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ABSTRACT

This report is a resume’ of the principal facts collected by the Geologi-
cal Survey in the period 1890-1952 about the ground-water resources of the
Gila River basin and certain other areas in Arizona. Since 1939 the Geo-
logical Survey has been making ground-water investigations on a continuing
basis in cooperation with the State of Arizona. Since 1940 the cooperating
agency has been the State Land Department.

The occurrence of ground water in fifteen areas that form a part of the
Gila River drainage basin is described in this report. The areas are de-
noted by the name of a town or geographic feature, and are as follows: Dun-
can, Safford, San Simon, Upper San Pedro, Lower San Pedro, Aravaipa Creek,
Upper Santa Cruz, Lower Santa Cruz, Salt River Valley, Rainbow Valley-
Waterman Wash, McMullen Valley, Harquahala Plain, Gila Bend, Palomas
Plain, and Wellton-Mohawk, Data also are presented for several areas not
in the Gila River system, including Ranegras Plain and the Willcox and
Douglas basins. A summary of the data is given following the ground-water
discussion in each area.

A series of maps accompany the report, including an index map and
maps of the principal areas of ground-water development, The maps show
the geology, the location of most of the irrigation wells and irrigated lands,
and, where data were available, contours of the water table, depth to the
water table, and changes in its position over a period of years.

Ground water occurs in the region primarily in alluvial fill consisting
of gravel, sand, silt, and clay which was deposited in structural troughs
between mountain ranges. Ground water stored in these alluvial basins is
derived from many sources. The principal sources are infiltration from run-
off along the mountain fronts and seepage from irrigation water applied to
cultivated lands,

Of great interest in Arizona at the present time is the rate of depletion
of ground-water reserves by withdrawals from storage. Use of ground water
in Arizona increased by more than 50 percent in the 6-year period 1946-51,
from 2,400,000 acre-feet in 1946 to 3,750,000 acre-feet in 1951, The areas
of greatest withdrawal are in Pinal and Maricopa Counties, in the south-
central part of the State, Maps and hydrographs accompanying this report
show that the water table is declining in the heavily pumped areas, indicat-
ing that ground water is being withdrawn in excess of replenishment. The
rate of decline has been as much as 10 feet per year in the most intensively
pumped areas, and has been greatest during the past few years.

In an effort to compensate for decreased well yields resulting from the
decline of the water table in some areas, many deep wells have been drill-
ed within the past few years. The deep aquifers do not represent a new
source of water; their water is a part of the common supply of the structur-
al basins in which they lie, The aquiferstapped by these deep wells general-
ly yield less water per foot of drawdown than the shallower aquifers. The
water in the deeper aquifers is variable in quality, ranging from water too
high in dissolved solids to be usable for irrigation to water lower in concen-
tration than that in the overlying aquifers.

The quality of the ground waters in most of the region is considered suit-
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able for irrigation. In local areas, however, the ground waters are naturally
unsuitable for irrigation and, in other areas, the concentration of dissolved
solids has increased sufficiently to make the waters harmful to some crops.
The problem of salt balance is becoming increasingly important, not only in
the Salt River Valley area, but also in other parts of the Gila River Basin, A
discussion of the salt-balance problem is given in Part II of this report.

It should be emphasized that ground waters in each of the individual areas
in the Gila River drainage system are interrelated with ground waters in ad-
jacent areas upstream and downstream. The connection is tenuous between
some areas, but in central Arizona the ground waters in the different areas
are closely related, Although subsurface barriers to ground-water movement
exist in places, they are not everywhere fully effective,

The ground-water--surface-water interrelationship is important in some
areas, Those basins occupied by perennial streams, or by streams having
large influent seepage losses, have not shown large, perennial declines of
water levels in wells, Effluent seepage of ground water contributes to stream
flow in the lower reaches of several basins,
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GENERAL DESCRIPTION
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INTRODUCTION
By L. C. Halpenny

Scope and purpose of report

The 1952 session of the Arizona Legislature provided for the establish-
ment of a State Underground Water Commission and charged the Commis=-
sion to compile all available data on ground water in Arizona. A report to
the Legislature is required by January 1, 1953.

The United States Geological Survey has made investigations of ground-
water conditions in Arizona intermittently since the 1890’s, Studies made
prior to 1939 were on a comparatively small scale and were financed by
Federal funds. In July of that year a cooperative agreement between the
Geological Survey and the State Water Commissioner provided for equal fi-
nancial participation in an expanded program of study, The Federal-State
cooperation has continued to the present time; since 1940 the State has been
represented by the State Land Department, The Ground Water Branch of the
Geological Survey has established a district office at Tucson, sub-offices at
Phoenix and Holbrook, and residencies at Casa Grande, Willcox, and Kingman,

In June 1952 the Underground Water Commission requested the District
office of the Ground Water Branch to prepare a comprehensive report on all
ground-water data available in its files at that time. Financial cooperation
between the two agencies was arranged to provide for the preparation of the
report., In order to allow time for compilation of the Commission’s report
by January 1, the Geological Survey was requested to provide its report to
the Commission by September 1, 1952, It is obvious that the allotted time
was insufficient to permit compiling and analyzing all the available data,
Therefore the present report constitutes a summary, rather than a compi-
lation, of the data,

Organization of report

The report is divided into three parts: (1) A general description of ground-
water conditions; (2) a description of the occurrence of ground water in indi-
vidual areas; and (3) a section on problems relating to use of ground water.
Where sufficient data are available, the report is supplemented by maps,
graphs, and tables, These include maps showing generalized geology, depth
to water, water-table contours, and quality of water; graphs of water-level
fluctuations; and tables of records of typical wells, well logs, and chemical
analyses of water,

Personnel

The present report was prepared under the'general supervision of A, N,
Sayre, Chief, Ground Water Branch, and under the direct supervision of L. C,
Halpenny, district engineer at Tucson. On October 1, 1951, Mr, Halpenny
succeeded S. F, Turner, under whose direct supervision most of the data




2

summarized herein were collected, The data on quality of water were pre-
pared under the general supervision of S. K. Love, Chief, Quality of Water
Branch, and under the direct supervision of J. D, Hem, district chemist,
Albuquerque, N, Mex. J. L. Hatchett, chemist,assisted Mr, Hem in writing
portions of this report., Data on stream flow are collected in Arizona by the
Geological Survey, under the general supervision of J, V, B, Wells, Chief,
Surface Water Branch, and under the direct supervision of J. H. Gardiner,
district engineer,

Authors of sections of this report are individually credited. Other menr
bers of the district staff who contributed substantially to the preparation
are: M. B, Booher, G, M, Babcock, J. M. Cahill, R, E, Cochrane, R, E. Geer,
Mrs. G. M, Hoskins, Mrs. k. E, Johnson, Miss B. A. McMahon, J. E. Mernaugh,
D, G. Metzger, E, K. Morse, R. T, O’Haire, Mrs. L. H, Stearns, J. I. Webster,
N, P, Whaley, Mrs, S, M, White, and Miss D, B. Wolcott, C., T, Pynchon, ad-
ministrative assistant, contributed substantially to preparation of the report.

Acknowledgments

The program of work in cooperation with the State Land Department had
to be adjusted to permit preparation of this report. The cooperation of W, W,
Lane, State Land Commissioner, in making these adjustments is gratefully
acknowledged. Members of the Underground Water Commission assisted
in many ways; and particular thanks are due Messrs, E. Ray Cowden, Chair-
man, and Elmer D, Hershey, Executive Secretary, Messrs. W. F. Guyton,
N, A, Rose, and K. ]J. Tipton, consulting engineers retained by the Com-
mission, were helpful in discussing technical problems.

UTILIZATION OF GROUND WATER IN ARIZONA
By L. C. Halpenny

In 1951, about 3,750,000 acre-feet of ground water was pumped from
wells, mostly for irrigation. All but a small part of this amount was with-
drawn in the southern part of the State, principally in Maricopa and Pinal
Counties. Ten years ago, the total amount of ground water withdrawn
annually for irrigation was not more than 1,000,000 acre-feet, and 20 years
ago it was approximately 500,000 acre-feet,

In 1951, the value of agricultural crops produced in Arizona was
$289,700,000, not including dairying, stock raising, or chicken raising (Barr
and Seltzer, 1952, p. 1).1/ For comparisen, in 1941 the value of crops rais-
ed was $46,600,000 (Barr, 1942, p. 370). This is a greater than sixfold increase
in price of products in 10 years,

In addition to water for irrigation, the ground-water reservoirs in Ari-
zona supply water for municipal, industrial, mining, domestic, and livestock
use. With the exception of Phoenix, most of the larger cities and towns in
central and southern Arizona depend entirely upon ground-water supplies.

1/See references at end of report,
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Industry, with the exception of mining, is not as yet a dominant feature of
the economy of Arizona, but the existing industrial plants use ground water
almost entirely. The following data were compiled for a report requested
by the President’s Water Resources Policy Commission:

Water withdrawn for use in Arizona, 1949

1 Annual withdrawal
5 (acre-feet)

‘ Ground Surface
Water Water Total
Irrigation 3,196,000 1,998,000 5,193,000
Municipal 43,400 37,600 81,000
Industrial 38,000 14,000 52,000
Other 34,000 6.000 40,000
Total 3,310,400 2,055,600 5,366,000

* Previously published figures include 4,000 acre-feet withdrawn in
Virden Valley, N, Mex., and 20,000 acre-feet of municipal
withdrawals.

These figures indicate the tremendous importance of agriculture in the utili-
zation of ground water in Arizona,

DEVELOPMENT OF AGRICULTURE AS RELATED
TO NATURAL FACTORS
By L. C, Halpenny
The development of agriculture in Arizona has been influenced by the
natural factors of physiography, climate, and geology. These factors control
the topography, precipitation, soil, and the occurrence of surface and ground
water, and have localized the development of agriculture in areas where in-

tensive irrigation is possible

Physiography

For the purposes of this report the State of Arizona is divided into three
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general physiographic regions: (1) The plateau region; (2) the mountain
region; and (8) the desert region, These are outlined on the accompanying
map (fig. 1). The plateau region is a portion of the Colorado Plateau pro-
vince, and the mountain and desert regions are portions of the Basin and
Range province (Fenneman, 1931, pl. 1).

The plateau region is a tableland ranging in altitude from approximately
4,000 to 7,000 feet. Mountains as high as 12,700 feet rise above the plateau,
and canyons as deep as a mile have been cut into it, Agriculture, except for
stock raising, is limited to small, widely scattered areas,

The mountain region lies south and west of the plateau (fig, 1) and con-
sists mainly of rugged mountains cut by narrow stream valleys. Only small
local areas are suitable for farming, and stock raising is the principal agri-
cultural industry. )

The southern and western parts of the State compose the desert region,
In this region isolated northwest-trending mountain ranges are separated
by broad, gently sloping alluvial valleys. These valleys contain much of the
land in Arizona that is suitable for agriculture. Natural vegetal cover is
sparse; large areas are free of boulders; and the gradient of the land sur-
face is gentle, Consequently it is possible, at reasonable costs, to clear
and level the land and construct water-distribution systems,

Arizona is drained principally from east to west by tributaries of the
Colorado River (pl. 1). The plateau region of Arizona is drained chiefly by
the Little Colorado River, and the Gila River drains most of the mountain
and desert regions. Most of the streams of the mountain region, such as
the San Francisco, Black, White, Salt, Verde, Agua Fria, and Hassayampa
Rivers, are part of the Gila River drainage system.

Climate

The climate is different in each of the three physiographic regions of
Arizona and has influenced the development of agriculture in each region,
Table 1 provides climatological data for selected representative stations in
each of the three regions,

On the plateau the growing season is short. The number of days averaging
above 320 F, in 1951 (table 1) ranged from 93 at Flagstaff to 182 at Holbrook.
Precipitation is substantial along the southern rim of the plateau and in the
Flagstaff area but is insufficient for growing crops without irrigation in most
places where farmlands are available, The mean temperature is consider-
ably lower than in the other two physiographic regions,

In the mountain region the precipitation ranges from 10 to 20 inches per
year, depending on altitude and the relation of individual areas to the general
pattern of storm movement. Snow and rain in the higher altitudes provide
spring runoff which can be collected in the catchment area of the headwater
streams of the Gila River system. Precipitation in the mountain region
supplies much of the water used for agriculture in the desert region,

In the desert region the climate, except for the small amount of rainfall,
is highly favorable for farming. The growing season is long (table 1) and
the temperature is mild, The long, hot summer days give many crops an
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Figure |- Map of Arizona showing physiographic subdivisions.
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Table l.——Climatological data for Arizona
(From annual summary, 1951, U. S. Weather Bureau)

[A1titude Temperature Precipitation
(feet Period Period No. of days
Region and above of Max. Min. of averaging Average
station sea record Ave. 1951 1951 record Ave. above evapora—
level) (years) (°F.) O )L CeRL) (years) (in.) 32° F.,. 1951 tion(in.)
PLATEAU
Flagstaff 6,903 59 45 90 -8 59 L .2 93 -
Holbrook 5,069 59 55 104 0 61 8.0 183 =
Tuba City 4,936 46 55 104 8 U9 6.7 166 -
MOUNTAIN v
Payson Ranger Station 4,900 39 51 100 - Lg 20.6 108 -
Clifton 3,465 43 67 110 22 60 11.8 264 -
Roosevelt 2,200 46 68 112 25 U7 15.6 279 79.87
DESERT
Tucson, Univ. of Arizong 2.423 60 68 109 2 60 10.4 26k 82.95
Mesa 1,245 5L 68 112 22 5l T 276 80.5u
Yuma 138 7% Tu 11k 2L g2 3.6 279 115.41
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ideal environment. However, the rainfall is insufficient for raising crops
without irrigation, and water must be imported from outside the region or
pumped from underground reservoirs,

Geologyv

The character of the rocks exposed at the land surface in the three physio-
graphic regions of Arizona has had an effect on the development of agricul-
ture as important as the effects of physiography and climate,

In the plateau region three geologic features have been of importance in
the development of agriculture: (1) In the vicinity of the Little Colorado
River, along which limited irrigation with surface water is feasible, the for-
mations exposed at the land surface are predominantly clay and silt. These
formations provide an extremely fine-grained alluvial fill underlying the
river-botton lands. Only small supplies of ground water can be developed
from this alluvium. (2) Inthe southern, upland part of the plateau region
the rocks exposed are sandstone and fractured limestone that absorb water
readily, The permeable beds dip northward beneath the clay and silt along
the river and contain ground water under artesian pressure, which provides
a supplemental ground-water supply for farms in the river lowlands.

(3) In some volcanic areas of the region the highly water-retentive soil,
combined with higher precipitation, makes dry farming practicable on a
limited scale,

The complex geologic structure and the comparatively recent uplift of
the mountain region have resulted in a rugged terrain that has restricted the
development of farming in this region, The rock types of the region, pre-
dominantly granite, gneiss, and schist absorb little water. This feature,
combined with the high altitude and steep slope, results in the development
of relatively large quantities of runoff, Thus, the region is the principal
source of surface water for irrigating the lands of the desert region.

Geologically, the valleys of the desert region are highly suitable for agri-
culture, The alluvial fill in the valleys is composed of poorly consolidated
gravel, sand, silt, and clay and some caliche, Large quantities of ground
water are easily obtainable in most places, drainage is good, and sufficient
lime is present to maintain the soil in good condition except in unusual cir-
cumstances.

DEVELOPMENT OF IRRIGATION IN ARIZONA
By L. C, Halpenny

Prehistoric agriculture

Indians have practiced agriculture in Arizona since prehistoric times,.
The present-day Hopis raise corn and some vegetables on sand dunes,
depending on occasional scanty rains and following methods developed
hundreds of years ago. In some localities Indians have raised crops by util-
izing sheet runoiff from floods. In others, crude diversions from surface




6

streams provided water for irrigation. Only in the Salt River Valley and along
the Gila River in Pinal Ccunty was large-scale farming by prehistoric Indians
a success. Possibly as many as 200,000 Indians once lived in the Salt River
Valley, and remains of their ancient canals can still be seen in some places,

Present-day agriculture

The westward migration of members of the Mormon Church provided the
greatest stimulation to agriculture in the West since white men first saw the
country, Prior to the arrival of the Mormons, the white man in Arizona was
more interested in mining than in farming, Mormons began to settle in the
northern part of Arizona after the Civil War, where they found level land,
fairly good soil, and water supplies in limited quantities, Later, Mormons who
had traveled across the southern part of the State migrated to the flat lands
along the Salt and Gila Rivers. Settlements were made at Safford and Duncan
on the Gila River, at St, David and Pomerene in the San Pedro Valley, and at
Lehi in the Salt River Valley.

In those early days the only way to develop an irrigation supply was to dam
the nearest stream and divert the water through canals, Hence, the first set-
tlers in a valley would develop the lands at the upstream end, where runoff was
less likely to fail in dry seasons. Gradually, as additional people settled in
the valleys, settlements were made in downstream areas where crop failures
often resulted from lack of water, Large volumes of water could not be util-
ized. Commoily the spring runoff was greater than the demand for irriga-
tion. Summer rains would send floodwaters coursing through the streams,
tearing out the diversion dams and filling the canals with silt, The early-day
problem was not lack of water, but lack of means to control the water,

The necessity of conserving spring runoff and floodwaters for irrigation
led to the construction of large storage reservoirs along the streams, The
construction of Roosevelt Dam resulted in the more complete development of
the lands of the Salt River Valley. An era of agricultural prosperity resulted.
Other dams were constructed on the Salt, the Agua Fria, and the Gila Rivers.
The most recent were Bartlett and Horseshoe Dams, on the Verde River, The
usable storage capacity of the reservoirs on the Gila River and its tributaries
in Arizona was 3,446,000 acre-feet in 1952,

By 1920 a new problem began to develop in the Salt River Valley, Continued
application of irrigation waters began to,raise the water table in the western
part of the valley, and waterlogging of some farm lands resulted. The problem
was solved by sinking wells and pumping ground water to lower the water table
and drain the waterlogged lands. An irrigation district was formed to irrigate
new lands west of the problem area, using the pumped water,

This pumping demonstrated the feasibility of using ground water on a large
scale, and a new era of agricultural expansion was at hand. The development
of ground water as a source of supply for irrigation was the key to the next
forward step in the agricultural economy of Arizona.



Development of ground water for irrigation

Lee (1905, p.12) states that as early as 1900 ground water was being used for
irrigation in areas where the depth to water was shallow. At that time, large,
shallow dug or drilled wells provided water that was lifted by centrifugal pumps.
As these pumps could lift water only a short distance by suction, they had to be
lowered if the water table declined. The early-day sources of power were
unreliable, and the pumps were inefficient. As a result, ground-water with-
drawals generally were a last resort as a source of irrigation water.

The discovery at San Simon in 1910 of water under sufficient artesian pres-
sure to cause wells to flow started the first ground-water boom in Arizona.
Flowing wells had been discovered previously at St. David and at Artesia, but
these earlier discoveries were in already developed areas having limited sup-
plies of surface water and where only a small amount of land was available for
expansion., At San Simon, expansion was rapid from 1910 to 1913, and it con-
tinued through World War I, The large number of wells drilled, the lack of
adequate casing in the wells, and the lack of valves to shut the wells in when
not in use caused the artesian pressure to decline and many wells ceased to
flow. The diameter of the wells ranged from 2 to 8 inches, making it difficult
or impossible to install irrigation pumps. The decline of prices for agricul-
tural products after World War I, combined with the decline of artesian pressure,
caused the abandonment of many farms. This failure of farming by irrigation
with ground water was an early indication of the troubles facing Arizona today
in overdevelopment of her ground-water supplies.

It has been noted that the first successful ground-water irrigation project
in Arizona had devdoped early in the decade 1920-30 as an indirect result of
the reclamation of waterlogged, alkali-laden lands, During the balance of the
decade expansion of agriculture by irrigation with ground water was slow.

During the decade 1930-40, irrigation districts and individuals began to con-
struct large wells for supplemental water supplies. In a few areas, generally
on the fringes of irrigation districts, farms were developed using ground water
only. Later, ground-water irrigation districts were formed and irrigation with
ground water became a significant feature of the economy.

In the decade 1940-50, tremendous expansion of agriculture occurred. Sev-
eral factors contributed to the boom=--high prices for crops, increased efficien-
cy of pumps, decreased cost of power, availability of better fertilizers, crop
dusting by airplanes, introduction of cotton-picking machines, and removal of
cotton quotas, Increased withdrawals of ground water caused corresponding
declines of water levels in wells, and the question arose as to whether or not
the ground-water supply would last indefinitely. In 1945 legislation to regulate
the use of ground water was passed.

The 1945 law required that all wells having a yield of more than 100 gallons
per minute must be registered with the State Land Commissioner, In 1948 a
law was passed permitting the establishment of ‘‘critical ground-water areas,’
in which water levels had declined seriously and in which overdevelopment of
the ground-water supplies was readily apparent, A‘ter an area had been
declared critical, no new lands legally could be brought under irrigation with
ground water, Four areas have been declared critical under the 1948 law, two
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are in the Salt River Valley and two are in the lower Santa Crugz area (d.l).
PRINCIPLES OF GROUND-WATER OCCURRENCE
By L. A, Heindl and K, J. DeCook

The general principles of the occurrence of ground water in the region
described in this part of the report are common to all the individual areas dis-
cussed in Part II, As the occurrence of ground water is fundamentally related
to geology, the pages that follow provide a general description of the land forms
of the region, its geologic history, and the principal rock types and their water-
bearing properties.

