is moderate and
discharge occurs as a varied combination of evapotranspira-
tion, seepage to streams, withdrawal from wells, or underflow,
the water-level contours may be of more varied shape, as in
the Santa Cruz Valley of Arizona. Lakes and playas are the sole
discharge areas in a few valleys. A closed ground-water ba-
sin can result if all ground-water recharge and discharge oc-
curs within the valley, and little or no water moves beyond the
valley.

Ground water also flows through fractures and solution
openings (primarily in carbonate rocks) that underlie and
border the basin fill in parts of western Utah (fig. 41). If the
fractures and solution openings are numerous and extensive
enough, ground water may flow through the permeable bed-
rock from basin to basin, or beneath basins from recharge
areas in distant mountains to discharge areas in the Great Salt
Lake Desert, the Great Salt Lake, or the Sevier Lake area (fig.
40). The prevalence and lateral extent of such openings are
poorly defined by available data. However, the carbonate rocks
generally are much less permeable than the basin fill and have
only scattered zones of enhanced permeability that yield water
to bedrock springs or enable interbasin flow.

EXPLANATION

Areas of ground-water evapotranspiration

Phreatophytes—Plants with a tap root
extending to the water table

Playa that receives ground-water discharge
Direction of ground-water movement

Fault—Arrows indicate relative vertical
movement



WATER-LEVEL CONDITIONS —
Continued

Before extensive ground-water development, about
900,000,000 acre-feet of ground water was in storage in the
upper 1,200 feet of the basin fill in the Arizona part of the
aquifer system. Incomplete data from Utah indicate that about
800,000,000 acre-feet of water may have been in storage in
the upper 1,200 feet of basin fill in this area. The volume of
ground water in storage in basins in Arizona and Utah (fig. 42)
is estimated to range from less than 5,000,000 acre-feet in
areas along the northern margin of the aquifer system in Ari-
zona to more than 70,000,000 acre-feet in three large areas
of western Utah. The volumes of ground water in storage in
the basins in Arizona and Utah are only approximations be-
cause little is known about the subsurface extent, thickness,
and water-yielding character of the basin-fill sediments in
many areas. Not all the ground water in storage is potable.
Water in the deeper parts of most basins contains larger con-
centrations of dissolved solids than water in the shallower parts
of the basin. Most of the ground water under the Great Salt
Lake Desert and Sevier Lake area is saline or brine.

The volume of ground water in storage in the basin-fill
aquifers is large in comparison to the annual rate of recharge
to the basins. Most basins contain between 200 and 2,000
times as much water in storage as they receive from annual
recharge. In basins that contain relatively small volumes of
water in storage and have relatively large recharge (such as
the basins near the Colorado River in Arizona), only about 5
times as much water may be in storage as received from re-
charge. In basins that have large volumes of water in storage
and minimal recharge, about 14,000 times as much water may
be in storage as received from recharge.

Large rates of ground-water withdrawal can cause areally
extensive water-level declines, decrease natural discharge, and
deplete streamflow. Persistent large rates of withdrawal can
cause water-level declines to extend throughout a basin. As
water levels are lowered, the natural ground-water gradients
may be decreased orreversed in some areas, and ground-water
flow toward areas of natural discharge may decrease; reversal
of ground-water gradients may decrease or eliminate natural
discharge. Discharge to streamflow and evapotranspiration
also may decrease or cease if the shallow water table declines
below the level of the streambed or below the root zone of
phreatophytes. Ground-water withdrawal can cause depletion
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of streamflow by lowering the water table near the stream. The
greater depth to ground water enables more streamflow to
infiltrate, thereby inducing additional ground-water recharge.

Water-level declines are the largest and most widespread
effect of ground-water withdrawal. Major agricultural regions
have undergone the largest water-level declines, which ex-
ceeded 450 feet through 1980 in some areas in Arizona and
exceeded 70 feet in parts of Utah (fig. 43). Arizona generally
has had larger water-level declines than Utah, primarily be-
cause of the larger rates of withdrawal in Arizona. Water-level
declines have been relatively small in basins along most of the
eastern margin of the aquifer system in Utah, where withdrawal
is small, and along the Colorado River, where induced recharge
from streamflow and lakes has moderated declines. Along
parts of the Colorado River, water levels rose following agri-
cultural development because of infiltration of irrigation wa-
ter supplied from surface-water diversions. In other areas
where development has been moderate and the aquifers re-
ceive smaller rates of recharge, long-term water-level declines
have ranged from 50 to 200 feet. In basins where no peren-
nial streamflow occurs and recharge to the basin is small, even
minor withdrawal can significantly decrease the volume of
ground water in storage. The hydrology of these basins is rela-
tively simple. Pumped water is derived from storage in the
aquifer, and ground-water levels decline when pumping occurs.
The largest water-level declines generally have occurred in
basins of this type.