Regional geology

It has been stated that Arizona is broadly divided into three physiographic
regions: (1) The plateau region, a portion of the Colorado Plateau in the north
and northeast parts of the State; (2) the mountain region, a comparatively nar-
row belt of mountains along the southwest margin of the plateau; and (3) the
desert, or Basin and Range region, an area of broad valleys and mountain
ranges in the southwestern half of Arizona. These three regions are an ex-
pression of differences in geologic structure and rock types. The divisions
between the regions are not sharp and clear-cut at all points, In places the
structural features and rock formations of one area merge with those of the
adjoining area, and the selected boundaries (fig. 1) are necessarily arbitrary,

The following discussion of geologic features is limited to the Basin and
Range region, the region of maximum ground-water development,

Geologic Structure

The Basin and Range country is composed of broad, gently sloping valleys
and rugged mountain ranges that rise abruptly above them, These alternating
mountains and valleys are the result of large-scale faulting along a predom-
inantly northwest trend which resulted in the depression of some blocks and the
relative uplift of adjacent blocks. The depressed areas were partly filled with
sediments washed from the uplifted blocks and now form the valley floors.

Deep holes drilled at various places have encountered the bedrock of struc-
tural troughs at depths from 3,000 to 5,000 feet or more below the surface of
the alluvial plains.

The present relations of mountains to valleys are the cumulative result of
many separate events occurring over a geologically long period of time, The
sequence of events was not necessarily the same in the various basins, nor was
the deposition of the valley fill uniform. The apparent continuity from basin to
basin in many cases exists only in the upper parts of the alluvial fill, Conse-
quently several basins, particularly east of the Upper Santa Cruz basin, are
structurally and hydrologically separate,
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Land forms and drainage

With the exception of the Willcox and Douglas basins, the surface drainage
of most of the individual basins in southern and western Arizona is to the Gila
River., The Gila River, through a complicated and as yet incompletely under-
stood history, has established its course westward along the valleys and through
the mountains, The Willcox basin has no surface outlet, and the surface drain-
age in the Douglas basin flows southward to join the Yaqui River in Mexico,
The altitude of the tributary channels of the Gila River is about 4,000 feet at
the Mexican border and that of the Gila River at Wellton is about 300 feet.

The basins range in width from 5 to 30 miles or more, and in length from 20
to more than 80 miles, The valley floors slope from the mountains toward the
drainage axes in a series of graded surfaces, and the streams commonly have
incised inner valleys along their courses, The mountain areas are generally
high and ruggedly dissected, with steep stream gradients. At the foot of the
mountainsthe gradients flatten abruptly, the gently sloping surfaces being those
of alluvial fans or, in some areas, rock-cut slopes known as pediments,

In general, the mountain summits are 3,000 to 5,000 feet above the adjoining
valley floors. Mount Graham is more than 7,000 feet higher than the valley at
Safford; the mountains in the Wellton~Mohawk area are less than 2,000 feet above
the plain, The margins of the valley floors are from a few hundred to more
than a thousand feet higher than the central stream channels,

Although the essential Basin and Range structures are probably similar
throughout the region, there are important differences between the valleys of
southeastern Arizona and those of central and western Arizona. In southeastern
Arizona the valleys and mountains are approximately equal in area; the valley
slopes are comparatively pronounced; and the dissection of the mountains is
only moderately deep, In central and western Arizona the valleys have a much
greater areal extent than the mountains; the valley slopes are comparatively
gentle; and the dissection of the mountains is deep. The deeper dissection of
the mountains and the greater extent of the alluvial fill suggests that the Basin
and Range topography in the central and western parts of the State has been
stable for a much longer period than it has in the southeast,

Along many of the mountain fronts, between the edge of the visible mountain
mass and its structural boundary farther toward the valley, there are areas
where the bedrock has been eroded approximately to the slope of the valley fill,
This gently sloping eroded rock surface passes under the alluvial fill with a
gradient slightly greater than that of the fill and becomes progressively deeper
toward the structural boundary, where it plunges abruptly to still greater depth.
These rock slopes are called pediments, They occur most commonly at the base
of granitic hills but are known to be cut upon volcanic and older sedimentary
rocks also.,

Although the pediments are gently sloping they are not smooth surfaces, and
small hills and bare rock areas protrude through the alluvial veneer in many
places, Irregularities in the buried bedrock are usually reflected in the over-
lying sediments, and they result in a gently rolling topography that is markedly
different from the flat surface of the alluvial fill,
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Pediment areas are important in that they reduce, in proportion to their
extent, the storage capacity of the ground-water reservoirs in the valleys adja-
cent to them, Alluvial surfaces thet are underlain by pediments must be ex-
cluded in computing the area of sediments beneath which ground water is stored,
because the bedrock surfaces of the pediments are almost everywhere far above
the level of the water table in the valleys,

Geologic history

The occurrence of ground water in southern arigona is closely related to the
post-Cretaceous geologic history of the rock units of the region, I.ock units of
the earth have been grouped, according to age, into several rock systems, and
these systems have been divided into several series, This grouping forms a
scheme that is indispensable for the orderly description of the rock units of the
earth, The grouping is shown here, with estimates for the time in millions of
years since some of the rocks were laid down (Miller, 1941, p. 51):

:.pproximate date of begin-
ning of time unit shown
Fock groups (millions of vears aco)

Cenozoic rocks
Quaternary system 1
I.ecent series
- Pleistocene series
Tertiary system o0
Pliocene series
Miocene series
Eocene series
Pzleocene series
Mesozoic rocks _ 200
Cretaceous system
Jurassic system
Triassic system

Paleozoic rocks 500
Permian system
Carboniferous system
Pennsylvanian series
Mississippian series
Levonian system
oilurian system
Crdovicien system
Cambrian system

Pre-Cambrian rocks 2.000
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Geologic units discussed in this report may be made up of rocks of two or more :
ages. They are grouped together when they form a unit in terms of their re-
lation to ground-water occurrence in the region,

The oldest rocks exposed in the region are schists of pre-Cambrian age,
There is evidence that the schists were originally sedimentary and volcanic
rocks. These rocks were intruded by granitic masses and mountains were
formed. The earlier pre-Cambrian rocks were subsequently eroded to relat-
ively level surfaces and covered by late pre-Cambrian sediments, In local
areas volcanic flows were extruded at the end of pre-Cambrian sedimentation,

During the Paleozoic era seas encroached upon the land and marine sedi-
ments were deposited in places to thicknesses of several thousand feet, The
sediments deposited during late pre-Cambrian and early Paleozoic time were
predominantly detrital, and during late Paleozoic time, predominantly cal-
careous,

After the deposition of Paleozoic sediments, a period of regional uplift
occurred, following which the rocks were deeply eroded, Later in the Mesozoic
era, during early Cretaceous time, a thick series of marine sediments, con-
sisting largely of sandstones, shales and some limestones, was deposited upon
the pre-existing rocks. During late Cretaceous time continental and volcanic
deposits were laid down over a large area, After the deposition of the Cre-
taceous rocks, the region was folded and faulted,

This deformation was followed at the end of Cretaceous or the beginning of
Tertiary time by extensive volcanism which deposited lava, tuff, ash, and
agglomerate, Large-scale movement along northwest-trending faults, during
early and middle Tertiarytime,is believed to have formed the general outlines
of the Basin and Range structure, It is probable that movements have coritin-
ued intermittently, and with moderated intensity, to the present time,

During and after the faulting, the intermontane basins began to receive
detritus derived from erosion of the upfaulted mountain areas, In addition,
during late Tertiary time and Quaternary time basaltic lavas were periodically
and locally extruded, and fine-grained sediments were deposited in lakes and
playas.

After the deposition of the valley fill, the Gila River established its present
course through the region, marking the beginning of a period of dissection which
has continued, with some interruptions, to the present, The interruptions are
marked by the presence of prominent terraces,

The deposition of Recent alluvial fill in the inner valleys of some of the
basins implies a change in conditions since the latest period of major downcut-
ting, Within historic time, gullying of Recent alluvial fill has taken place in

many of the basins,

Rock types and their hydrologic properties

Rock types, as shown on maps accompanying this report, consist of: (1) The
crystalline and metamorphic complex; (2) pre-Tertiary sedimentary rocks;
(3) sedimentary rocks of possible Cretaceous or Tertiary age; (4) Tertiaryand

Quaternary terrace deposits; (5) Tertiary and Quatérnary alluvial fill; (8) Re-
cent alluvial fill; (7) volcanic rocks of Cretaceous or Tertiary age; and
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(8) Quaternary volcanic rocks,

Crystalline and metamorphi: complex.--The compex is composed largely of
granitic rock, schist, and gneiss of pre-Cambrian and younger ages. It forms
a large proportion of the exposed bedrock areas, particularly in the mountain
areas surrounding the Salt River basin and in the Santa Catalina, Rincon, and
Pinaleno Mountains. These rocks range in texture from coarsely crystalline
granite and gneiss to fine-grained schist and dikes, The rocks in places are
highly fractured and are weathered to varying depths depending both upon the
degree of fracture and upon their composition, The complex yields only a
limited amount of ground water from weathered and jointed zones.

Pre-Tertiary sedimentary rocks,--The pre-Tertiary sedimentary rocks in-
clude conglomerate, quartzite, sandstone, shale, and limestone of pre-Cambrian,
Paleozoic, and Mesozoic ages. The total thickness locally may be greater than
10,000 feet, although in most places erosion has stripped away much of the
thickness. Igneous sills up to a few hundred feet thick have been locally mapped
with this unit, The older sedimentary rocks are folded and faulted and are
highly fractured in many places, Ground water is found in only small quantities
in the pre-Tertiary sedimentary rocks except locally where faulted or solution-
channelled limestones carry large volumes of ground water,

Cretaceous (?) or Tertiary (?) sedimentary rocks.--Sedimentary rocks of
possible Cretaceous or Tertiary age are exposed in small areas, These con-
sist of conglomerate, sandstone, gypsiferous beds, and fresh-water limestone
that are in fault contact with rocks of older or younger age. They may contain
ground water in small quantities,

Tertiary or Quaternary terrace deposits.--Small exposures of Tertiary or
Quaternary terrace deposits occur in the Salt River Valley area, These deposits
are composed of river gravels that are now above the general valley floor and
represent stages in the development of the present topography., They are not
known to carry ground water,

Tertiary and Quaternary alluvial fill.--The sedimentary rocks of Tertiary
and Quaternary age compose the older alluvial fill which occupies much of each
structural basin, The older fill represents several ages and environments of
deposition, The portion of it that is exposed at the surface is principally of
Quaternary age. The age of the sediments increases with depth, and the deeper
strata of the fill are of Tertiary age.

The materials of the older fill were eroded from the adjacent mountain
masses by stream and sheet runoff originating in the mountains, As the slope
flattened toward the valley and the carrying power of the water diminished, the
boulders were dropped first, followed by gravel, sand, silt, and clay. There-
fore, most deposits grade in texture from large boulders on the higher slopes
near the mountains to fine-grained sediments toward the axes of the valleys,
During large floods, coarse gravel and sand were deposited in channels farther
down the slopes above finer materials., Shifting of the channels from time to
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time resulted in the irregular lens-like pattern typical of the alluvial fill,
Because of these varying conditions, there is little continuity, either vertically -
or laterally, in the lenses of gravel, sand, and silt that constitute most of the
valley fill, Closely ad)acent drill holes are likely to penetrate entirely dis-
similar materials at any given depth.

An exception to the irregular sequence is the common occurrence of consid-
erable thicknesses of lake-bed clay in the upper part of the older valley fill,
These clay beds are not altogether homogeneous but locally contain lenses of
gravel, sand, and sandstone, and they are intercalated in many places with
gypsiferous and calcareous beds.

Logs of deep drill holes show that in several basins the earliest deposits
consist of conglomerate of volcanic and granitic material, These basal deposits
are overlain by lake beds which in turn are overlain by deposits of younger,
coarser material, Basaltic flows and beds of tuff are intercalated within the
series, The total thickness of the alluvial fill and the included volcanic rocks
varies from basin to basin, In individual basins it ranges from 3,000 to 5,000
feet or more near the axes to a feather edge toward the margins, Locally the
lake beds within the sequence are known to be 1,500 feet thick,

Ground water contained in the coarser, more permeable beds of the older
alluvial fill forms the principal supply used for irrigation in many basins,

The ground water above the lake beds is generally nonartesian, whereas the
water within or below the lake beds is, in some of the basins, under some
artesian pressure. Commonly the deeper aquifers, because of their fine-
grained texture, greater compaction, and tighter cementation, provide only small

to mcderate yields.

Recent alluvial fill,--The flood plains of the present streams are underlain by
Recent alluvial fill consisting of unconsolidated gravel, sand, and silt up to
150 feet or more in thickness, These deposits occupy channels, often referred
to as “‘inner valleys,’’ incised into older rocks, generally the older alluvial
fill, Many domestic and stock wells obtain their water from the Recent
alluvial fill, and in many basins occupied by permanent streams the Recent
alluvial fill supplies most of the ground water used for irrigation, Individual
wells obtaining water from the alluvium have large yields because of its coarse
texture and unconsolidated nature,

Cretaceous (?) and Tertiary (?) volcanic rocks,--Cretaceous (?) and
Tertiary () volcanic rocks consist of rhyolite, latite, dacite, trachyte, and-
esite, and basalt in the form of flows, intrusive dikes and sills, and pyro-
clastic(explosively emitted) tuff, ash, and agglomerate. They are interbedded
with sedimentary materials and in some places the pyroclastic materials form
a large percentage of the detrital deposits. No volcanic rocks of pre-Cretaceous
age have been reported in the areas mapped except as fragments in the clastic
sediments of Cretaceous age. The Cretaceous (?) and Tertiary (?) volcanic
rocks commonly are broken into fault blocks and in some places have been
warped into shallow folds.

Water occurs in limited quantities in fissures and in porous pyroclastic
materials, Some domestic and stock wells and small springs obtain ground
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water from these rocks, Basalt interbedded with alluvial sediments is the
source of sufficient water for irrigation in a few places.

Quaternary volcanic rocks,--Quaternary volcanic rocks consist almost en-
tirely of basalt flows and in many areas have not been mapped separately from
the Cretaceous (?) and Tertiary (?) volcanic rocks, Locally the basalt is of
considerable extent and is generally extensively jointed. However, it lies
above the water table in most places and consequently is of minor importance
in the storage and transmission of ground water.

Common misconceptions about geology in relation to ground water

It has been stated frequently that large quantities of ground water enter the
Salt River Valley area, probably at considerable depths, from distant sources -
such as the State of Colorado, the Mississippi basin, and the Colorado River,
These concepts are offered not as opinions but as unqualified statements of .
fact., The existence of underground rivers, lakes, and similar phenomena is
claimed in support of these ideas and in explaining the supposed movement
of vast quantities o ground water through hundreds of miles of practically
impermeable rock, in many cases from lower to higher elevations,

Another misconception that has gained considerable credence is that of a
tremendous fault that is supposed to extend from the vicinity of Camp Verde
in Yavapai County to the Gila River just east of Wellton in Yuma County.

- This fault is supposed to continue without interruption for approximately
200 miles, to be the source of various hot springs in the region, and to be
a conduit for the transmission of large quantities of ground water of un-
determined origin,

A single fault or a fault series having such continuity would necessarily
involve a throw or displacement of considerable magnitude, There is no
visible displacement or topographic expression of such a structural feature
between its supposed limits, Furthermore, the postulated northeast trend
of the fault is perpendicular to the prevailing structural trend of the region,

These misconceptions have no basis in fact. They are opposed to the
fundamental laws of physics and to long-established, thoroughly proved
geologic concepts of the structure and character of the earth’s crust as
applied to this region, The only reason for mentioning the common mis-
conceptions in the present discussion is that they have caused confusion
in the minds of many people who are vitally concerned with the subject of
the ground-water resources of the State,

Numerous accounts of unusual ground-water occurrences have been received
in field offices of the Geological Survey. Most of these reports were made by
thoroughly honest and sincere individuals, As an example, wells supposedly
encourtering underground rivers have been frequently reported, These
usually have proved to be wells into which water was leaking through perfora-
tions from a local perched source above the water table, The sound of the
falling water, combined with the agitation of the water-table surface in the
well, has produced the very realistic illusion of a current moving rapidly across
the well at the water line. In no case has it been possible to substantiate the

reported conditions after careful investigation in the field,
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Regional hvdrology

Occurrence of ground water

The most important source of ground water in the desert region of south-
ern Arizona is the alluvial fill, The preceding section contains brief statements
regarding the occurrence of ground water in each of the principal rock types
of the region. The following paragraphs describe in greater detail the occur-
rence of ground water in the older and Recent alluvial fills.

The principal aquifers of the alluvial fill are permeable lenses of sand and
gravel interfingered with relatively impermeable lenses of silt and clay., Al-
though silt and clay are highly porous, they yield little or no water to wells.
The small particles of silt and clay provide a large surface area in propor-
tion to volume, and therefore the water among the particles is retained by sur-
face attraction, In contrast to that of the silt and clay, the large grain size of
sand and gravel affords a relatively small proportion of surface area to volume,
and therefore much of the water they contain moves freely in response to

gravity,

Ground water in older alluvial fill ,~~Water-bearing beds of sand and gravel
in the older alluvial fill occur at many different levels, and a single well may
penetrate several water-bearing strata, The aquifers are generally intercon-
nected and a single water table is common to an area, However, owing to the
lens-like character of the aquifers, in some cases the interconnection among
them is poor, so that pumping from one well does not always immediately af-
fect water levels in nearby wells, Water-bearing beds at one or more levels
in parts of some valleys are sealed off one from another, or at least separat-
ed over large areas, by impervious clay and silt beds. Consequently, two
fairly distinct conditions of ground-water occurrence exist in the older allu-
vial fill: (1) Waters under little or no artesian pressure, and (2) waters under
definite artesian pressure,

Water under considerable artesian pressure occurs both within and below
the lake beds in some areas, and water under little or no pressure commonly
occurs above the lake beds and along the margins of the valleys. Nonartesian
aquifers lie at depths ranging from a few feet to many hundred feet below the
surface, Artesian aquifers commonly yield water at depths ranging from
about 700 feet to 1,500 feet and are known to yield water from depths as great
as 3,500 feet. The yield from wells in artesian aquifers is generally less than
from wells in the nonartesian aquifers, owing in part to the greater depth and
compaction of the artesian aquifers.

Perched water may occur in the alluvium overlying a pediment along the
sides of a valley, or locally above a lens of clay in the main body of alluvial
fill, The term ‘‘perched water’’ is applied to ground water that occurs in
local areas at altitudes above and separated from the main water table of the
region, Perched water is the source of supply for some small domestic and
stock wells but the supply is local and the amount is small, Wells of this type

are likely to go dry during periods of drought.
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Ground water in Recent alluvial fill.--Recent alluvial fill contains relatively
large quantities of ground water in areas where it extends below the level of the
water table., The water is not under artesian pressure. The Recent alluvial fill
is 150 feet thick or more and in most places lies in channels incised in the older
alluvium,

The Recent alluvial fill receives ground water discharged from the older fill
in areas where water in the older fill is under greater hydrostatic pressure,
The older fill receives water from the Recent fill along stream channels at the
margins of the valleys and in some places along through-flowing streams where
the water table in the older fill lies below the bottom of the Recent fill,

Source and recharge of ground water

Water is recharged to the ground-water reservoir in the individual basins
from several sources, These are: (1) Precipitation; (2) surface runoff;
(3) underflow from outside the basin; (4) seepage from irrigated lands and
canals; and (5) seepage from springs.

Recharge from precipitation.-=1It is generally accepted that the ultimate
source of ground water is precipitation, Precipitation in the desert region of
Arigzona is only a fraction of the potential evaporation,because of the arid cli-
mate, The low ratio of precipitation to potential evaporation has a profound
effect on the amount of water available for recharge, Little direct recharge
occurs in the mountains and foothills from precipitation, owing to the steep
slopes and the impermeable character of the rocks, Experiments have demon=
strated that normally precipitation on the desert surface of the alluvial fill
does not appreciably recharge the ground-water reservoirs, though considerable
direct recharge may occur in exceptionally wet years. The water is lost
mainly by evaporation and transpiration, and even after heavy rainfall the
soil generally is dry a few inches below the surface, The water generally does
not penetrate below the soil and root zone to the ground-water reservoir be-
cause the infrequent rainfall seldom saturates the soil and because in places
impervious clay or caliche underlying the surface prevents the downward per=
colation of moisture,

Precipitation on irrigated lands may provide recharge at times when pre-
viously applied irrigation water has saturated the soil, and at places where
no impermeable barriers to downward percolation exist, Furthermore, pre-
cipitation on irrigated lands conserves the water supply indirectly by reducing
the need for additional applications,

Although precipitation on the desert area normally does not result in
appreciable recharge, it is impcrtant in providing a part of the water for the
runoff which is the major source of recharge in many areas of Arizona,

Recharge from surface runoff.-- Under natural conditions, the principal
source of recharge to the alluvial fill of the desert region of Arizona is surface
runoff, Recharge from runoff is greatest in washes issuing from the mountain
fronts and in the centers of those valleys that contain a through-flowing stream
underlain by Recent alluvium,

Recharge along the mountain fronts occurs where the runoff in stream
channels crosses coarse permeable materials of the older alluvial fill, As
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the runoff proceeds to lower elevations it passes over progressively finer-
grained materials and a decreasing proportion of the runoff is recharged. On
the basis of long-range studies of rainfall and runoff, it is estimated that 8 to 15
percent of the total precipitation in the mountain areas becomes runoff
(Cooperrider and Sykes, 1938, p.45; Peterson, 1945; Schwalen, 1942; Sondregger
and others, 1929; Rich, 1951, p, 11); and that as much as 50 percent of this run-
off may be recharged to the ground water in the pervious zone immediately
adjacent to the mountain front (Babcock and Cushing, 1942, pp. 46-49) and
through the Kecent fill in the stream channels downstream from the pervious
zone near the mountain,

Many of the basins in the desert region are drained by streams having well-
developed channels, The Recent alluvium in these channels is permeable and
much of the runoff seeps downward into the coarse sand and gravel, Studies
indicate that under ideal conditions nearly all the flood runoff is recharged to
the ground-water reservoirs in some valleys.

Underflow.--A source of recharge to some basins is movement of ground
water from upstream areas through the permeable alluvium underlying stream
channels, This movement is called ‘‘underflow.’”’ It constitutes a source of
recharge to the lower basin and simultaneously a method of discharge from the
upper basin, Underflow is not truly a source of recharge to the ground-water
reservoirs of the region as a whole, but is recharge only when considered with
respect to individual basins,

Seepage from canals and irrigated fields.--In irrigated areas, surface water
brought to the lands and ground water pumped from wells are a source of re-
charge, Experiments at Safford showed that as much as a third of the flow in
canals and a quarter of the water applied to fields for irrigation was recharged
to the ground-water reservoir. The quantity of recharge depends on the per-
meability of the soil and on the amount and rate of application of irrigation wa-
ter, In some areas recharge from irrigation is believed to be negligible,

Movement of ground water

Movement of ground water is controlled by three factors: (1) The permea-
bility of the material; (2) the hydraulic gradient; and (3) the cross-sectional
area of the saturated zone. In most places in the desert region, ground water
establishes a gradient somewhat more gentle than the gradient of the land sur-
face, Water moves under the force of gravity and, although its course is con-
trolled to some extent by local cementation, clay barriers, buried hard-rock
masses, fault zones, and the erratic shape of individual lenses, the movement
of the water is down gradient toward the point of lower hydraulic head. The
rate of movement of ground water in the alluvium ranges from a few feet to a
few thousand feet per year. The most rapid movement is generally basinward
from sources of recharge along the margins of the basin, where the gradient
is greater and the permeability is higher.

The same forces that control the movement of ground water within a basin
aet to control movement between basins, Where there is contact between the
ground-water reservoirs of adjoining basins, water will move in the direction
of the hydraulic gradient, generally from the higher to the lower basin,
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In some areas, separate structural troughs have been filled with alluvial
" material to a level above the hard-rock divides separating them, Where the
water table in the alluvium is higher than the hard-rock divide, interbasin
movement of ground water is possible. In some areas headward erosion of
tributary streams from one structural basin have cut into the alluvial fill of
an adjoining basin and have captured a part of the runoff and the ground wa-
ter in storage.

Discharge of ground water

Ground water is discharged both through wells and by natural processes.
Discharge through wells includes: (1) Pumpage; (2) flow from artesian wells;
and (3) leakage from artesian aquifers lost through defective or corroded
well casings., Natural discharge occurs by: (1) Evaporation; (2) transpira-
tion by phreatophytes; (3) effluent seepage; (4) underflow; and (5) spring flow.

Discharge through wells .--Withdrawal of ground water by pumping, e spe-
cially in the areas where irrigated farmlands have been widely developed,
represents a major part of the discharge in many of the ground-water basins
in Arizona, Pumping from wells upsets the balance between recharge and
natural discharge. Discharge by pumping intercepts ground water that would
otherwise be discharged by natural processes, Excessive pumping causes
total discharge to exceed total recharge in a basin and thereby requires with-
drawal of water from storage and results in a decline of the water table,

Flowing wells are a local source of water for irrigation in some parts of
Arizona, Most flowing wells in Arizona are not equipped with shut-off valves,
so that they flow all year long and are put to beneficial use only during the
growing season., Many thousand acre-feet of water are wasted each year in
this way; the losses could be substantially decreased by shutting off the flow-
ing wells when there is no use for the water,

An undetermined amount of ground water is discharged from artesian
aquifers to permeable beds in which the water is under lower hydrostatic
pressure, by leakage through or around deteriorated casings or through par-
tially cased wells. This leakage causes a decline of artesian head, and the
water lost may not be as easily recoverable from the upper horizons. Such
leakage can be decreased by casing wells to their entire depth and by perfo-
rating only below the confining stratum of the artesian system,

Natural discharge.--Locally, direct evaporation is an important method of
discharge from areas where the water table is shallow, In these areas, water
moves upward from the water table through capillary openings and evaporates,
Depending upon the character of the rock materials, evaporation of ground
water occurs from depths as great as 10 feet,

Large amounts of ground water are discharged in many areas through
transpiration by phreatophytes. Transpiration is discharge of water by plants,
and phreatophytes are growing plants that use ground water. It is estimated
that approximately 1,375,000 acre-feet of ground water per year is used by
phreatophytes in Arizona (Robinson, 1952, p. 60). Transpiration by phreatophytes.
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not only reduces the amount of water available for recharge but also causes
direct discharge of ground water, The annual quantity of ground water dis-
charged by phreatophytes is different for each plant species and is affected
by differences in altitude, length of growing season, character of soil, and
depth to water. For example, mesquite trees transpire water withdrawn from
the ground-water reservoir from depths down to 60 feet. Experiments in the
Safford Valley (Gatewood and others, 1950, p. 195) indicate that, for the spe-
cific conditions there, the annual rates of water use, in acre-feet per acre,

of several species are: Saltcedar, 7.2; cottonwood and willow, 6.0; baccharis,
4.7; and mesquite, 2,2, These data are for 1 year only, for average depths to
the water table, and for 100 percent density of growth. They indicate the rela-
tive magnitude of water use by the different plants,

Discharge of ground water by seepage occurs where the water table is at or
above the land surface, In recharge areas, where water enters highly permeable
materials, seepage is almost entirely influent, or to the water table. As ground
water moves to lower altitudes, the water table intersects the land surface and
seepage becomes effluent. Discharge by evaporation and transpiration may de-
press the water table and reduce effluent seepage. A downstream constriction
that reduces the cross-sectional area of a valley through which ground water
is moving may cause the water table to rise and increase effluent seepage.

Ground water is discharged as underflow from individual basins by moving
downstream through the permeable alluvium underlying stream channels.

Ground water is discharged through springs in places where the water table
intersects the land surface or where water under artesian pressure finds an
outlet, Water-table springs yield water whose temperature is approximately
the mean annual temperature of the region. Their yield fluctuates widely in
response to the position of the water table, Artesian springs discharge warm
to hot water, in some places highly mineralized, and their yield fluctuates less
than that of water-table springs. The average discharge of springs in the region.
ranges from 1 to 10 gallons per minute and exceptional springs yield as much
as 1,000 gallons per minute. Springs are not an important source of water for
irrigation in the region because their yield is relatively small and declines in
dry seasons. In comparison with discharge of ground water by the other
methods described in the foregoing paragraphs, the total discharge of ground
water by springs is negligible,

Storage of ground water

Thousands of years were required to accumulate the ground water in storage
in the alluvial-filled basins of Arizona. After the basins were filled, a natural
balance between recharge and discharge developed, This balance has been dis-
turbed by pumping for irrigation., During the last 15 years it has become evi-
dent that withdrawal of ground water by pumping has greatly exceeded the natu-
ral recharge in some areas and consequently the quantity of water in storage
has decreased. Although this decrease is not large in proportion to the aggre-
gate of water stored in the basins, it has occurred near the upper limits of the
aquifers, where the materials are the most permeable and the proportional a-
mount of water in storage is greatest, As the amount of water in storage
continues to be depleted by pumping for irrigation, and as the water table
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continues to drop, withdrawal of ground water will become progressively more

difficult and expensive. .
In this report, estimates have been made of the amount of water in storage

in a layer 300 feet thick below the water table in some of the individual basins,
The availability of artesian water and the relation between ground water in
older and in Recent alluvial fill are also considered in the estimates for

some basins,

In computing the volume of water stored in this 300-foot layer, the large
amount of water held by molecular attraction and surface tension (the spe-
cific retention) is not considered. In regard to the remaining ground water
in storage (represented by the specific yield), a distinction must be made
between the amount that is free to drain by gravity and the amount that can be
withdrawn for irrigation. In this report, the total amount of water that is free
to drain by gravity from the saturated rock within an entire alluvial-filled
basin is called ‘‘latent storage,’’ and that part of the latent storage that is
theoretically available to wells (not necessarily feasibly) within the periphery of
existing irrigated lands is called ‘‘underlying storage.’’

Latent storage is not a pertinent quantity in determining the amou nt of
ground water available for irrigation, for it includes ground water throughout
an alluvial-filled basin, Some of the water included as latent storage lies
hundreds of feet below the land surface along the margins of the basins, To
be utilized for irrigation, this ground water would have to be lifted from great
depths and transported many miles in canals, Water withdrawn from latent
storage outside irrigated areas is used for municipal, mining, and military
supplies in some parts of Arizona., Estimates for latent storage in some
basins were prepared to provide quantitative data for relating the rates of
recharge and discharge to the whole regimen of the ground-water reservoirs,

For irrigation, the most important part of the stored ground-water supply
is the ““underlying storage.’”’ In computing underlying storage in the 300-foot
layer below the water table it was assumed that a vertical boundary exists
around the periphery of each of the irrigated areas, It is obvious that if this
300-foot layer could be unwatered, the bounding surface would slope inward
toward the pumped area and would not be vertical, This factor may be con-
sidered to be a self-compensating error because the part of the ground-water
reservoir outside the assumed vertical boundary that undcubtedly would be
unwatered and would add to the underlying storage would, in general, tend to
be balanced by the part of the ground-water reservoir inside the vertical
boundary that could not be unwatered practicably. Therefore, for the purposes
of this report, the assumption of the vertical boundary is considered valid,

It is believed by the authors that not all the water in a 300-foot layer below
the 1952 stage of the water table in the irrigated areas of Arizona could feasibly
be withdrawn for irrigation under 1952 conditions of withdrawal, The figures
for underlying storage as given in this report are considered a maximum,
possibly obtainable under ideal conditions of uniform aquifers, scientific well
spacing, and rigorous control of exploitation. The figures for underlying
storage cannot be construed to represent ground water available for irrigation
under current conditions and must be revised downward in the light of local
conditions and practices, The amount of downward revision necessary is

beyond the scope of this report.
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Fluctuations of ground-water levels.--Fluctuations of water levels indicate
changes in the quantity of water stored and occur chiefly in reponse to changes
in the rates of recharge or discharge of ground water, They may be broadly
classified as seasonal or persistent, In areas where recharge is comparative-
ly slow and where irrigation pumping is heavy, the water table has declined
persistently and the amount of water in storage has decreased, Where the
rate of recharge is high in proportion to the amount of water pumped for irri-
gation, water-table fluctuations are seasonal but no persistent decline is
noted. Local fluctuations of the water table may occur also as the result of
local changes of pumping from wells,

Cones of influence and well interference,--Pumping a well in a nonartesian
aquifer unwaters part of the aquifer in the immediate vicinity of the well. This
causes a temporary local depression of the water table, called a ‘‘cone of de-
pression’’ because its shape resembles that of an inverted cone of which the
well bore represents the axis, The surface of the cone is the surface of the
temporarily depressed water table, As pumping continues, the cone becomes
deeper and broader until it diverts an amount of water, formerly discharged
elsewhere, equal to the amount pumped from the well, The shape of the cone
and the time required for recovery of the water table after pumping is stopped
are controlled by the hydrologic character of the materials comprising the
aquifer.

A ‘‘cone of pressure relief’’ develops around a well producing water from
an aquifer under artesian pressure, no matter whether the well is flowing or
is being pumped. A cone of pressure relief differs from a cone of depression
in that the confined aquifer is not temporarily unwatered around the produc-
ing well, The cone is imaginary and its shape represents a temporary re-
duction of artesian pressure, greatest at the well and becoming less pro-
gessively farther from the well, However, the behavior of the cone of pressure
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relief is completely analogous to that of the cone of depression in a water table,

The rate at which a cone of depression or a cone of pressure relief will
develop and spread is related to the fundamental difference between water-
table and artesian conditions, A cone of depression develops more slowly
than a cone of pressure relief, because the amount of water drained by gravity
from the pores of a water-table aquifer is much larger than that derived by
the compaction of an artesian aquifer as its head is lowered; thus the water
for a water-table well is derived from a much smaller volume of the aquifer
than that for an artesian well,

An example of the rate of spread of a cone of depression surrounding a
pumped well is seen in a study of a graph from a continuous water-stage re-
corder installed in an observation well by the Geological Survey. In August
1952, approximately 30 hours after an irrigation well began pumping at a
distance of three quarters of a mile from the observation well, the graph show-
ed a lowering of the water table progressing at the approximate rate of 1 foot of
decline in 44 hours of pumping.

An example of the rate of spread of a cone of pressure relief in an artesian
well is seen in data collected during a pumping test conducted by the Geologi-
cal Survey near Snowflake, Ariz,, in September, 1950, Approximately 15 hours
after a well which partially penetrated an artesian aquifer began pumping, the
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water level in an observation well 4,800 feet from the pumped well was de-
clining at the approximate rate of 1 foot in 12 hours.

Well interference occurs between two or more pumping wells when their
respective cones of depression or of pressure relief spread sufficiently to
overlap, The pumping lift in each of the wells thereby becomes greater than
if only one of the wells were being pumped. Knowledge of the hydrologic

character of an aquifer provides a basis for spacing wells so as to reduge or
eliminatewell interference, Spacing of wells, no matter how done, obviously

cannot make a basin yield perenially at a rate greater than the total recharge

from all sources, though under some conditions scientific spacing may in-
crease total recharge and reduce wasteful natural discharge.

QUALITY OF GROUND WATER
By ]. . Hem

An important feature of ground-water investigations is determination of
the chemical quality of the ground water and its effect on the usefulness of
the water. The types of mineral matter in the water and their concentration
determine the suitability of the water for agicultural or industrial use, and

_for domestic or municipal supplies., Water analyses made by the Zeological
Survey determine only the chemical properties of the waters,

The ground water in Arizona is derived from rain and sncw containing
small amounts of dissolved mineral matter, When the water reaches the
ground it begins at once to dissolve mineral matter from soil and rocks. The
amounts and kinds of dissolved matter contained in the ground water depend
upon the types of rocks through which the water moves and upon the length
of time the water is in contact with them, Some rock formations contain
readily soluble salts, and waters derived from these formations may con-
tain so much mineral matter in solution that they cannot be used. Other rocks,
particularly those of the crystalline complex in the mountain areas,contain
comparatively few soluble materials and the water derived from them may
contain only a little more dissolved matter than rain water.

The mineral content of waters analyzed is expressed in terms of parts by
weight of dissolved matter, per million parts of water. The following chemi-
cal constituents and allied information are reported in most analyses: Silica;
calcium; magnesium; sodium; potassium; bicarbonate; sulfate; chloride;
fluoride; boron; nitrate; hardness; dissolved solids; percent sodium; and
specific conductance, All except the last two of these are commonly reported
in parts per million, Specific conductance is a measure of the ability of the
water to conduct an electric current and, indirectly, of the concentration of
mineral matter. It is reported in micromhos.

Significance of constituents in water analyses

Silica is found in all ground waters but is likely to be of higher concentra-
tion in water that has passed through areas of igneous rocks. Silica contributes
to boiler scale and is especially undesirable in industrial water supplies.
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Calcium ispresent in practically all ground waters, It is dissolved in

large quantities from deposits of caliche, limestone, or gypsum, Magnesium,
a common element, is found in nearly all ground waters, It is dissolved in {
small amounts from most limestones and in larger amounts from deposits of \
dolomite and other magnesium-bearing rocks, Most of the hardness, which \
makes water objectionable for use in washing and for other purposes is ‘
caused by dissolved calcium and magnesium,

Sodium and potassium make up a large part of the dissolved matter in many
ground waters of Arizona. Generally the potassium is less than 10 percent of
the total content of sodium and potassium together, and often is not separately
reported in the analyses. Sodium is dissolved in small amounts from many
rocks and is dissolved in large amounts from salt beds and saline residues
that may be found in the lake and playa deposits,

Bicarbonate is present in nearly all ground waters of the State, Its
presence is generally due to the following chemical process: The water dis-
solves carbon dioxide from the air and from decaying vegetable matter in the
soil and the resulting weak solution of carbonic acid may dissolve calcium
from rocks, Bicarbonate may also be derived by dissolving deposits of sodi-
um carbonate and sodium bicarbonate,

Sulfate is commonly found in ground waters of the State and may be present
in large amounts in areas where gypsum deposits occur, Gypsum is composed
of hydrated calcium sulfate.

Chloride is present in large amounts in many of the ground waters of
Arizona, It is derived mainly from deposits or disseminated particles of
common salt,

Fluoride is present in small quantities in many ground waters of the State,

It is dissolved from hard rocks and valley-fill materials in much of southern
Arizona,

Nitrate in water is generally believed to be the final oxidation product of
organic material containing nitrogen. Usually nitrate is present in small
quantities but some ground waters of the State contain exceptionally high con-
centrations of nitrate. The source of these high concentrations of nitrate is
not definitely known but they may be derived from the solution of nitrogen-
bearing caliche deposits,

Boron is normally present in very small quantities in most Arizona ground
waters, It is sometimes found in larger quantities in water from hot springs
and deep wells, It may be dissolved from certain types of igneous rocks or
from saline residues in playa deposits.

The reported values for dissolved solids represent the sum of the determined
constituents, the bicarbonate being computed as carbonate because the bicar-
bonate in water changes to carbonate as the water is evaporated.