Differing rates of water-level decline occur in the aquifers.
The rate of water-level decline in a few observation wells is
shown in the hydrographs of figure 43. Water levels near
pumping wells undergo greater long-term decline than those
in distant parts of the basin, and withdrawal to supply crops
causes large seasonal fluctuations in water level near the
pumped wells. Water levels in most wells in Utah and in the
less developed parts of Arizona generally declined at average
rates of less than 5 feet per year. Average rates of decline ex-
ceeded 20 feet per year in a few extensively developed basins
in south-central Arizona. The rate of water-level decline gen-
erally was larger for 10 to 20 years prior to 1970 than it has
been since 1970. The reduction in the rate of decline is the
result of decreased withdrawal, possibly caused by a combi-
nation of decreased irrigated acreage, greater irrigation effi-
ciency, conversion to crops that require less water, larger
amounts of precipitation, or greater availability of surface water
for irrigation. In Utah, the last two factors are the primary
causes of decreased rates of decline or water-level rises dur-
ing 1982-86.
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Figure 43. Water-level declines in Utah
generally are smaller and less extensive than the

water-level declines in many basins in Arizona. The
water-level hydrographs show that the rate and magnitude
of water-level declines vary greatly at different places in the aquifers.

300 to 400
Greater than 400

_—

Bedrock

+100

Number on graph—
Vertical axis shows
depth to water in
feet above or below
sea level

A Location of hydrograph

SCALE 1:4,000,000
0 50

T
0 50

100 MILES
T
100 KILOMETERS

108°

1980 1990

35°

HIDALGO

Modified from U.S. Geological Survey, 1985;

and Anderson and others, 1992

CATRON

NEW MEXICO

Figure 44. The dissolved-solids
concentrations in water in the basin-fill
aquifers generally are less than 1,000 milligrams
per liter but exceed 10,000 milligrams per liter in large
areas of Utah in the Great Salt Lake Desert and near Great
Salt Lake.
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GROUND-WATER QUALITY

Ground water in the basin-fill aquifers generally is of suit-
able chemical quality for most uses; most ground water has a
dissolved-solids concentration of less than 1,000 milligrams
per liter. However, the dissolved-solids concentration of water
in parts of some basins can be as large as 300,000 milligrams
per liter (fig. 44). By comparison, the U.S. Environmental Pro-
tection Agency recommends that water for public supply not
exceed 500 milligrams per liter of dissolved solids; seawater
contains about 35,000 milligrams per liter of dissolved solids.
Water that has small dissolved-solids concentration generally
is present near the margins of the basins (fig. 44), where re-
charge from the nearby mountains enters the aquifers. In the
topographically low parts of some basins, ground water is dis-
charged by evaporation and transpiration. These processes
remove some water from the aquifer and concentrate dissolved
solids in the remaining water. If the volume of underflow or
ground-water discharge to streamflow in the basin is relatively
large, the accumulated salts are continually flushed from the
basin, and the dissolved-solids concentrations in the aquifers
are little affected. In basins that have less underflow or ground-
water discharge to streamflow, or in basins where large vol-
umes of irrigation water evaporate, salts may accumulate, and
dissolved-solids concentrations in the ground water may range
from 1,000 to more than 3,000 milligrams per liter. In basins
that have no discharge by underflow or streamflow, salts can
accumulate over long periods of time in the fine-grained sedi-
ments near the center of the basin, or can form extensive sur-
face deposits of salt, such as the salt flats of the Great Salt Lake
Desert in western Utah. Dissolved-solids concentrations in
ground water near surface or subsurface deposits of saline
minerals can be very large; concentrations commonly exceed
200,000 milligrams per liter in parts of western Utah.
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Dissolved-solids concentration, in
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