Hardness is computed in parts per million as the quantity of calcium car-
bonate equivalent to the calcium and magnesium in the water,

The sodium percentage of a water is computed from the chemical equiv-
alents, It is the proportion of sodium in the total sum of calcium, magnesium, |
sodium, and potassium,

The specific conductance is the reciprocal of the resistance of the water
sample to an electric current measured under definite conditions. In general,
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the greater the dissolved-solids concentration of a water, the greater is its
conductance, but the conductance determination does not indicate the chem-
ical nature of the materials in solution, Specific conductance can be express-
ed in reciprocal ohms or mhos, but to avoid inconvenient decimals, micro-

| mhos or millionths of mhos are commonly used. Because conductance is

| affected by temperature all values are adjusted to 25° Centigrade,

-

Relation of the quality of water to its use

Irrigation use

In irrigation, the water applied is used mainly by evaporation from the
soil and by transpiration from the growing plants, Most of the dissolved min-
eral matter in the water cannot be used by the plants and cannot be evaporated
or transpired. It must be removed in some manner or eventually may accumu-
late in the soil to such an extent as to decrease the productiveness of the soil,
Therefore, a satisfactory irrigation water should not contain excessive amounts
of dissolved mineral matter. However, definite limits for concentration of dis-
solved matter are difficult to fix, because of the widely varying conditions
under which a water may be used and because of the different characteristics
of the various crops. Wiicex (1948, p. 26) has published a diagram for evalua-
tion of irrigation waters based on sodium percentage and specific conductance,
The diagram is reproduced in this report as fig, 2. By plotting the conduct-
ance of a water against its sodium percentage a point on the graph will be ob-
tained indicating by its location which of five general classifications apply to
that water. The following table, also from Wilcox (1948, p.27) shows limits of
boron for various classes of water:

CROP GROUPS

Classes of water Sensitive ocemitolerant Tolerant
ppm ppm ppm
Excellent .33 .67 <1.00
Good 0.33 to .87 0.67to 1.33 | 1,00 to 2.00
Permissible .67 to 1,00 1.33t0 2.00 | 2.00 to 3.00
Doubtful 1.00 to 1.2b5 2.00to 2,50 | 3.00 to 3.75
Unsuitable >1.25 >2.50 > 3,45

Boron is an essential element in plant nutrition but only small amounts are
needed and some plants are very sensitive to excess amounts, The crops in the
sensitive group most like .y to be damaged by excess boron include citrus and
other fruit trees and a number of other deciduous trees, The semitolerant
plants include small grains and cotton and certain vegetables, Tolerant plants
include lettuce, root crops (except potatoes and sweet potatoes), alfalfa and
date palms,

Boron in excessive concentrations in irrigation water is not common in
Arizona and has not been recognized as an important problem in most places
in the State,
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As pointed out by Wilcox (1948, p. 27) any system for evaluating irrigation
vaters must assume average conditions with respect to quantity, soil perme-
ability, drainage, climate and crops., The diagram described above is not
directly applicable to unusual conditions. }

Waters having high conductances or high chloride concentrations may
sometimes be used successfully in areas where drainage is good if an excess
of water is applied, This excess water penetrates the soil to a depth below
the root zone of the plants and in so doing leaches from the soil and carries
into the ground-water reservoir a part of the soluble matter left from water
that was evaporated or transpired, In well-drained areas the resulting addi-
tion to the ground-water reservoir will be carried away, but in poorly drained
areas the water table will rise gradually with the additions of excess irriga- |
tion water and the land will eventually become waterlogged and saturated with
alkali,

Water having a high sodium percentage reacts with the soil to which it is
applied, gradually hardening the soil and making it less pervious to water,
The addition of gypsum to the water or soil may permit the use of water hav-
ing a high sodium percentage,

Domestic use

Water to be used for drinking should, of course, be free from harmful
bacteria, but the analyses made by the Geological Survey do not indicate the
sanitary condition of the waters,

Limits for dissolved mineral matter in drinking waters have been suggest-
ed by the U, S, Public Health Service (1946,pp,371-384), According to these
standards, drinking water should contain no more than 250 parts per million
of chloride, 250 parts per million of sulfate, or 125 parts per million of mag-
nesium, Drinking water preferably should contain less than 500 parts per
million of dissolved solids, but up to 1,000 parts per million is permissible if
better water is not available, There are large areas in Arizona where no
water meeting the quoted standards is available, Waters containing somewhat
more than the suggested limits of dissolved mineral matter have been used by
many persons for long periods without ill effects, although such waters might
have a noticeable taste to one unaccustomed to them,

The soap-consuming effect of hardness in water is well known and is
objectionable in waters used for washing, Hard water tends to leave deposits
in hot-water tanks and piping and in cooking utensils, and may affect foods
cooked in the water,

Fluoride content has particular significance with respect to drinking-water
supplies. It is generally recognized that waters containing excessive amounts
of fluoride may cause mottling of the tooth enamel of children who drink such
waters during the time their permanent teeth are forming, According to the
Public Health Service (1946, pp. 371-384) a satisfactory drinking water should
contain no more than 1.5 parts per million of fluoride.
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Application of water analyses in ground-water studies

The quality-of-water work is a vital part of the study of the ground-water
resources of Arizona, The significance of the quality of water to the water
user has been mentioned. It is helpful also in determining the source of the
ground water and its direction of movement in a basin., Ground waters in a
basin may show similarities of chemical character to surface or ground
waters of a tributary basin, suggesting that ground water from the tributary
basin is moving into the main basin., In some places these relations are so
definite that the quantity of inflow may be estimated through the use of water
analyses and other pertinent data regarding the ground water, Because the
kinds of dissolved matter a water carries are dependent upon the type of rock
with which it has been in contact, it is sometimes possible to determine the
source of a water by a study of the analysis and of the geology of the surround-
ing area. In these and other ways the quality-of-water studies aid in deter-
mining the facts about a ground-water basin, including the sources of recharge
and the safe yield.

Discharege of dissolved solids from basins

To be permanent any irrigation development should provide for removal by
drainage from the irrigated area of an amount of dissolved mineral matter
equal to the amount applied to the land in the water used for irrigation. If
drainage is not adequate, soluble mineral matter left when water is evapor-
ated or transpired by the crops accumulates in the soils or ground water of the
irrigated area, This mineral matter gradually increases in amount until the
land loses its productivity or until the ground water becomes too highly min-
eralized for further use,

- In each basin studied consideration has been given to the amounts of dis-
solved mineral matter entering and leaving the basin, The relation between
these two quantities is sometimes referred to as the ‘‘salt balance’’ of a
basin. In order to determine the ‘‘salt balance’ it is necessary to know

(1) the quantities of water entering and leaving the basin both as surface flow
and as ground-water flow, and (2) the concentration of dissolved mineral
matter in all the waters entering and leaving the basin., Accurate measure-
ments of all these factors require a large amount of work over a long period
of time; hence, data for inflow and outflow of dissolved matter in most of the
irrigated areas of the State are tentative at this time. More extensive studies
than those yet made will be required in some areas,

Excessive pumping may interfere with the movement of ground water away
from irrigated areas, thus leaving no effective means for removal of the excess
soluble matter, Although a rather long period might be required before the
accumulation of soluble mineral matter in the ground water and soils made
farming unprofitable, excessive pumpage may thus eventually reduce the
productivity of land in some areas of the State,
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COLLECTION OF GROUND-WATER DATA
By
L. C. Halpenny

The program of collection of basic ground-water data in Arizona is out-
lined here in order that the reader can evaluate the scope of the work, A wide
variety of techniques is employed, and geologists, hydraulic engineers, math-
ematicians, chemists, and geophysicists are required for the collection and
interpretation of the data. Basically the work can be divided into two broad
categories, geologic and hydrologic, but many problems overlap from one
category to the other,

Geologic data

The occurrence of ground water in the alluvial-filled basins of Arizona is
intimately related to the geology of the region., Geologic studies are necessary
to determine the water-bearing character of the rocks, their relations one to
another, and the structural features that affect the movement of ground water,

Rocks are exposed on the land surface as outcrops, and in mines and well
bores. Geologic investigations that relate to the occurrence of ground water
are therefore broadly grouped as surface mapping and subsurface studies.

Surface mapping

A geologic map provides many types of information. By color or dis-
tinctive symbol each of the various rock types cropping out in the mapped area
is shown in its proper place, The geologic maps accompanying this report show
the rock types, the positions of the mountain masses in relation to the alluvial
valleys, and the pediment areas,

Subsurface studies

A map of the surface geology of an area is not of itself sufficient to des-
cribe all the pertinent geologic features. It is necessary to know what lies
beneath the land surface--the thickness of the rock formations, their perme-
ability, and the presence of soluble materials which might seriously affect the
quality of the ground water, Several techniques are employed by ground-water
geologists to learn what lies below the land surface. Among these are:

(1) Well-cutting analysis; (2) geophysical probing; and (3) electrical or gamma-
ray logging.

Samples of the materials encountered by the drill enable a geologist to
identify the rock units through which the drill has passed. Examination of the
samples under a microscope provides data on the character of the materials.
Records from a series of wells may provide data for the plotting of geologic
cross sections, which show the depth to bedrock, the position of potential
water-bearing beds, and the structural relation of the mountain masses to the
valleys.
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Another tool available to the geologist for conducting subsurface studies is
the science of geophysics, Four general methods in common use are electri-
cal-resistivity, seismic, gravimetric, and magnetometric, Of these, only the
first has been used by the Geological Survey for ground-water studies in
Arizona. Geophysical prospecting provides data on the depth to bedrock and,
combined with the drilling of a minimum number of test wells, is faster and
cheaper, though less accurate, than prospecting by test drilling only,

Probing with an electric-logging instrument or a gamma-ray-logging
instrument provides a graphic record of rock character from the top to the
bottom of a2 well. These instruments provide data from which the relative
permeability of the water-bearing materials and the quality of the water can be
estimated. Electric-logging instruments are not adapted to collecting data in
%a§ed wells, Gamma-ray-logging instruments can be used in cased or uncased

oles,

Hvdrologic data

Collection of data

Well records.--Records are made for all wells visited by personnel of the
Ground Water Branch and new data are continually being added to the original
records. An attempt is made to compile a record for every irrigation well in
the State, as well as for industrial, municipal, and railroad wells, Records of
domestic and stock wells are made where wells of other types are scarce,
where specific information about depth to water is needed, or where the well
is ideally situated for periodic water-level measurements,

Figure 3 shows the types of well information collected by the Ground Water
Branch and the form in which the information is recorded. The records shown
are of hypothetical wells, although the figures given are typical of actual con-
ditions. Illustration A in figure 3 is the front of a standard form used to cata-
log the information that normally can be obtained on the first visit to a well.
The reverse side of this form, illustration B, is used to record additional
information that does not lend itself to the check-list arrangement such as is
recorded on the front of the standard form. Periodic observations of the water
level in a well are recorded on another standard form, illustration C, A
special form was developed for use in the Arizona district for recording each
trajectory-type discharge measurement, illustration D, Illustrations A, B, and
C in figure 3 are for a hypothetical stock well; illustration D is for a hypo-
thetical nearby irrigation well.

The numbering system used for well identification embcedies an abbrev1ated
description of the well location, The system is based on division of land areas
into successively smaller quadrants, and describes the well location to the
nearest 10 acres, Using the intersection of the Gila and Salt River Base and
Meridian as a central point, the state is divided into four quadrants and as-
signed the letters A, B, C, D, progressing counterclockwise from the north-
east quadrant. Thus all the townshlps north and east of the base point are in
quadrant A, those north and west are in quadrant B, and so forth, The first
figure followmg the quadrant letter signifies the townshlp, for the well record
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Figure 3 .- Typical well record, showing forms used and type of well data colleted
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shown in figure 3 A the well is in T, 10 S, The second figure signifies the
range; for the record shown it is R. 8 E, The third figure indicates the sec-
tion number within the township, (D-10-8)8. The section is divided into 160-
acre quadrants, to which lower-case letters a, b, ¢, and d are assigned, pro-
gressing counterclockwise from the northeast quadrant, The well in figure

3 A is in the (a) quadrant, Further subdivision into 40-acre quadrants and
finally into 10-acre quadrants is designated by two additional lower-case let-
lers, (bb) for the well shown, If more than one well is recorded in a given 10-
acre plot, additional numbers are added, such as (D-10-8)8abb(1) and
(D-10-8)8abb(2).

Water-level measurements.--By a program of periodic measurements of
water levels in wells, the Geological Survey collects data indicating seasonal
and long-term changes in the position of the water table., The program in-
cludes also measurements of changes in hydrostatic pressure in some of the
artesian basins.

Water levels in the irrigated areas are most nearly stable during the
months of January, February, and March, when the cones of depression caused
by pumping during the preceding irrigation season have partially filled, For
this reason most of the water-level measurements are made in the first 3
months of the year, particularly in-February. Figure 3 C illustrates the form
used by the Geological Survey to record water-level measurements, and shows
data for a hypothetical well near an irrigated area., At the locality indicated
the decline in 10 years was more than 85 feet, a figure in accord with actual
measurements in‘that area,

Pumpage inventory,--One of the principal phases of the ground-water investi-
gations in Arizona is the annual inventory of water withdrawn from wells,
Pumpage data for some areas have been published annually since 1940, but
only since 1946 have sufficient areas been inventoried to publish an annual
figure for total withdrawals in the principal areas of ground-water develop-
ment, Even the most recent figure published, 3,681,000 acre-feet in 1951
(table 2), does not represent all withdrawals of water from wells in Arizona,
An estimate was made of pumpage in 1951 in each of the areas not inventoried,
and the sum of these estimates was 75,000 acre-feet. Thus, the total with-
drawal of ground water in Arizona in 1951 was approximately 3,750,000 acre-
feet,

The inventory is based on two principal factors: (1) Power consumption per
acre-foot of water withdrawn from each well; and (2) total power consumption
per well per year,

Irrigation wells in Arizona are operated with different types of power in
different areas, including electricity, natural gas, butane, gasoline, and diesel
fuel. Wells powered with electricity and natural gas, and some wells powered
with butane, are equipped with meters, Wells powered with gasoline or diesel
fuel, and some wells powered with butane, are not equipped with meters, and
the only available record of power consumption is monthly fuel bills, Fortun-
ately power or fuel meters are installed on about 90 percent of the irrigation
wells in the State, Without meters the inventory could not be accurately made,
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The power or fuel consumption per acre-foot of water withdrawn is the pro-
duct of two factors: (1) Power consumption per unit of time; and (2) discharge
of the well per unit of time. Figure 3 D is a facsimile of the form used to
record these data, The data shown are hypothetical but are typical of an elec-
tric-powered pump in the area indicated by the well number,

To determine power consumption per unit of time the following data are
needed: Meter factor (Kh); transformer factor (Kr); and revolutions of the
meter per unit of time, The calculations are shown (fig, 3 D) and indicate that
for the well illustrated the power input was 211 horsepower,

The discharge of the well illustrated was measured by the trajectory method.
For this method the water must fall freely, and the discharge pipe preferably
should be horizontal., A carpenter’s square and a level are used, The method
consists of measuring the diameter (D) of the pipe and the horizontal and
vertical components (Y, H) of the trajectory of the falling column of water.
Corrections are made for pipe thickness (t) and, as needed, for a pipe only
partly full (F) or not horizontal, Calculations made as shown on the form
(fig. 3 D) indicate that for the date measured the discharge was 2,080 gallons
per minute,

The product of the horsepower input and the discharge indicates a power
consumption of 410 kilowatt-hours per acre-foot of water pumped, The total
pumpage during the year is calculated by dividing total power input by power
input per acre-foot.

Errors in the method are that the discharge of the well on the day it was
measured may not be representative of the entire pumping season and that
meters are not available for about 10 percent of the wells. The first error
listed is considered to be the more important. Owing to limitations of per-
sonnel, the discharge of the average well cannot be measured oftener than once
every 3 years, Statistical methods of representative sampling are applied to
offset this deficiency, but the fact remains that many more well-discharge
measurements are needed to improve the pumpage inventory, The second
error listed is offset by applying average data for the area to the unmetered
wells, by reviewing monthly fuel bills when possible, or by applying con-
sumptive-use figures to the crops grown.

It has been suggested that a change be made in the method of making
pumpage inventories, by basing all pumpage figures on crop inventories and
consumptive-use figures. The crop inventory-consumptive use method also
is subject to inaccuracies: (1) Climatic changes from one year to another
affect the consumptive use; (2) available figures for consumptive use were
developed at specific locations under ideal conditions; and (3) some farmers
use more water, and some less, to raise the same crops. It is believed that
the power input-well discharge method is far better adapted to conditions in
Arizona, although its accuracy can be improved by making more discharge

measurements. -

Pumping tests.--Pumping tests are made for the purpose of collecting data
on the rate of movement of ground water through an aquifer and on the quantity
of stored water that will be yielded to wells, These tests are made some-
times on a single well and sometimes on two or more wells, Tests may require




Table 2.——Pumpage, in acre—feet, from wells in principal ground-water areas of Arizona

194Y 1945 1946 1947, 19L& 1949 1950 1951

Cochise County:

San Simon Basin (a) (a) 5, 800 (a) (a) (a) (a) (a)
Willcox Basin (2) g, 000 15, 500 20,000 23,000 28,000 35,000 38,000
Douglas Basin (a) 8,000 12,500 17.,0C0 22,000 30,000 35,000 38,000
Graham County:

Cactus Flat-

Artesia area (a) (a) 5, 600 (a) (a) (a) (a) (a)
Safford Valley 52,000 35,000 115, 0O 100,000 110,000 40_000 90,000 125,000
Greenlee Count%:

Duncan Valley2/ 8,000 6,500 17, 000 21,000 21,000 11,000 23,000 33,000
Maricopa County:

Salt River

Valley area®/ 1,017,000 1,143,000 1,360,000 1,406,000 1,670,000 1,644,000 1,852,000 1,910,000
Gila Bend area (a) (a) 33,300 40, 500 60, 8C0 67,000 59,000 (110,000
Dendora area (a) (a) 6,700 6,700 1,900 5,000 6,000 (
Pima County:

Part of Santa

Cruz River Basin 106,000 111,000 108,000 145,000 145,000 1”0, 000 180,000 240 000
Pinal County:

Part of Santa

Cruz and Gila

River Basin 530,000 610,000 660, 000 709,000 950,000 1,100,000 1,000,000 1 _030,000
Santa Cruz County:

Part of Santa Cruz

River Basin 12,500 18,500 24,000 25,000 28,000 31,000 21,000 30,000
Yuma County:

Dateland area 4,000 4,000 4,000 4,000 5, 000 8,000 9,000 15,000
Well ton—-Mohawk
area 37,000 35,000 38,000 43,000 50,000 45, 000 46,000 50,000

South Gila Valley 20,000 22,000 32,000 35,000 54, 000 56,000 56,000 62,000
Total 2,437,000 2,563,200 3,140,000 3,215,000 3,412,000 3,681,000

a. Not determined; b. Does not include Virden Valley,
Pinal Counties.

N. Mex.; c. Includes Queen Creek area, Maricopa and
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from several hours to 30 days to complete, and frequent water-level and
discharge measurements are made,

In making a pumping test on a single well, the pump is shut off to al-
low recovery of the water table approximately to the static level of the
area, The well is then pumped, preferably at a constant rate, or in steps
of successively higher rate, until the rate of decline of the water table at
the well becomes relatively small, If it is anticipatedthat changes in quality
of the water might occur, samples of the water pumped are collected at
intervals for analysis, The rates of drawdocwn and recovery of the water
table after the period of pumping provide data that can be used in comput-
ing the rate of ground-water movement in the aquifer.

If-more than one well is available for measurement during a pumping
test, measurements of depth to water are made in the pumped well and in
the nearby observation wells, Tests of this type provide data that can be
used to calculate not only the rate of ground-water movement, but also the

storage capacity of the aquifer,

Laboratorv tests.--Data for transmissibility and for storage-capacity
calculation can be-obtained in the laboratory, as well as by making pump-
ing tests. Samples of the aquifer to be tested are collected from outcrops
or from wells and are placed in containers through which water is forced
under controlled conditions to determine the permeability of the sample,
After the permeability of a sample has been determined in the laboratory,
water is drained from the sample under controlled conditions to determine
the rate and relative amount of water that drains freely,

Flectrical current-meter tests.--Knowledge of the rates at which water
moves into pumped or flowing wells at various depths is sometimes de-
sirable, Water may be moving into a well more readily from some strata
than from others; the discharge of a well may be declining for no apparent
reason; or leakage from an artesian aquifer into a nonartesian aquifer may
be occurring. Problems of this type sometimes can be solved by testing a
well with a deep-well current meter, or with a recording electrical current
meter developed recently by H., E, Skibitzke, of the Geological Survey. The
instrument indicates the velocity of water in the well bore, If no water is
entering the well below a given depth, the upward velocity below that depth
will be zero. This may mean that the formation is too impermeable to
yield water, that the well casing has been improperly perforated, or that
the perforations have become clogged with sediment or chemical precipi-
tates. In a flowing well, if the upward velocity of water in the well bore
decreases greatly at a given depth, leakage of water into an aquifer of
lower head at that depth is indicated,

Seepage measurements ,--Seepage measurements are used to determine
losses or gains in stream flow due to recharge to or discharge of ground
water, These measurements are made at permanent gaging stations or at
intermediate points selected with reference to the geologic character of
the rocks underlying the stream channel,
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Interpretation of data

Calculations of ground-water movement,--Data from pumping and laboratory
tests are used to compute the ‘‘coefficient of transmissibility’’~-the rate of
movement of ground water in gallons per day per mile of width of aquifer per
foot per mile of hydraulic gradient, The volume of movement of ground water
can be calculated by multiplying this coefficient by the width of an aquifer in
miles and the slope of the water table in feet per mile, Calculations of coef-
ficients of transmissibility provide figures for estimating underflow into and
out of basins, recharge and discharge, and the potential amount of water that
may be pumped from a given well, or a given depth in a well,

Coefficients of transmissibility may also be obtained from laboratory tests.
These provide data for the calculation of the ‘““‘coefficient of permeability,”’
This coefficient is a measure of the rate in gallons per day at which ground
water will move through each 1-foot layer of a mile-wide segment of the aqui-
fer under a hydraulic gradient of 1 foot per mile, The average field coefficient
of permeability (permeability at the prevailing temperature of the ground water)
multiplied by the thickness of the saturated portion of the aquifer gives the
coefficient of transmissibility,

Calculations of ground-water storage,--When data are available from pump-
ing tests involving two or more wells, or from laboratory tests, calculations
can be made not only of the rate of movement of ground water, but of the
storage capacity of the aquifer as well, The capacity of a material to store
water is expressed as the ‘‘coefficient of storage’’ (Wenzel, 1942, p, 89) or,
for water-table conditions ‘‘coefficient of drainage’ (Gatewood and others, 1950,
p. 81). For practical considerations, these two coefficients are approximately
equivalent for water-table aquifers.

Coefficients of storage and drainage vary from basin to basin, and from
aquifer to aquifer within each basin, because the hydrologic properties of the
alluvial fill underlying the valleys are not uniform, Numerous determinations
of the coefficients of storage at different depths and at different localities are
needed to make accurate calculations of latent and underlying storage, and
these are not everywhere available, Table 3 lists some of the available co-
efficients of storage and drainage used in this report., For basins in which
specific determinations have not been made, coefficients of storage or drain-
age from table 3 were modified through knowledge of the geology of the basins.
The figures of latent and underlying storage in individual basins could be im-
proved if more test data were available, However, within the limits of the
data on hand, the figures on latent and underlying storage that are presented
are believed to be reasonable.

The latent or underlying storage in the 300-foot layers immediately below
the water table in a given area is computed by multiplying the area, in acres,
by the thickness in feet, and by the coefficient of storage or drainage in per-
cent, Areas are corrected for the presence of pediments and bedrock hills,
The quantity of ground water in latent or underlying storage is given in acre-

feet,




Table 3.--Coefficients of storage; Arizona, California, Nebraska, and Utah

Area and reference .

Type of material

Coefficient of
storage

(percent of

total volume)

Eloy district, Ariz,.
(Smith, 1940)

Florence-Casa Grande
area, Ariz,

(Mhite, 1935)

Bill Williams River, Ariz.
(Unpublished data,

U, S, Geol, Survey,
Ground Water Branch,
Tucson, Ariz.)

Escalante Valley, Utah
(White, 1932)

Grand Island, Nebr.
(Wenzel, 1936)

Mokelumne area, Calif.
(Stearns, Robinson,
and Taylor, 1930)

lMokelumne area, Calif.
(Piper, Gale, Thomas,
and Robinson, 1939)

Santa Clara Valley, Calif,
(Estimate made by Clark,
cited in Piper, Gale,
Thomas, and Robinson, 1939)

Safford Valley, Ariz.
(Gatewood and others, 1950)

Phoenix area, Ariz,
(Turner, lMcDonald, and
Cushman, 1946)

Verde River Valley, Ariz,
(McDonald and Padgett, 1945)

Sand and gravel

Sand and gravel

Clay, clay loam, silt,
and fine-grained sand

Coarse sand

Hard sandy clay to
medium-grained sand

Very fine sand, silt, and clay

Medium and fine sand
Gravel and coarse sand
A1l materials

Flood-plain materials

Silt, sand, and gravel

Sand and gravel

9 =13
30 = 25
10~ 30
= =5

08 _ 93
1= 20

N

23

35

13

12

16

15

L - 30

16

(average)
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Maps showing ground-water conditions.--Most ground-water corditions in
an area can be presented in an understandable form by the use of maps., Maps
are used to show, for a given date, the elevation of the water table, the depth
to water, or the quality of the ground water. Maps also are used to show, for
a period between two given dates, changes in the position of the water table or
in the quality of water,

A map portraying lines of equal elevation of the water table is called a
water-table contour map, It aids in determining the direction of movement of
ground water, areas of recharge and discharge, ana the position of subsurface
barriers that impede or divert movement of ground water,

A map portraying lines of equal depth to the water table is called a depth-
to-water map and aids in determining the approximate position of the water
table below the land surface,

A map portraying lines of equal mineral content of the ground water aids
in determining the quality of water available to wells, changes in the quality
of the ground water as it moves through the area, sources of recharge, and
sources of soluble mineral matter in the aquifer,

A map portraying lines that show changes in the position of the water table
between two given dates aids in determining areas in which withdrawals exceed
recharge, areas in which withdrawals are balanced by recharge, or areas in
which recharge exceeds withdrawals.

Ground-water equations.--Evaluations of the ground-water supply of some
areas have been made by the use of an inventory, Items of the inventory in-
clude water entering the area, water in storage, and water leaving the area,
An inventory of this type is expressed by means of what is called a ‘‘ground-
water equation.”’” It is based on the premise that total recharge equals total
discharge when no change occurs in the quantity of ground water contained
in storage within the area, In applying ground-water equations to some of
the components of recharge, the discharge and storage must be estimated ow-
ing to lack of complete data.

Quality-of-water data

Data regarding source and movement of ground waters and their suitabili-
ty for different . usesare obtained from determinations of chemical quality
of water samples collected in the field, The samples are indentified as to
point of collection and described as to use and readily apparent physical
properties such as temperature, taste, color, and turbidity, The samples are
shipped to the district office of the Quality of Water Branch,

The Quality of Water Branch of the Geological Survey is charged with the
responsibility of determining the chemical quality of ground waters and surface
waters in the United States. A district office is maintained at Albuquerque,

N, Mezx., under the supervision of J. D. Hem, district chemist, This office

"works closely with the Arizona district of the Ground Water Branch, analy-

zing water samples collected by ground-water field men and participating in
the writing of those parts of the Arizona ground-water reports that discuss
quality-of-water problems,
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The significance of the chemical quality of ground water has been dis-
cussed earlier in this report.

SCOPE OF DATA AVAILABLE
By L. 0, Halpenny

Reports on ground water in Arizona have been issued by the Geological
Survey and other agencies since before 1900,

Data collected since the district office of the Ground Water Branch was
opened at Tucson in 1939 have been compiled into reports of three general
categories: (1) General reports on specific areas, mostly prepared in cooper-
ation with the State Land Department; (2) annual reports, including the annual
report on water-level measurements and inventory of pumpage, and annual
reports to the State Land Commissioner; and (3) special reports on specific
areas, mostly prepared at the request of the armed services, or of other
Federal agencies, or in cooperation with municipalities, Some of the special
reports prepared at the request of the armed services cannot be released
because of security regulations, A list of all the released reports, prepared
since the office was opened, is a part of the bibliography of this report.

In addition to the reports prepared by the district office, data are avail-
able for public inspection in the ‘“‘open file,”” These data include well records,
well logs, water analyses, and maps prepared at the request of the State Land
Commissioner,

Data are continually being collected by the staff for general or special
reports, for the annual water-level report, or for future use in later, more
detailed investigations. Some of them are classed as ‘‘open file’’ information
and the remainder are classed as ‘‘not available until released,”” The policy
of the Geological Survey is to release factual data and interpretive reports
without favor to special interests, Once released, the reports are available
to anyone who is interested,



Part II,
GROUND WATER IN INDIVIDUAL AREAS




INTRODUCTION

Part II of this report describes ground-water occurrence in the intensive-
ly developed areas of Arizona, and includes a section for each of the areas,
The individual areas are discussed in this report in progressive order down-
stream along the Gila River and its tributaries, and their locations are shown
on platel.

The data for each area described differ considerably in the extent of detail
of the information collected, the year in which detailed studies were mace,
and the period of years in which continuing measurements were made. For
some areas a considerable amount of factual information had been collected
sre areas where little work has been done subsequent to an intensive investiga-
tion that was made several years ago; there are areas where recent investiga-
tions have made available results that previously have not been published and
are included herein for the first time. Throughout most of the areas the
annual water-level measurement program and pumpage inventory have con-
tinued and all these data were studied in preparing the sections on individual

areas.,
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DUNCAN BASIN, GREENLEE COUNTY
By J. H. Feth

The Duncan basin is a part of a structural trough that extends northwest
from the vicinity of Lordsburg, N, Mex,, to the vicinity of Guthrie, Ariz. The
Gila River enters this trough about 10 miles east of the town of Duncan and
flows northwest through the lower end of the trough. The eastern margin of
the Duncan basin is set arbitrarily at the Arizona-New Mexico State line,

The Duncan basin terminates on the west about 1 mile upstream from the
junction of the San Francisco and Gila Rivers, At that point the rocks of the
Peloncillo Mountains are exposed continuously across the valley of the Gila
River, and form both a topographic and a ground-water boundary, The basin
is enclosed on the northeast by the Steeple Rock Mountains and on the south-
west by the Peloncillo Mountains, The rocks of these mountain ranges are of
low permeability and effectively confine ground water of the Duncan basin with-

in the sedimentary materials partly filling the intermontane trough, The drain-
age area of the Duncan basin, as here defined is about 680 square miles; the

area of the valley floor is about 270 square miles, The basin trends north-
northwest, and is about 37 miles long. The alluvial valley ranges from 5 to 9
miles in width, '

The present report on this basin summarizes data gathered mainly in
1939-40 and in 1943-44, when ground-water investigations in the Safford
Valley included observations in the Duncan basin, Since 1944 few new data
except annual pumpage inventories and periodic water-level measurements
have been added. :

Geology

Plate 2 shows the shape of the Duncan basin and presents a generalized
view of the geology of the region., The northeast and southwest margins are
irregular; spurs and ridges project from the main mountain masses far into
the valley floor, On either side, the Peloncillo and Steeple Rock Mountains
consist largely of volcanic rocks, In T, 6 8,, R, 32 E,, a fault block of older
sedimentary formations occupies a few square miles, InT. 4 S,, R, 30 E,,
two areas of crystalline rocks are exposed, The faults bounding the inter-
montane trough are concealed by alluvial fill,

The absence of deep wells in the basin precludes any possibility of defining
the subsurface shape of the trough, the composition of materials composing
the deeper parts of the alluvial fill, or the composition of the rock floor of the
basin, The total depth of alluvial material in the Duncan basin can be estimated
only by analogy with nearby basins where deep wells near the axes of the valleys
have encountered approximately 2,000 feet of valley fill. The alluvial fill in the
Duncan basin also may be a few thousand feet thick,

The upper part of the valley fill includes at least three facies (Halpenny aud
others, 1946, pp. 3-4), an older fill, lake or playa beds, and Recent alluvium,
The lake or playa beds interfinger with or grade into the older alluvial fill, The
Recent alluvium occurs in the inner valleys and in the channels of tributary
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washes., The character of these deposits is described in the section on gener-
al geology of the Gila River region,

Logs of representative wells in Duncan basin are shown in table 5, One of
the deepest wells in the area, (D-9-32)4ca, is near the upstream end of the
basin, The driller reported the total depth to be 301 feet, and noted that below 5
b5 feet mostly clay was encountered, No water was produced below 200 feet,
The well logs in the basin indicate that the Recent alluvium ranges in thic kness
from 50 to 125 feet and averages about 90 feet. The Recent alluvium is gener-
ally underlain by silt and clay beds of the older alluvium which provide a floor
of low permeability beneath the Recent alluvium,

Wells in the Duncan basin obtain water almost exclusively from the Recent
alluvium. Recent alluvium in the Duncan basin is comparable to the Recent
alluvium in the Safford Valley because both were deposited under similar con-
ditions at about the same time. Data from 3)0field and laboratory tests of the
Recent alluvium within the Safford Valley show the mean coefficient of drainage
to be 16 percent (Gatewood and others, 1950, p. 92). This coefficient of drain-
age is considered applicable to the Recent alluvium of the Duncan basin be-
cause of the similarity of the deposits in the two basins, A few laboratory de-
terminations and one pumping test in Duncan valley confirm this conclusion
(Halpenny and others, 1946, p. 6). No data are available from which the perme-
ability or coefficients of drainage of either the lake beds or the older alluvium
in Duncan basin can be determined,

Ground-water hydrologv

Occurrence, source, and movement

Ground water in the Duncan basin is obtained almost exclusively from the
Recent alluvium of the inner valley., The character and permeability of the
aquifers have been described. In general, water in the Recent alluvium is
derived from several sources, moves through the alluvium toward the Gila
River, and is discharged by the natural processes of evaporation, transpi-
ration; or seepage into the river,

In some respects the Duncan basin is like many other valleys in the south-
west through which perennial streams flow., Ground water and surface water
in such valleys is intimately interrelated, In general, there is constant down-
stream movement of both ground water and surface water through the length
of the basin from the head of the valley, where recharge of the ground-water
aquifers occurs, to points of discharge near the downstream end.

In other respects, the Duncan basin offers problems somewhat different
from those characteristic of southwestern valleys occupied by through-flowing
streams, As defined in this report, the Duncan basin is only a part of a physio-
graphic basin, the upper part of which lies in New Mexico, Thus interstate
complications may arise in allocations of waters of the basin, Similarly, the
existence of downstream rights to water of the Gila River must be considered,

Recharge

Gila River underflow.--Estimates of recharge to ground-water reservoirs

® ¢ © 0 000 00 0 00000 00 0 000 00 00 0000000 O
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in the Duncan basin have been made for the year October 1, 1939, to October 1,
1940. For that period, underflow of the Gila Kiver at the Arizona-New Mexico
State line was estimated (Halpenny and others, 1946, p, 8) to be about 7,000
acre-feet, Kecharge from other sources includes: (1) Underflow from tribu-
tary washes; (2) direct recharge from infiltration of rainfall upon the valley
floor; (3) infiltration from irrigation water, both from ditches and from
irrigated lands; (4) seepage from the Gila River; and (5) recharge to the
alluvium of the inner valley by seepage out of older alluvium,

Tributaryv underflow,.--Kecharge by underflow from washes tributary to the
Gila River constitutes one of the more important contributions to the ground-
water supply of the basin, Although present data do not permit an accurate
estimate of the amount, the effect of recharge from side washes is evident in
the changing pattern of the dissolved-solids content of well waters sampled in
the valley, The effect is shown by graphical analyses of waters from wells
near Sheldon, (D-8-31)1lac (pl. 4) and (D-7-32)33b a few miles downstream,
near York, The wells near Sheldon are relatively high in dissolved solids,
whereas those downstream and below several large washes are appreciably
lower in mineral content,

Rainfall,--Direct infiltration of rainfall upon the valley floor to the water
table is possible in parts of the Duncan basin, where depth to water ranges
from a few feet to 30 feet and materials of the Recent alluvium are relatively
coarse, uniform, and uncemented, The amount of such recharge is not known.
Rainfall on the older alluvium is not believed to recharge the ground-water

reservoir.

Canals and irrigated fields.--Recharge from canals and irrigated areas
occurs in the Duncan basin, but no quantitative estimate of the volume of this
recharge was made by the present author, Halpenny and others (1946, p. 7)
estimated recharge from this source to be in the order of 10,000 acre-feet in
1940, based on data collected in the Safford area (Turner and others, 1941,

pp. 36-37).

Seepage from the Gila River.--The slope of the water table at most times is
toward the river, indicating movement of ground water in that direction, At
times when pumpage is heavy, however; the slope is reversed and water re-
charges from the river into the Recent alluvium (Halpenny and others, 1946,
pp. 7-8). Recharge by seepage from the Gila River also fluctuates in response
to the changing stages of the river., During periods of heavy runoff, water from
the river is recharged to shallow aquifers in the Kecent alluvium, A falling
stage of the river results in a lowering of the water table and discharge occurs,
These fluctuations are so rapid that they may be considered as bank storage
rather than as recharge,

Seepage from older alluvium,--Ground water that leaks under artesian pres-
sure from the older alluvium into the Recent alluvium is considered as re-
charge to the Recent alluvium. Quantitatively. the average amount of such
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recharge is not known, Halpenny and others (1946, p. 6) estimated recha rge
from thlS source to be approximse tc 2,500 acre-feet for the 12-month period

ending October 1, 1940,

arege of water P‘or the Duncan basin can-be considered under two
1] hec ings, pumpage and natural discharge,

=)

in figure 4. Data compiled in 1950 at the request

sources Policy Commission ._howed that pumpage

1 over a ] ‘—ye;r period averaged 10,000 acre-

me per iod, average annual pumpage ior munici-

ee kuu ublished data, U, S, Geol, Survey). Pumpage
ianmunic .},,?":]\,'i?,, d for industry was not estimated, The
milling, and smelting operations at Morenci re-

, but are ;;,vl;;'hw from sources outside Dunc

Pumpage.--Annual 'r;,um‘p::fte from wells in the Duncan basin uring the period
] ly

for irrigation in Duncan ‘L >
feet per year, During the
pal use was about 80 acre
for domestic Urv, other

Phelps-Dodge C or,t‘, *111111"(1@-,
quire large volume

entative irrigation wells in the basin were measured
9-1¢ wed from 170 to 2,250 gallons per minute, Discharg

measurements of several irrigation wells were made in June and July, 10’

ranged from 150 to l,r/'")O gallons per minute, Irrigation wells are drilled
in areas unc ﬁrl in by Recent alluvium (pl. 3). They range in depth from
0 to about 300 feet, and casing diameters range from 6 to 20 inches.
ping lifts, measured in 1952 (table 4), ranged from 30 to 60 feet, Specific
pacities were ermined for only a few wells and ranged from 5 to 70
allons per minute per foot of drawdown, No appreciable decrease in yields
of wells or persistent decline of the water table have as yet been detected,

latural discharge.--Natural discharge of water from the Duncan basin is
ussed under the following topics: (l) Surface flow; (2) underflow; and
(3) evapotra IhLll‘“thM

T'he Surface Water Branch has maintained a gaging station on the Gila
River near C‘liiton, about 17 miles above the downstream boundary of the .
basin, (pl. 1) at intervals totalling 22 years from 1911 to the present, The

last published record (Water-Supply Paper 1149, 1951 p. 365) reports an
average annual discharge cf 246 second-feet or about 175,000 acre-feet per
year, Discharge from H -round-water reservoirs in the Duncan basin to
the Gila River is estim: 'fm (E;‘r;lpenny and others, 1946, p, 8) to range from
4 to 25 second~eet, or 2,800 to 17,500 acre-feet per year,

The amount of underflow out of the Duncan basin was estimated (Halpenny
and others, 1946, p. 7) to be less *h'm 400 acre-feet per year. The estimate
is tentative because there is relatively little information for the northwestern
part of the basin regarding the Je;t'f of the Recent alluvium or the slope of
the water table, The narrowness of the gorge of the Gila Kiver and the ap-
parent near-surface occurrence of volcanic rocks suggest that the estimate of
400 acre-feet per year of underflow is in the correct order of magnitude.
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Intensive investigations to determine the use of ground water by native,
nonbeneficial vegetation in Safford Valley were made by the Geological
Survey, in cooperation with the State of Arizona and the Corps of Engineers
during 1939-40 (Halpenny and others, 1946), and with the Defense Plant Corpo-
ration and the Phelps-Dodge Corp, during 1943-44 (Gatewood and others, 1950).
Loss of water through use by nonbeneticial vegetation in the bottom lands of
the Duncan basin was estimated (Halpenny and others, 1946, p. 7) to be 9,300
acre-feet between October 1, 1939, and October 1, 1940, The range from
year to year in transpiration by bottom-land vegetation has not been determin-
ed. It is believed to fluctuate with variations in precipitation, position of the
water table, and stages of the river, The estimate of direct evaporation from
wetted lands in the Duncan basin for the same period was about 1,200 acre-
feet. This evaporative loss is somewhat dependent upon the same variables
that influence discharge by nonbeneficial vegetation, Data do not exist that
would lead to a more accurate estimate of evapotranspiration losses in the

basin.

Storage

An estimate is made of underlying storage in the Duncan basin but no esti-
mate of latent storage is presented, The estimate of underlying storage is
based on the available data and certain assumptions. The area within the
periphery of irrigated lands includes the inner valley and the lower parts of
the large tributary w ashes underlain by Recent alluvium, and totals 25 square
miles., The average thickness of saturated Recent alluvium is assumed to be
65 feet. This thickness was obtained by assuming an average depth of 25 feet
to the water table and subtracting it from an average thickness of 90 feet for
the Recent alluvium. The coefficient of drainage is estimated to be 16 percent.

Calculation of underlying storage from the data and assumptions cited is

shown below:

25 mi.2x 640 acres/mi,2 = 16,000 acres within the periphery of irrigated
lands.

16,000 acres x 65 feet (thickness of saturated Recent alluvium) = 1,040,000
acre-feet of saturated material,

1,040,000 acre-feet x ,16 (coefficient of drainage) = 166,400 acre-feet of
underlying storage,

Underlying storage in the Duncan basin is therefore estimated to be about

165,000 acre-feet,
In the absence of deep wells in the basin, no data are available regarding
storage within the older alluvium. :

Changes in ground-water storage

Graphs showing fluctuations of water levels in observation wells and total
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Table Y4,-—-Specific capacities — Duncan basin

July 1952
Static Pumping Draw— Die— Specific capacity as

Well no. level level _ down charge gpm per foot

(feet) (feet) (feet) (gpm) of drawdown
(D-8-31)13abd 15 32 17 800 47
(D-8-32)33cdc 30 Lg 18 100 6
(D-9-32) Ybac 54 58 4 275 69
(D=9-32)4cbd 47 51 3 150 19
(D-9—32) Yedd 40 48 g 275 34
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annual pumpage in the Duncan basin are presented in figure 4. During the
period 1942 to 1951, pumpage increased from 2,000 acre-feet (1942) to 34,000
acre-feet (1951). The declines were least in wells near the river where the
water table was only a few feet below land surface. The volume of water
pumped for irrigation in any year is, at a maximum, about 20 percent of the
volume estimated to be in underlying storage. Water levels in irrigation
wells commonly are lowest at the conclusion of the pumping season., Follow-
ing a season of reasonably heavy runoff, however, the curves show a tendency
of the water table to return to the level at which it stood in 1942, The record
to date does not indicate a persistent net decline.

Seasonal fluctuations in water levels reflect several factors: (1) Periods
of heavy rainfall followed by rising water levels resulting partly from
direct recharge and partly from cessation of irrigation pumping; (2) changes
in the amounts of water used by nonbeneficial vegetation; (3) variations in
the amount of surface water diverted, which result in variations in the amount
of water pumped for irrigation and recharged through seepage from canals

and ditches.
No data are available regarding well interference in the Duncan basin,

Quality of water

Analyses of ground-water samples from the Duncan basin show ranges in
concentrations of total solids from 250 to 5,000 parts per million (Hem, 1950,
pp. 86-87). Waters of higher concentration occur in wells at the upstream
end of the basin near the State line, These variations are illustrated by 9
analyses presented graphically on plate 4. The graphs show specific con-
ductance and percent of sodium. The selection of constituents for graphical
presentation is based on their importance in determining the suitability of
waters for irrigation. The bar graphs are arranged with reference to the
position of wells in the basin,

In general the waters are suitable for irrigation, Exclusive use of more
highly mineralized waters may result in damage to the land, Where such
waters are used alternately with, or mixed with, surface water from the Gila
River, permanent damage to the lands is not likely to result,

Areas of maximum mineralizaion of the water are associated with areas
where faults permit upward seepage of water from the older alluvium, Concen-
trations of fluoride (Hem, 1950, pp. 76-77) range from 0.4 to 9.6 parts per
million, In general, the higher concentrations of fluoride are associated
with the higher concentrations of dissolved solids.

Few data on chemical quality of ground waters in the Duncan basin have
been obtained since 1944, and changes in the chemical character of the waters

therefore cannot be discussed.

Ground-water~surface-water interrelations

The relationships in the Duncan basin between the water of the Gila River
and the water table have been discussed in the section on storage. The sur-
face flow into the basin is known approximately from records obtained at a
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gaging station on the river 16 miles upstream from the State line, At that
gaging station the average discharge over 22 years of record was 180 sec-
ond-feet (Wzter=Supply Paper 1149, 1951, p, 362) or abcut 130,000 acre~feet
per year. The maximum annual pumpage from the basin is 34,000 acre-
feet per year, The lack of net decline in the water table, as shown by the
hydrographs, clearly indicates that the relatively large volume of surface
water, and the recharge from other sources, offset the seasonal discharge
by pumpage.

Methods of increasing or conserving ground-water supply

Removal of nonbeneficial vegetation which uses ground water in the bot-
tom lands of the Gila Kiver constitutes a method by which ground-water
supplies in the Duncan basin might be conserved. Experimental work in
clearing the growth or in attempting to kill it with chemical sprays is so
far inconclusive in terms of economic feasibility as well as of effective-
ness (Bowser, 1952, pp. 72-74). A parallel problem involves replacement
of nonbeneficial vegetation by other plant growth that uses little ground
water, yet holds the soil in place without blocking flood flows in river chan-
nels,

Lining canals and ditches would result in more efficient use of surface
water diverted for irrigation and consequently in reduced pumpage, It is
not known whether the savings so effected would offset the effect of the re-
sulting diminution in ground-water recharge from canal and ditch losses,

Problems for further investigation

(1) If ground-water pumpage continues to increase, its effect on surface
flow will require a more detailed knowledge of the relation between stages
of the Gila River and of the water table in the Recent alluvium, A program
of frequent water-level measurements in numerous wells at varying dis-
tances from the river, and a simultaneous inventory of water pumped and
water flowing in the channel would, if continued for a few years, clarify
the relationships.

(2) The geology of the Duncan basin and the presence of clay beds along
the axis of the valley suggest the possibility of artesian aquifers within or
below the lake beds. Deep test holes, possibly to bedrock, in the center of
the valley might reveal the presence of artesian water, The chemical
quality of any artesian water obtained would determine whether it could be
used for irrigation perennially, intermittently, or not at all.

(3) The occurrence of fluoride in waters of the basin should be more
thoroughly investigated, especially with relation to public supplies, It
should be possible to discover areas within the basin from which water
with less than 1,5 parts per million of fluoride could be obtained in quanti-
ties sufficient for municipal use. The detrimental effects of large amounts
of fluoride on the teeth of children make an investigation of this problem

desirable.
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Summary

The Duncan basin is part of a larger topographic valley on the main
stem of the Gila River, It is arbitrarily separated from the rest of the
valley at the Arizona-New Mexico State line. Ground water used at pre-
sent in the basin is derived almost entirely from Recent alluvium of
limited extent and relatively little thickness in the inner valley. The
water table fluctuates in most places with stages of the Gila River, The
entire ground-water supply utilized at presentfor irrigation is intimately
interconnected with surface flow and underflow of the river,

Recharge occurs principally by seepage from canals and irrigated
lands, and by underflow into the basin at the Arizona-New Mexico State
line, and possibly as the result of direct precipitation onthe valley floor.
Recharge-discharge relationships between flow in the Gila River and
ground water in the Recent alluvium appear to be in a state of dynamic
equilibrium,

Discharge from the basin includes surface flow and underflow, pumpage,
evaporation, and transpiration, The use of water by nonbeneficial vegeta-
tion was estimated to exceed 9,000 acre-feet in the water year 1940, It is
estimated that as much as 165,000 acre-feet of water may at times be in
underlying storage in the Recent alluvium,

Waters in the basin are generally of suitable quality for irrigation,
Locally, seepage from lake beds or fault zones results in areas where
ground water is highly mineralized, Fluoride concentrations exceed the
safe limit for domestic use in many water supplies,

The principal ground-water problem of the basin involves the recharge-
discharge relationship between flow in the Gila River and ground water in the
Recent alluvium. Artesian aquifers in the older alluvium might be encount-
ered by deeper drilling.
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Table 5.--Logs

of representative wells in Duncan basin, Ariz,

Thickness|Depth Thickness|Depth
(feet) |(feet) (feet) | (feet)
(D-6-31)17bba (D-8-31)13bbd
Topsoil = = = = = = = 13 13 TopsOil = = = = = = = = - 8 8
Gravel-water first (no record) = = = = = = - 22 30
encountered at 13 £t 22 35 Gravel and small stone 20 50
TOTAL DEPTH y 35 | |TOTAL DEPTH - - « o = = o 50
(D-6-31)32ddd (D=-8-32)3Lddb
TopsSOil = = = = = = = 8 8 Topsoil, sandy = = = = - 20 20
Clay = = = = = = = = 1L 22 Gravel = = = = = = = = 50 70
Sand = = = = = = = = 3 25 Clay =~ = = = = = = = = 25 95
it o e e 13 38 | |TOTAL DEPTH - - - - 95
Sand and gravel - - — 1 52
Clay = = = = = = = = L 56
B M e LR R 16 72 (D-8-32)20cchb
Sandy clay = = = = - 1) 86 Topsoil = = = = = = = = - 2 2
Sand and gravel = = = | 30 116 Sand and gravel = = = = A 18 20
Red clay = = = = = = | L 120 Quick sand = = = = = = - 1 3
TOTAL DEPTH - 120 Sand and gravel = = = = - 2k 65
Yellow clay = = = = = = 5 70
TOTAL DEPTH - e e 70
(D-7-31)Ldba
Topsoil = = = = = = = 10 10
Dry sand = = = = - = 30 e (D-8-32)19acc
i A RS (| 3l T | ol s PR e i 13 13
Sand, water - - - - - 20 9l Sand, gravel, water - - 61 7
Water gravel = = = = { 32 126 Clay = == = = = = = = 6 80
Dry sand = = = = = = 16 14,2 | |TOTAL DEPTH 80
Sand and clay - = - - | I 13 155
TOTAL DEPTH ~ -- 155
(D-8-32)29aaa
AClay = = = = = = = - 20 20
(D-7-31)21abd Clay and fine sand bear-
SOil = = = = = = = = 18 18 ing some water - - - - 6 26
Sand and shale = - = { 12 30 Gravel, sand, rocks - - Ly ¥
Dry gravel = = - - = 5 35 Blue clay = = = = = = = . 1 7k
Shale = = = = = = = = 4 5 L0 TOTAL DEFTH -~ - - - il
Gravel, water - - = = 4 L6 86
TOTAL DEPTH e 86
(D-8~32)32dad
Adobe = = = = = = = = = 63 63
(D=7-31)28adb [Fine red sand, gravel - 3 yin
Barth = = = = = cle = 25 25 Red clay = = = = = = = 2 76
Gravel = = = = = = = .} Lo 65 Coarse gravel = —= =~ = = N 80
TOTAL DEPTH 65 TOTAL DEPTH 80




Table 5 .

Logs of representative wells in Duncan basin~-continued

Thickness|Depth Thickness|Depth
(feet) |(feet) (feet) | (feet)
(D~9=31)2aab Clay = = = = = - 25 75
Fill, clay = = = = = . 50 50 | [Water = = = = = = = = = 10 85
Clay = = = = = = = = o 60 110 Clay = = = = = = = = = 15 100
Rock, hard = = = = = . 15 125 | |[Tater = = = = = = = = = 10 110
Hard, black rock = = - 15 140 Clay = === = = = = = Lo 150
(More volcanics reported, TOTAL DEPTH ~ - ~ = = = 150
some black, some color
not specified) = -4 198 338
Sand rock = = = = = = - 19 357 (D=9-32)lica
Water sand = = = = = = 7 364 Silt = = = = = = = = = 5 5
Sand rock = = = = = = o 61 25 Clay = = = = = = = = = 5 10
Sand, hard, carrying Gravel and clay = - = = 5 15
water = = = = = = = o 5 430 Gravel and clay, very
Sand rock = = = = = = - 72 502 little water = = - = 25 Lo
TOTAL DEPTH 502 Gravel, very little
Water = = = =@ = = = = 15 55
Clay with a little sand 145 200
(D-9-32)3bec Clay = == = = = = = = 101 301
Clay = = = = = = = = ~ L5 L5 TOTAL DEPTH 301
Water = = = = = = = = 4 5 50
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SAFFORD BASIN, GRAHAM COUNTY
By]J. H. Feth

Introduction

The Safford basin lies entirely within Graham County (pl. 5). The report
is largely concerned with the Safford Valley which is bounded by the Gila
Mountains to the north, the Peloncillo Mountains to the east, and the Pinaleno
and Santa Teresa Mountains to the southwest, An arbitrary line between
Townships 9 and 10 South is the southern boundary and separates the Safford
basin from the San Simon basin, At the northwest, the boundary is an arbi-
trary line at right angles to the Gila River, about 5 miles downstream from
Geronimo, The basin is thus approximately 50 miles long and 15 to 20 miles
wide. Most of the cultivated lands are within the inner valley, a strip along
the river ranging from half a mile to about 35 miles in width, The Safford
basin, as here defined, includes most of the Cactus Flat-Artesia area, an
area of about 15 square miles in Tps, 8 and 9 8., Rs, 25 and 26 E, The Saf-
ford basin is drained by the Gila River and tributary washes.

Investigation of the'geology and water resources of the Safford basin was
made principally in 1939-41 and 1943-44, The Cactus Flat-Artesia basin re-
ceived additional study in 1946, Reports of these investigations comprise
the main body of information used in preparing the present discussion,
Since 1940, the Geological Survey has maintained an annual inventory of
pumpage and a program of water-level measurements in observation wells
in Safford basin. Preliminary results of a re-inventory in 1952 of irrigation
wells are incorporated in the present report.

Geology

Mountainous areas enclosing Safford basin on the north and east consist
of volcanic rocks (pl. 5). The Pinaleno and Santa Teresa Mountains are com-
posed of crystalline and metamorphic rocks, except for a small area of vol-
canic rocks in Tps, 5 and 6 S,, R. 21 E,, at the western corner of the region..

The Gila River flows through a northwest-trending structural trough de-
pressed relative to the mountains on either side, That part of San Simon
Creek and Stcckton Wash in the southeastern part of the region lies at the
extreme northwest end of the San Simon basin which is an extension of the
structural trough, Details of geologic structure are imperfectly known be-
cause valley fill has masked the rock structures along the margins of the
trough,

Logs of wells disclose the presence of a thick sequence of fine-grained
sediments deposited during a time when lakes or playas existed in the Safford
basin, The hard-rock sides of the basin, below present ground level, and
the composition of the floor of the structural trough can only be inferred,

The deepest well recorded in the Safford basin penetrated 3,767 feet without
encountering bedrock, A log of the deep well and logs of other wells repre-
sentative of those throughout the basin are reproduced in table 8, The logs
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show that in some parts of the basin there is not less than 3,500 feet of sedi-
ments, and that at least the upper 1,800 feet may be of lake or playa origin,
The top of the lake-bed or playa sequence is found in most places along the
inner valley at depths from 20 to 100 feet below the surface., The origin of
the older alluvium and its relationship to the Recent alluvium. is described in
Part I of this volume under the title, ‘‘Regional geology.’”” Water obtained by
wells that penetrate aquifers in the older alluvium commonly is highly min-
eralized. :

Data from all well logs that could be interpreted with reference to depth
of Recent alluvium are shown in table 6, This table shows depth of Recent
alluvium and the water level at the time the well was drilled, These tabula-
tions indicate that the Recent alluvium ranges in thickness from 20 to 100
feet and that rapid variations in thickness occur from place to place within
the inner valley. Comparison of the logs of wells (D-6-24)10bdc and (D-6-24)
10cdb, less than a quarter of a mile apart, shows that in the one the water-
bearing gravel is at least 52 feet thick and extends to a depth of 76 feet below
land surface, and in the other, the gravel is 20 feet thick and is underlain by
clay at a depth of only 52 feet.

Studies of the permeability of Recent alluvium in the Safford basin were
made in 1939-41 (Turner and others, 1941) and 1942-44 (Gatewood and others,
1950). The mean of all determinations for coefficient of drainage--approxi-
mately equivalent to specific yield--made during the 1943-44 investigations,
was 16 percent (Gatewood and others, 1950, p. 92). .

Twenty-four determinations of coefficients of permeability of the Recent
alluvium were made in connection with the study of the basin in 1939-41.

The coefficients ranged from 15 to 12,000 gallons per day per square foot
(Turner and others, 1941, table 22). The tabulations demonstrate a distinct
zonation of permeability within the Recent alluvium. The low figures (15 to
644) were all determined for samples of surface soils to a depth of 7 feet
below land surface. The high permeabilities (1,100 tol2,000) were for samples
taken at depths between 29 and 82 feet below land surface.

No determinations of permeability were made for materials of the older
alluvium,

Ground-water hvdrology

Source and movement

Source and movement of ground water are discussed in Part I of this re-
port under the heading ‘‘Regional hydrology.’”’ Safford Valley differs from
most other Arizona valleys because of the presence of a perennial stream,
the Gila Kiver, and because of the importance of mineralized springs and
seepages in relation to the chemical quality of the water,

Recharge
The sources of ground-water recharge in the Safford basin include: (1)

Seepage from the Gila River; (2) underflow; (3) seepage from canals and
irrigated areas; (4) seepage from older alluvium; and (5) precipitation,
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L Table 5.~--Depth from land surface to base of Recent alluvium and driller's
1“e*>cru of depth to water at time of drilling, Safford basin,
o Graham County, Ariz,
® Depth of Depth | | Depth of Depth
Well no, Recent to Well no. Recent to
® alluvium water alluvium water
® (D-L4~23)19bbb 6L S 38 (D-6-25)Taca 74 50
® 40 cb L2 26 Tbaa + 78 55
33aaa 70 2% gcaav 'gh 6%
33abb 83 } cad: 0 3
= 3Lceb 103 62 8cbb ~ 60 L2
Y 3kcdd 121 65 8ddb v 53 L0
l6cca - L7 27
® (D=5~23)2dch 60 25 18baa v 60 Dry
12ac 50 16 18cabv 51 16
@ 13bee 61 2L 18dbe s L2 10
19dce v 52 18 19bb v L5 32
o 20bde — 52 31 19bbe v L6 18
® I6aad ~ 63 21 20bdEL BN 1
® 30cdc v €y L5 2Ccac: Lo ili7
31bdd -~ 71 52 20cda ¢ L5 30
S 31bcd- L6 20dcc 60 22
31dbd 70 5k 20dcd » 60 16
® 32aca 52 1L 20ddc 55 18
36add : 80 60 21al 56 36
® 22bdd ¢ 70 30
(D=6-2l})2abd 62 1,0 23cchbe 7 62
& 2aca 62 o) 25cda v L3 22
2adc 60 30 25cdc v L3 22
& 2bce L6 157 25dcce 65 L2
Liad 56 28 27ccd v 60 1T
L Libbe I 28 32cac v 65 3L
1bb 71 Lk 33aaa \ 72 20
® Licca 58 30 33aad ¥ Lo 26
Saac 62 Lo 33abd ¢ 50 32
® 9aba 50 18 T 68 L6
» 10bdc 76 10 35bcb v 62 20
10cdb ¥ 38 22
® 1lab 31 20 D=7-25)lcch & ol L5
12a L0 21 lcce b 99 L3
Y 12adb * L8 18 lcdc ¢ 85 Ll
12dab« o) 7 2acbV 81 62
- 13bac 3 2l 2acc ¢ 75 L8
13bda L2 27 2bdd ¥ 57 16
[ 13bdd 53 33 2c 95 Lo
23 center NEY 65 L8 2cd 69 5l
o 1lbdw 60 18 2dacw 95 70
= 2L, dd » L9 33 1laan 101 63
&
®
*
@




Table 6.--Depth from land surface to base of Recent alluvium and driller's
report of depth to water at time of drilling.--continued

Depth of Depth Depth of Depth
Well no, Recent to Well no, Recent (e
alluvium water alluvium water
(D-7-25)1laa + 111 52 17abe 92 32
llaab + 110 L1 17add 87 30
12adbv 1 L1 17bbe - 79 36
123dbv T2 39 18aac: 75 L5
12badsv 88 50 18aab 87 3L
12bbd - 103 69 18abad : 81 L3
12bca - 1102 Lo 21baa * 100 75
12cca- 98 55 21daa L 110 50
12cd ¢ 98 55 22cbb « 103 36
12dcd ¢ | 103 36 23aaa « 82 L8
2liaab - 75 L5
(D=7~26)6add s L8 20 2laac . 97 32
6add 38 10 25bad - 80 25
Thdd v 72 22
Tcad 80 Ll | |(D-7-27)2aaa v 52 10
7dbe ’ 82 20 2cbbv 70 T
7dbd 75 25 3addv Sl 16
2 8dce &7 uand 79 30 i dadv 90 52
8ddd v~ 75 23 7ddd v 70 2l
9cdc 83 70 8add ¥ L5 16
9cdd 8l 36 16 o L7
13cdd» 75 35 16aac 97 35
13decdv 75 35 lbaac 70 Ll
13ddac 71 35 lécabe 97 58
1lidcd v 75 50 1l6ccd » 72 61
1L dddv 75 35 18 71 35
15bece 80 53 18aad - 69 18
15bed +~ 82 Lo 18cac v 70 33
15caa . 82 23 19cba 20 62
15daa L5 30 20 50 35
15dad L7 26 20aaa - 0y . 76
15ddd: 78 L5 20aaa v 109 70
1lbacc 82 3l 20aacv 100 76
lécce: 96 N 20aac ¥ 98 66
16ddce » 99 53
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Gila River.--The generalization can be made that the river loses water in
the upstream part of the valley and gains water in the downstream part, With
the many variables involved,it is considered impossible to estimate quanti-
tatively the recharge from the river, Infiltration from the river is a direct
local source of recharge to aquifers in the Recent alluvium of the basin. Evi-
dence of this recharge is the rapid rise of the water table in wells near the
river following a rising stage of the river. The effect decreases progressively
away from the river, and disappears at the margins of the inner valley (Turner
and others, 1941, p, 14), This effect was not observed in wells outside the inner
valley and it is therefore believed that recharge from the river does not direct-
ly reach aquifers in the older alluvium. It is well to emphasize that the valley
fill contributes ground water to the surface flow of the Gila River, Conditions
of recharge and discharge vary with such factors as changing stages of the
river, the stage of the water table, the time of year, and the rate of pumping
ifrom wells,

Records (Water-Supply Paper 1149, 1951, p, 366) indicate that, for a
period of 35 consecutive years, the average discharge of the Gila River near
Solomon was about 260,000 acre-feet per year. This average includes water
diverted in the Brown Canal above Safford, and represents surface water
available at the head of Safford Valley, This inflow includes water from
perennial streams such as San Francisco River and Eagle Creek, which join
the Gila River above the gaging station.

Underflow.-- Estimates of recharge by underflow have been made for a 12-
month period ending October 1, 1940 (Turner and others, 1941, pp. 38-43).
During that period it was estimated that about 9,000 acre-feet of water entered

the valley as underiflow.

Canals and irrigated areas,--Turner and others (1941, pp. 15,28,49) pre-
sented a tentative estimate that more than 50,000 acre-feet of water was re-
turned to the aquifers by seepage from canals and irrigated lands in the 12-
month period ending October 1, 1940, The estimate was based on measure-
ments which indicated that about one-half of all surface water diverted and
one-fourth of all ground water pumped for irrigation constituted recharge to
the ground-water reservoir,

In recent years it is probable that more than one-fourth of the water
pumped has been returned to the ground-water reservoir because of a change
in manner of distributing the water from wells, In the period 1940-45 most
of the water pumped passed a short distance through the farmers’ ditches
and onto the fields. In the periods 1946-48 and 1950-51 there was a short-
age of surface water and, to reach the farms principally served by surface
water, it became Mecessary to pump water from wells into the canals and
then divert the water at downstream points, Many wells were added to the
small number that previously had pumped into canals, and consequently much
more of the water from wells flowed for as much as several miles in canals.
Therefore, a percentage of the original pump-water input that was lost in the
canals must be added to the one-fourth of the pumped water that becomes re-
charge after reaching the farmers’ ditches., Although no data are available to
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estimate this additional recharge, it could be assumed that between one-third
and one-half of the pumped water carried in the canals, and then applied to
lands, reaches the ground-water reservoir as recharge.

The pumped water and the surface water diverted in recent years had less
sediment load than most of the surface water used in the period 1940-45,
Consequently, it is possible that the infiltration and resultant recharge from
these clearer waters is greater than formerly,

If the percentages given by Turner and others were used to compute the
recharge from the ground and surface waters used for irrigation in 1951, the
quantity would amount to about 45,000 acre-feet, However, with the increased
recharge from pumped water and a probable increase from the clearer sur-
face water, it is believed that the recharge from irrigation waters probably
exceeded this quantity in 1951,

Older alluvium,--Discharge from springs and seeps from the older alluvium
contribute recharge to the Recent alluvium, Areas of seepage from the older
alluvium are concealed beneath the floor of the valley. Their existence is
inferred because of observed changes in chemical quality of the water in the
Recent alluvium where no other cause for the changes has been detected.

The water emerging from the larger springs in the basin commonly is warm
to hot and contains high concentrations of dissolved mineral content, It is
believed that the water discharged from the springs and seeps rises to the
surface along fractures in the older alluvium,

Precipitation.--Recharge from precipitation on older alluvium is probably
negligible because the surface in many places is underlain by almost im=~
permeable caliche, About one-third of the area of the valley consists of
coarse materials of the Recent alluvium along the Gila River and its tribu-
taries. Some recharge from direct precipitation occurs in this area, but
the amount is believed to te smell in the sverage year,

Discharge

Wells--Hydrographs of wells and graphic representation of pumpage by
years in the Safford basin are shown on figure 5, The total pumpage from
deeper aquifers is not known quantitatively, The deeper aquifers--those lying
below the Recent alluvium--are of little importance except in the Cactus
Flat-Artesia area, The Recent alluvium in that area is very thin and pro-
vides sufficient water only for domestic or stock use. In most of the Safford
Valley water from aquifers in the older alluvium or in the lake beds is normal-
ly so highly mineralized as to be injurious to farmlands (Hem, 1950, p. 54).

The gross annual pumpage is represented on the graph (fig. 5) for the
years of record, 1942-51, inclusive, Data compiled for the President’s
Water Resources Policy Commission (U. S, Geological Survey, 1950, un-
published records) indicate that, in 1949, 47,000 acre-feet of ground water
was pumped in the Safford basin for irrigation, 200 acre-feet for industrial
use, and 100 acre-feet for municipal use. No data are available to indicate
pumpage by seasons or for individual wells,



Table 7.-—Specific capacities of wells in Safford basin, Graham County, Ariz., 1952.

Static Pumping Drawdown Discharge Specific capacity
Well no. water level 19h2* level (feet) (gallons per minute) (gpm per foot of
(feet) (feet) drawdown)
(D-L-23)29dbd 55 67 12 400 35
29db 55 65 10 250 2E
(D-6-24)12dab 10 21 11 350 30
(D—7-25) 2adc 45 60 15 1..000 65
(D-7-26)8daa 30 35 5 1,075 215
8dab 30 37 7 1,000 140
9cdc 30 37 i 850 120
13dcd 35 53 18 2,200 120
13dcd 25 13 14 2,050 145
15bce Lo 55 15 1,350 90
16cac 50 68 18 875 50
2hbaa 35 53 18 475 25
28acc 50 B2 %2 350 10
(D-7-27)1bba 20 T4 Hl 1,050 20
1bbb 20 g 51 1,000 0
2add 20 110 91 1,025 10
ldad 15 L9 3 925 2b
11bbb Flowing 8h g5 1,850 20

* Adjusted from spring high measurements where June-July 1952 measurements were not made.
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The Mack hot well, (D-6-24)13ab, is the largest of the flowing wells in the
basin, and yields about 1,500 gallons per minute or about 2,500 acre-feet per
year., Other flowing wells in the Safford Valley produce much less. In the
Cactus Flat-Artesia area the flowing wells produce from less than 1 gallon
per minute to about 90 gallons per minute. Most of the wells in the area
discharge into surface tanks or reservoirs, and the discharge for a period
of several days to several weeks is then used from the reservoir for irriga-
tion.

A re-inventory of irrigation wells in the Safford basin was made in 1952,
and 44 well-discharge measurements were made. These discharges ranged
from about 250 to about 2,200 gallons per minute, with the mean in the order
of 1,000 gallons per minute, In some wells both the static level and the pump-
ing level were determined. For 18 wells, (table 7) the range in specific capa-
city was from 10 to 2156 gallons per minute per foot of drawdown. The mean
specific capacity was 65, Data are insufficient to determine whether yields
of wells in the Safford basin have diminished over the period of record, 1940-

o2,

Natural discharge ,~-Natural discharge may conveniently be considered
under the following topics: (1) Evapotranspiration; (2) surface flow; and
(3) underflow,

One of the most extensive investigations of evapotranspirative use of wa-
ter yet made in the United States was made in the Safford basin, In 1943-44
the Geological Survey, in cooperation with the Defense Plant Corporation
and the Phelps-Dodge Corp., attempted to determine the amount of water
used in the bottom lands of the Gila River by natural growth dependent upon
shallow ground water. The data obtained were published (Gatewood and
others, 1950) and constitute an important base upon which some of the esti-
mates in the present report are founded,

Six methods were used in attempting to determine how much ground water
was consumed annually by nonbeneficial vegetation growing on 9,300 acres
in the bottom lands of the Gila River near Safford, The various methods em-
ployed in making determinations produced results that were consistent with-
in a margin of 20 percent. The mean figures indicate (Gatewood and others,
1950, table 58, p. 194) that during the year ending September 30, 1944, in a
46-mile reach of the Gila River extending from Thatcher to Calva, 23,000
acre-feet of ground water was used by the bottom-land vegetation., An addi-
tional 5,000 acre-feet of direct precipitation was also utilized, to make a
total of 28,000 acre-feet of water used by nonbeneficial vegetation, Saltcedar
used more than 75 percent of the 23,000 acre-feet, These data apply to a
reach of the Gila River that does not exactly coincide with the limits of the
Safford basin as defined in this report. It is estimated that total evapotran-
spiration losses in the inner valley are of the order of 50,000-60,000 acre-
feet per year. No important new methods of eradicating undesirable vege-
tation were developed during the study, nor were older methods evaluated,

No direct measurement of surface flow out of the Safford basin, as defined,
has been made. The nearest gage is at Calva, Ariz,, about 18 miles down-
stream from the northwest boundary. Records for the Calva gage for the

.QO....00O...OOOO..Q..O...O.QO0.0‘




50

20-year period ending in 1949 (Water-Supply Paper 1149, 1951, p. 370) show

an average discharge of 293 second-feet, or about 200, OOO acre-feet per year.
It is believed that this figure is in the order of magmtude of surface flow out
of the Safford basin, as defined,

Underflow from the inner valley at Calva was reported (Turner and others,
1946, p.8) to be about 2 second-feet, or about 1,500 acre-feet, during the 12
months ending October 1, 1940, No recent data have been obtained. This
figure probably represents the order of magnitude of underflow from the
Safford basin, as defined,

Storage

As a basis for estimating underlying storage in the Recent alluvium in
the irrigated parts of Saffcrd basin, records of several hundred wells were
examined. A total of 151 well records provided what was considered to be
reliable data on thickness of saturated alluvium, and these data are given in
table 6, The base of Recent alluvium was determined from the logs as the
depth at which the driller reported encountering either clay at the bottom of
the hole or an appreciable thickness of clay with no indication that materials
below the clay could reasonably be considered part of the Recent alluvium, It
was believed justifiable to use the water levels reported at the date of drill-
ing, as water-level measurements in Safford basin from 1940 to 1952 show no
large permanent declines, Unusually high or low individual water levels,
caused by abnormal conditions at the time of drilling, are believed to be com-
pensated for by data from nearby wells,

Data from table 6 were used to prepare a map (pl. 7) showing lines of
equal thlckness of saturated Recent alluvium, These lines are called

‘iso-sats’’ in this report,

The walls of the inner valley are believed to be steep because the 20-foot
iso-sat closely parallels the edges of the inner valley, It is unlikely that
much water is stored in Recent alluvium outside the 20-foot iso-sat. The
areas included in each range of thickness were planimetered. Computations,
based on these data and a coefficient of drainage of 16 percent (Gatewood and
others, 1950, p. 92), are shown in tabular form on plate 7. These computa-
tions indicate that about 300,000 acre-feet of ground water is in underlying
storage in the Recent alluvium in the Safford basin, This figure compares
with an estimated 500,000 acre-feet in storage in 1940 (Turner and others,
1941, p, 92), at a time when ground-water levels were higher than normal,

Data do not exist that would permit estimating ground-water storage in
the older alluvium,

Changes in ground-water storage .--Hydrographs of observation wells in
the basin are presented in figure o with a graphic summary of water pumped
in each of the years of record, 1942-51. The areas irrigated and locations
of irrigation wells in the basin are shown on plate 6. A water-table map was
not prepared for the present report because such a map would reflect only
a transient condition., Hydrographs shown in figure 5 of this report show the
rapidity with which the water table fluctuates in the Safford basin. The re-
port by Gatewood and others (1950, pl. 4) also illustrates substantial changes
~in the position of the water table in a 6-month period.
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Well interference

Information regarding well interference and the spread of cones of de-
pression is available only in the Cactus Flat-Artesia area, In this area the
influence of nearby pumping is reflected in diminished flow or cessation of
flow in artesian wells, The maximum distance to which the reduction in
pressure head extended is not known. Halpenny and Cushman (1947, p. 6) al-
so report the case of a well that flowed until three others were drilled
about 400 feet away. Orifices of the three newer wells were at a lower ele-
vation than that of the older well, In time, flow from the three wells so re-
duced pressure head that the older well ceased to flow, and the water level
in that well declined until it stood about at the elevation of the orifices of

the wells 400 feet distant,

Relation between artesian and nonartesian water levels

The presence of artesian aquifers in the older alluvium and of nonartesian
aquifers in the Recent alluvium creates a situation in which wells drilled to
different depths, but at nearly the same surface location, may show marked
differences in water levels, Comparison of two wells in the same quarter-
section, (D-6-24)13ab and (D-6-24)13ac, shows that the deep well, penetrat-
ing the artesian aquifers, flows whereas the shallow well has a static water
level about 25 feet below the land surface,

Quality of water-

The chemical quality of waters in the Safford basin constitutes one of the
major problems of water supply in the region, More than 4,000 water sam-
ples from the Safford Valley have been analyzed by the Quality of Water
Branch, Interpretations of analyses and a tabulation of about 4,000 analy-
ses are given in a paper by Hem (1950). Most of the waters analyzed were
collected in the Safford basin, but the paper includes analyses of waters
from the Duncan-Virden Valley and part of the San Simon basin, Individual
wells have been sampled periodically in 1940, 1943, 1944, and 1952 (Hem,
1950, p. 176-77, and unpublished data, U. S. Geol. Survey files). Waters from
the older alluvium show no appreciable changes in chemical quality between
1940 and 1952, but shallow wells obtaining water from the Recent alluvium
show large and rapid changes in quality of water from time to time, Hem
(1950, p. 49) reports one well in which the concentration of dissolved solids
changed by 50 percent in a few months, Plate 4 indicates the wide range of
chemical quality of ground waters in the basin,

Changes in chemical quality of water from aquifers near the river in the
Recent alluvium occur mainly in response to fluctuations in the stages of
the Gila River, A high stage in the river will, as earlier noted, provide
rapid local recharge to the Recent alluvium, The surface flow of the river
consists normally of water of relatively low mineralization; water of low
mineral content is introduced into the Recent alluvium, mixes with the water
already present, and thus serves to reduce the mineralization, When the
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river stage declines, recharge of the Recent alluvium occurs largely by
infiltration from canals and irrigated fields, and seepage from the older
alluvium, Water from these sources is higher in mineral content, There-
fore, the water in the Recent alluvium near the river becomes more and
more concentrated during low river stages,

Occurrence of areas of ground water of higher mineral content is
thought to depend on several factors: (1) Localization of upward seepage
from the older alluvium in zones of fracture, presumably along faults;

(2) concentration of return flow from canals and irrigated lands; (3) in-
flow from mineralized springs; and (4) underflow from tributaries yield-
ing mineralized water, notably, Stockton Wash.

The graphs of tlie chemical character of waters in Safford basin (pl. 4),
indicate that the percentage of sodium, and the high total mineralization make
the waters in some areas unsatisfactory for irrigation. Waters from the
older alluvium are almost uniformly undesirable for irrigation as the per-
centage of sodium is sufficient to cause flocculation of soil particles if
the waters are used without dilution on farmlands., Water high in sodium
and bicarbonate tends to deposit ‘‘black alkali’’ on or under the land sur-
face when the water evaporates or is transpired,

The quality of water in the Recent alluvium is affected by inflow from
springs upstream from Safford basin, Two areas yielding water of high
mineral content exist, one on the San Francisco River at Clifton, and the
other, Gillard Hot Springs, in the channel of the Gila River downstream
from its confluence with the San Francisco River, The flow from the hot
springs at Clifton has been estimated as about 2.5 second-feet, about 1,900
acre-feet per year. Analyses show (Hem, 1950, pp. 82-83) that water from
these springs contains more than 2,000 parts per million of sodium and
potassium combined, and more than 5,000 parts per million of chloride.
The Gillard Hot Springs produce an estimated 400 gallons per minute, or
about 700 acre-feet per year. The dissolved-solids content is about 1,200
parts per million, of which sodium and chloride are the principal consti-
tuents, The high temperature, 181° F., indicates that the water ascends from
considerable depth, probably along a fault zone.

In some localities, waters in the Safford Valley contain from 1 to 5 parts
per million of boron. These concentrations might prove injurious to some
plants if application of such waters were continued over a period of years.
Although citrus, the crop most sensitive to boron, is not raised in the val-
ley, there are pecan groves and peach orchards, and the fruits of these
trees are affected by boron,

Analyses of waters used for public supplies in the Safford basin show
(Hem, 1950, pp. 226-227) that, in general, the fluoride content is within the
range of acceptability, One source of public supply, for the town of Pima,
contained 2 parts per million fluoride when sampled in 1943--a concentra-
tion sufficient to cause slight mottling of tooth enamel in some children.
One well sampled in Safford showed 47 parts per million of nitrate, There
is some evidence to show that methemoglobinemia (a ‘‘blue-baby’’ disease)
may be caused by nitrate (as NOg) in concentrations higher than about 45
parts per million if the water is used in preparing formulas for infant feed-

ing. (Comly, 1945, p. 112).



Hem (1950, pp. 67-68) points out that during the period, October 1, 1943,
to September 30, 1944, Gila River in Safford Valley carried about 84,100
tons of dissolved salts into the basin past the Solomon gage, and about
105,000 tons out of the basin past the Calva gage. Hem states:
The simplest interpretation of the gain in salt load of Gila River
as it passes through Safford Valley would be that a favorable drain-
age condition exists, with excess soluble salts being removed from
the soil and carried off in drainage waters, However, the signifi-
cance of the observed gain in load of Gila River in Safford Valley
cannot be interpreted so simply., Unknown and probably large quan-
tities of soluble matter are added to the Calva load by surface flow
entering the river,.., Inflows of artesian water which occur in the
lower part of the valley contribute large amounts of soluble salts to
the area ,... probably sufficient to equal or exceed the observed gain
in load. of the river from the head of the valley to Calva .... Although
it is probable that drainage conditions are generally favorable in
much of Safford Valley, the observed gain in load of soluble matter
of the river should not be taken to indicate that soluble salts are
not accumulating in any of the irrigated soils of the valley,
.... In considering the ‘salt balance’ for the valley, the situation
is further complicated because of the increasing use of ground wa-
ter for irrigation. If the ground water pumped in 1944 had an aver-
age concentration of about 2 tons per acre-foot .... total pumpage of
about 52,000 acre-feet in the valley that year would have contained
104,000 tons of dissolved salts, a quantity practically equal to the
105,000 tons of dissolved matter that left the valley in the river at
Bylas during the year. If the productiveness of the lands of Safford
Valley is to be maintained, the salt left by evaporation and transpira-
tion of the irrigation water must be disposed of in some way.... unless
the future annual gain in salt load of the Gila River between the
Solomonsville and Calva gaging stations averages several times as
much as that for the year ended September 30, 1944, it would seem
that significant quantities of soluble salts are accumulating in the
soil and shallow ground waters of the Safford Valley, particularly in
the lower part of the valley,
Assuming a concentration of 2 tons of dissolved mineral matter per
acre-foot of ground water, the 125,000 acre-feet withdrawn for irrigation in
1951 contained approximately 250,000 tons of salts,

Ground-water--surface-water interrelationships

In 1899, Safford basin had about 20,000 acres under cultivation, watered
by diversion from 28 canals (Newell, 1901, pp. 341-347). Newell describes
the use of water in the basin at that time:

(The Gila River) passes alternately through narrow canyons and out
upon valleys where its waters are diverted for irrigation., The devel-
opment of agriculture by this means has been so extensive that all of
the available summer flow is used, and there is need of additional wa-
ter to bring extensive tracts of fertile land under cultivation,
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By 1935, the area under cultivation had increased to 32,000 acres, In-
creased diversions upstream and increased demands downstream brought the
problem of the allocation of surface water before the United States District
Court. Since 1935, allocations of surface water of the Gila River, from the
Virden Valley in New Mexico to the San Carlos Irrigation District near
Florence, have been made annually by a water commissioner appointed by
the Court

Allocation of surface water under the Court decree has resulted in develop-
ment of ground water as a supplemental supply, Pumping of wells for irriga-
tion began on an appreciable scale about 1938, By the end of 1940 (Gatewood
and others, 1950, p. 8) about 150 irrigation wells had been drilled, of which
120 were in use, By the fall of 1944, there were about 260 irrigation wells,
of which 215 were being pumped. The re-inventory of irrigation wells in
Satford basin, June and July 1952, located 680 wells of which 581 (pl, 6) were
equipped for use, The increase in the number of wells in use is attributed
to a deficiency of surface water during most of the years since 1944. In-
creased withdrawals from underlying storage resulted in a declining water
table, This decline caused well yields to decrease which, in turn, led to
drilling additional wells to supply the demand for water,

The following table shows that the quantity of ground water withdrawn
each year is closely related to the quantity of surface water available, and
that the total quantity used for irrigation does not change greatly from one
year to another,

Pumped Water Surface Water Total
Year (acre-feet) (acre-feet) (acre-feet)
1940 24,600 99,693 124,293
1941 8,685 151,300 159,985
1942 18,900 172,005 190,905
1942 35,000 121,569 156,569
1944 52,000 128,027 180,027
1945 35,000 148,675 183,675
1946 115,000 69,909 184,909
1947 100,000 01,978 151,978
1948 110,000 20,848 149,848
1949 40,000 167,790 207,790
1950 90,000 68,004 168,504
1951 125,000 26,289 151,389

Other aspects of the interrelationship between ground water and surface
water have been discussed under the topics of recharge and storage.



05

Problems

Hydrologic conditions in the Safford basin today are the result of the im-
position of a sequence of developments upon a virgin valley, Where formerly
a natural hydrologic balance existed, man imposed cultivation and irrigation
by diverting surface water from the Gila River, By disturbing the natural
vegetation and introducing new plants to the area, he contributed to the spread
of phreatophytes, As the supply of river water became inadequate, men began
to pump ground water, further disturbing the balance between surface and
ground water, Climatic changes have also affected the hydrologic balance
in the basin, All these modifications are magnified in their effect by such
factors as the narrowness of the inner valley and the high permeability of the
Recent alluvium, These developments have resulted in specific problems
whose solution will require further study.

Need for additional studies

Problems c¢f interrelationships of surface water and ground water.--In
order fully to evaluate the effect of withdrawals of ground water on flow of
the Gila River and the effect of river flow on the stage of the water table,
continuing observations of water-level fluctuations should be made in greater
detail than during the period 1944-52. These observations should be supple-
mented by additional stream-discharge measurements at intermediate points
in the basin, and by additional quality-of-water studies,

Salt problems.--The “salt balance’’problem has been mentioned in this
chapter under “Quality of water’} In addition, the Clifton Hot Springs, the
Gillard Hot Springs, the Indian Hot Springs at Eden, and others of smaller
discharge, combine to introduce a large, although undetermined, quantity
of salt into the water supply of the basin, Water from the deeper aquifers is
another large source of salt, ' :

It is possible that methods could be developed to divert some or all of the
spring waters at their sources and prevent this salt load from entering the
basin, Hem calculated (1950, p. 34;.letter, August 14, 1952) that under vary-
ing conditions of discharge the Clifton Hot Springs produce about 9,000 to
25,000 tons of salt per year, These calculations were based on 38 samples
taken at intervals between 1940 and 1950, As the discharge of the springs is
only about 2 second-feet, or about 1,500 acre-feet per year, the elimination
of the salt by disposing of the water would far outweigh the loss of water

involved.

Methods of increasing or conserving water

Eradication of nonbeneficial phreatophvtes.--Gatewood and others (1950,

p. 194) state that 9,300 acres of the phreatophytes in the basin use about
28,000 acre-feet of ground water per year, No satisfactory method of eradi-
cation has been found to date. A solution of this problem and of the corollary
problem of replacement by vegetation of economic value is desireable, The
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effects of such changes on the discharge of the Gila River, the quality of the
ground water, and the stages of the water table will require hydrologic in-
vestigations,

Summary

The Safford Valley lies along the main stem of the Gila River in Graham
County. Mountains enclose the valley on the northeast and southwest, The
southern and western boundaries are arbitrary, The valley, as defined, is
about 50 miles long and 15 to 20 miles wide., Cultivated lands are confined
to the inner valley and to Cactus Flat-Artesia area near Stockton Wash.

The principal aquifer of the basin is Recent alluvium which, in normal
years, contains about 300,000 acre-feet of water in underlying storage. Re-
charge is derived from: (1) The Gila River; (2) underflow; (3) infiltration
of irrigation water; (4) seepage from older alluvium; and (5) infiltration from
precipitation,

Natural discharge of ground water from the basin occurs as: (1) Effluent
seepage; (2) underflow; (3) evaporation from water surfaces and wetted
lands; and (4) transpiration by natural vegetation, Investigations showed that
9,300 acres of bottom-land vegetation in a part of the valley caused nonbene-
ficial use of about 28,000 acre-feet of water per year, Based on this it is
estimated that the total nonbeneficial use of water by all of the bottom=-land
vegetation in the valley may be between 50,000 - 60,000 acre-feet per year.
The quantity of ground water withdrawn each year is closely related to the
quantity of surface water available; the total quantity used for irrigation
does not change greatly from one year to another, In 1951 about 125,000
acre-feet of ground water was pumped for irrigation.

Some deep wells obtain water from aquifers in older alluvium where the
water is commonly highly mineralized and under artesian pressure. In the
Cactus Flat-Artesia area, almost all ground water used for irrigation comes
from the artesian aquifers in the older alluvium,

Water supplies of acceptable chemical character for domestic consumption
can be obtained in the basin, Waters from the Recent alluvium are low in
dissolved solids in some localities, and high in others. Waters from aquifers
in the older alluvium are not of uniform chemical character, but are commonly
so highly mineralized as to be undesireable for irrigation unless diluted.
Assuming a concentration of 2 tons of dissolved mineral matter per acre-foot
of ground water, the 125,000 acre-feet withdrawn for irrigation in 1951 con-
tained approximately 250,000 tons of salts.

The ground-water reservoir of the inner valley is small in comparison with
the quantity annually withdrawn for irrigation. Owing to the relatively high
permeability of the Recent alluvium, effects of changes in recharge and dis-
charge are rapid, Consequently, the water table fluctuates widely.

Turner and others (1946, p. 16) summarize ground-water~surface-water
relationships in the basin as follows:

Because of the intimate relation between the water in the ground

in this basin and the water flowing in the Gila River, the regulation

of withdrawal of ground water will be affected by the legal rights to

the use of the river waters.
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Therefore, in arriving at a determination of the principles that are
to serve as a basis for regulation of ground-water withdrawals,
careful consideration must be given to the interrelation of water
from the two sources. To illustrate the intricacy of the problems
involved, waters of the following four types or sources are cited:

1, Ground water derived by recharge from appropriated sur-
face water, such as seepage from canals and from the irrigated
lands. If this ground water is not intercepted by pumping, a part
of it will be lost by evaporation and transpiration, but the remainder
will eventually re-enter the river downstream and there become
available for diversion, However, in many places it might be prac-
ticable to intercept this water partially by means of wells or to re-
duce the losses by lining the canals, thus in effect cutting off the
source of some of the flow in the river channel downstream,

2. Ground water derived from recharge by tributary-wash inflow
and from natural recharge on outcrop areas, If this ground water
is intercepted before it reaches the river, the flow of the river will
thereby be decreased even though such interception would tend to
reduce losses by evaporation and transpiration. Diversion of such
ground water might be made by wells near the source,

3. Ground water saved by destruction of natural river-bottom
growth or by reduction of evaporation and transpiration through a
lowering of the water table caused by pumping. Except for that in
areas covered with river-bottom growth, there is only a small
amount of additional cultivable land, The ground water saved by
clearing such land would be available for use either by additional
water-well developments on the land or by allowing it to return to
the river for later diversion. Some ground water which would
otherwise be lost by evaporation and transpiration could doubtless
be saved through lowering the water table by pumping from wells,

4, Surface water that must now be allowed to move downstream
in the Gila River to meet prior claims. Much of this water is used
en route by phreatophytes or lost through evaporation, Removal of
river-bottom growth would save some of this water for beneficial

use,



Table 8.--Logs of representative wells in Safford basin, Graham County,Ariz.

®
®
®
® Thickness| Depth Thickness| Depth
® (feet) | (feet) (feet) | (feet)
* (D=} =22)12dbe
TopSOil = = = = = = = o 20 20 Hard pan = = = = = = = 4 2 26
® Rocks and sand = = = o 10 30 Gravel = = = = = = = = = 35 61
Water-bearing gravel 20 50 Hard pan = = = = = = = = B 62
o Boulders and rocks = - 2? gS Gravel = = =~ = = = = = = 6 68
Clay = = = = = = = = - 0 Redrock = = = = = = = = - 2 70
() TOTAL DEPTH 80 TOTAL DEFTH : 70
®
(D=Li=22)25bee (D-5-23)2dbb
@ Surface soil = = = = o 27 o TOpSOil = = = = = = = = = Lo e
Sand and silt = = = = 21 L8 Gravel = = = = = = = = = 10 50
o Water gravel and sand - L5 93 TOTAL DEPTH — 50
Solid rock = = = = = = 93
@ TOTAL DEPTH - 93
(D=5-23)13bcc
4 Terrace material - = - - Lo LO
» (D-L~22)26add Water gravel = = - = = o 6 L6
Dry sand, surface soil T A, Clay sand fill = = = = = 1 L7
® Billl ¥ o m, o o we  l 16 27 Water gravel (rocks) - 4 11 58
Sand and £ill with some Clay fill = = = = = = = ~ 1 59
@ water = = = = = = = = 2, L8 Water gravel = = = = = o 2 61
Good water gravel and Clay = = = = = = = = = o 5 66
) ] Db i o e o 35 83 TOTAL DEPTH - 66
Bed rock = = = = = = - ~ 83
@ TOTAL DEPTH 83
(D-5-23)36add
™ Topsoil and fill - - = o 56 56
(D=L=23)19bb White clay = = = = = = = 9 65
® Surface sand = = = - 36 36 Sand and pea-gravel - - - 15 80
Sand - gravel, dry =~ o 2 38 Red clay = = = = = = = = 8 88
4 Water sand and gravel o 2L6L 2h TOTAL DEPTH 2. 88
Red clay = = = = = = H 8
® TOTAL DEPTH 68
® (D-5-2L)19dce
Topsoil = = = = = = = = 18 18
Py (D=L=23)3lecch Water gravel and sand - - 3L 52
Gravel = = = = = = = o 30 30 Red clay = = = = = = = 8 60
g Clay = = = = = = = = = 18 L8 TOTAL DEPTH - 60
Gravel @ = = = = = = = o 17 65
» Clay = = = = = = = = = 30 95
SANA. e v e 8 103 (D-5=2l1)26d
@ Clay = = = = = = == - 11 11 Conglomerate, brown,
TOTAL DEPTH 11, medium=hard = = = = = = 20 20
® Clay, red, soft - = = = o 143 163
Sand and gravel, small
® (D~5-21)27 water = = — — = = = - S A
Py Sandy loam = = = = = = 16 16 Clay, gray, soft - - = o 76 2Li3
Dry gravel = = = = = ~ 8 2l Sand, gravel, water - - o 1 257
. TOTAL DEFTH : » 257
®
' )




Table 8.,~-Logs of representative wells in Safford basin-~continued

Thickness| Depth Thickness| Depth
(feet) | (feet) (feet) | (feet)
(D-5-24)30acd (D=6-2L)13ab
TOPSOil = = = = = = = 26 26 (Mary Mack flowing well)
Sand = = = = = = = = . L 30 Sandy loam = = = = = = 3 3
Rock and gravel -~ = - - 25 55 Sand = = = = = = = = = 17 20
Clay = = = = = = = = 7 62 Gravel; water = = = = = 160 180
Trace of gravel bearing Shale, sand, sandstone,
water = = = = = = = 1 63 gravel, vari-colored,
Clay = = = = = = = = 4 7 70 streaks of gypsum;
TOTAL DEPTH - -+ - -+« = A 70 water encountered at
1,645 ft., 2,143 ft.,
PIIE £, 3,110.T%. 3,360 |3,5L0
(D=6-2L)2abd Red sandstone = = = = = 180 |3,720
Dry clay, sand, gravel 38 38 Red sandy shale = = = - 1 3,734
Water-bearing gravel 2l 62 Cypsum = = = = = = = = L 13,738
Clay = = = = = = = = 6 68 Red sandstone - - = = = 29 3,767
TOTAL DEPTH - -- 68 TOTAL DEPTH 3,767
(D-6-21, )ibbd (D-6-25)7aca
Clay s0il = = = = = = - 28 28 Boulders - = = = = = = 36 36
Sand and gravel = = = 10 38 Sandy soil = = = = = = 10 L6
Water gravel = = = = - 6 Ll Water gravel = = = = = 1 60
Clay = = = = = = = = o 10 5L [[Clay = <= === m = 10 70
TOTAL DEPTH .. . Sl Water gravel= = = = = = L yn
Blisp o o o et 5 e s 1 115
TOTAL DEPTH - - - - = 115
(D=6-2L)10bdc
Unknown (old dug well) 2l 2l
Water gravel = = = = 52 76 (D=6-25)18baa
Clay = = = = = = = = 2 78 TOpSOil = = = = = = - - 18 18
TOTAL DEPTH - - 78 Sand and gravel = = = - . 12 30
Sandy s0il = = = = = = - 12 L2
Dry sand and gravel - = L L6
(D=6-2);)10cdb Coarse gravel = = = = = 2 L8
Silt = = = = - - 18 18 Quicksand = = = = = = = 2 50
Gravel = = = = = = = . 20 38 Limestone (hard pan) - - 6 56
Clay = = = = = = = = - 12 50 Clay soil and gravel - I 60
TOTAL DEPTH 50 Clay = = = = = = = = = . 2 62
TOTAL DEPTH - - - - - - 60




2000 ¢C086C0CC0C6CCEECOEECOIGOCEESEOPOECEILESEESEOEECESEOEEOSEOSTEOEETCSEOTO

Table C.--Logs of representative wells in Safford basin--coﬁtinued

Thickness |Depth Thickness| Depth
(feet) |(feet) (feet) | (feet)
(D-6-25)20cda (D-7-25)12adb

Topsoil = = = = = = = 5 5 Surface s0il = = = = = — 28 28

Sand, dry - = = = = = i 22 Dry sand and gravel = - 25 53

Gravel = = = = = = = 23 L5 Water gravel and sand =~ 2l 7

Red clay = = = = = = 12 57 Red clay = = = = = = = = 1 91

Blue clay = = = = = = - 3 60 TOTAL DEPTH ---- - g1

Red clay = = = = = = A Lo 100

TOTAL DEPTH ~ - = - -~ - 100

(D=7-26)6add
Sandy soil = = = = = = = i it
(D-6-25)22bdd Sand, gravel, boulders

Rocks and gravel - - 8 8 (water-bearing) - = - 31 38

Sand and gravel = - = 12 20 Blue clay = = = = = = = - 10 L8

Sandy soil = = - - = 8 28 TOTAL DEPTH L8

Quicksand = = = = = = - 12 Lo

Clay = = = = = = = = _ 6 L6 K]

Water, gravel - - - = - 2 L8 (D~7-26)X6ba

Hard pan = = = = = = 4 2 50 (Southern Pacific RR.,

Quicksand = = = = = = - 6 56 Safford, Ariz.)

Sand and gravel - = -~ - T 63 S0il = = = = = = = = = = |. 8 8

Water, gravel - - = = - 7 70 Gravel and boulders - = |- 82 90

Clay’ = = = = = = = = - 10 80 Clay, blue and yellow, -

TOTAL DEPTH - .+ = = - 4 80 streaks of gypsum and

of hard rock = = = = = 805 895
Yellow and brown clay
(D~6-25) 33abd with streaks of

Sandy s0il = = = = = 29 29 gYPSUM = = = = = = = = 105 1,000

Water gravel - - - = 27 50 Salty clay = = = = = = - 820 [L,82C

Clay = = = = = = = = L 5l TOTAL DEPTH - . e 1,820

TOTAL DEPTH Sl

(D-7-26)16ccc
(D-6-27)35ddd Topsoil = = = = = = = = |- 28 28

Gravel = = = = = = - 15 15 Dry sand, gravel,

Gravel and caliche boulders = = = = = - - 29 57
alternating in 3-foot Brown clay = = = = = = - 21 78
layers = = = = = = 235 250 Quicksand = = = = = = = 7 85

TOTAL DEPTH 250 Gravel and boulders - - | 1A 96

Blue clay = = = = = = = Lh 140
TOTAL DEPTH 1,0
(D-7-25)1

Fill = = = = = = = = 26 26

Iry gravel = = = = = 27 53

Gravel (water) =~ - - 25 78

Clay = = = = = = = = - 6 8l

TOTAL DEPTH -- -. 8l




Table 8,--Logs of representative wells in Safford basin--continued

Thickness|Depth Thickness|Depth
(feet) | (feet) (feet) | (feet)
(D-7-26)2Laac (D-8-26)31ddc
Clay = = = = = = = = I L Sand = = = = = = « = - 17 17
Dry boulders = = = = 1 26 30 Sandstone = = = = = = = - 9 26
Sand (water?) - = = = 8 38 Sandy clay = = = = = = - 3 29
Clay = = = = = = = = - 2 Lo Sandstone = = = = = = = - 7 36
Boulders and gravel - } 8 L8 Sandy clay = = = = = = - 30 66
Clay = = = = = = = = 2 50 Water sand = = = = = = - 2 68
Sand and gravel (water) 20 70 Sandy clay = = = = = = - 16 8l
Beulders = = = = = = 4 27 97 Red clay = = = = = = = - 2l 108
Blue clay = = = = = = : 5 102 Water gravel = = = = - A 2 110
TOTAL DEPTH e e e e 102 Clay = = = = = = = = =~ . 1 ‘5 115
Sandy clay = = = = = = - 8 123
I RN . +=n 150
(D-8~26)6abe Clay = = =~ = = = = = = 8 132
Sandy loam = = = = = 36 36 Sand = = = = = = = = = 1 133
Sand = = = = = = = = 3 39 Clay = = = = = = = = = 8 141
Sandy clay = = = = = 51 90 Sand = = = = = = = = = - 1 142
Water gravel = = = = 5 95 Clay = = = = = = = = = - 8 150
Sandy clay = = = = = 23 118 Sand = = = = = = = = - 1 151
Water gravel = = = = 11 129 Clay = = = = = = = = = - 9 | 160
Sandy clay = = = = = L 133 Sand = = = = = = =~ = = . 1 161
Water gravel = = = = 5 138 Sandy clay = = = = = = - o 175
Sandy clay = = = = = I 142 Clay = = = = = = = = = - 3L 209
Water gravel = = = = 2 1L Water sand = = = = = = - 2 211
Sandy clay - = = = = 26 170 Clay = = = = = = = = = - 30 241
Water sand = = = = = . 9 179 Hard sandy clay = = = = - 9 250
Sandy clay = = = = = 9 188 TOTAL DEPTH - - - 250
Water sand = = = = = - L 192
Sandy clay = = = = = 1L 206
Clay = = = = = = = = N 210 SUMMARY LCGS OF DEEP WELLS
Sand = = = = = = - - L 21l (Detailed logs in Knechtel, 1938, pp.
Sandy clay = = = = = 6 220 202-20L)
Clay = = = = = = = = 2 222 (D=9-27)36bd
Clay = = = = = = = = 2 22l Southern Pacific RR, Tanque, Ariz.
Sandy clay = = = = = 10 23L Hard pan = = = = = = = - 22 32
Hard sand = = = = = = 1 235 Cravel = = = = = = = = . 6 38
Water sand and gravel 2 237 Clay = = = = = =~ = = = - 52 90
TOTAL DEPTH 237 Sand and gravel (water) - 3L 12l
Clay, blue and yellow,
thin beds sand and
(D=8-26)7ddb gravel = = = = = = = . 272 396
Topsoil = = = = = = = 12 12 Sandstone = = = = = = = . I Loo
Quicksand = = = = = = 8 20 Blue clay = = = = = = = 192 592
Blue clay with cavitied 1LO 160 Gypsum and clay - = = = 143 735
CGray clay = = = = = = 1 161 Gypsum = = = = = = = = 30 765
TOTAL DEPTH 161 TOTAL DEFTH 765
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SAN SIMON BASIN, COCHISE COUNTY
By K. J. DeCook

Introduction

Location and extent

The San Simon basin forms part of a structural trough, lying between two
roughly parallel chains of mountains in the southeastern part of the desert re-
gion of Arizona. This trough trends northwest, and extends from the vicinity
of Rodeo, N, Mex., to the vicinity of Globe, Ariz.

The southern part of the trough is known as the San Simon basin, For this
report the San Simon basin is arbitrarily limited on the north by the line be-
tween T. 9S. and T. 10 S., on the east by the Peloncillo Mountains, arbi-
trarily on the south by the line between T, 16 S, and T, 17 S., and on the west
by the Chiricahua, Dos Cabezas, and Pinaleno Mountains (pl. 8).

Topography and drainage

The San Simon basin is drained by San Simon Creek and tributary washes,
The drainage pattern trends northwest, The drainage area within the San
Simon basin is approximately 1,250 square miles,

San Simon Creek enters the southern part of the area at an altitude of about
4,000 feet, and leaves the northern end of the area at an altitude of about 3,350
feet, Along the course of the creek, the area described in this report is about
42 miles in length., The gradient along the drainage axis of the valley is there-
fore approximately 15 feet per mile, The alluvial slopes extending from the
bordering mountains are of steeper gradients, ranging generally from 20 to
100 feet per mile, The width of the alluvial basin ranges from 10 to 25 miles.

Geology related to ground water

Rocks bounding the basin

The Peloncillo Mountains, bounding the basin on the east, consist princi-
pally of volcanic rocks and older sedimentary and granitic rocks, The
Chiricahua, Dos Cabezas, and Pinaleno Mountains, bounding the basin on the
west and southwest, consist of similar types of rocks as well as some ancient
schists.

All of the rock types composing the mountain ranges are hard and resistant
and are considered relatively impermeable, These may yield small amounts
of water to wells or to springs through fractures., The water-bearing character-
istics of these hard rocks are indicated on plate 8.

Bedrock underlies the basin, and was reported at a depth of at least 2,000
feet near the axis of the basin, Rocks described as rhyolite and volcanic
breccia reportedly were encountered near the base of the valley fill, The
volcanic debris encountered at depth may correlate with volcanic rocks in the
adjacent mountain ranges.
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Alluvial fill

The valley fill consists of a thick series of sediments, most of which were
derived from the rocks of the bordering mountains and were transported into
the basin largely by stream runoff, The sediments are of Quaternary and late
Tertiary age, and are almost entirely classified as older alluvial fill, Recent
alluvial fill overlies a small part of the older fill, mostly along present stream
channels.

Older alluvial fil]l,--Overlying the bedrock is the older alluvial fill, a series of
beds and lenses of clay, silt, sand, gravel, and conglomerate, in places inter-
bedded with sandstone and tuff. The older fill apparently is divided into three
rather distinct zones (fig. 6); (1) Stream deposits, forming the lower part of the
fill; (2) lake beds at intermediate depths; and (3) stream deposits, comprising
approximately the upper 200 feet of the older fill,

The general conditions controlling deposition of stream deposits in the basin
are discussed in Part I of this report under the title, “Regional geology’’ In the
San Simon basin, the deposits grade in texture from clay to boulder conglomerate.

The stream deposits in the lower zone of the older alluvial fill overlie the bed
rock and in places are interbedded with volcanic debris, It is expected that the
‘porosity of these deposits has been reduced by compaction and cementation, The
stream deposits that comprise the upper zone of the fill overlie the lake beds and
merge with older stream deposits near the margins of the valley. The maximum
thickness of this upper zone is about 200 feet,

At some time during the deposition of the older fill, a body of still water, pro-
bably without exterior drainage, occupied a large part of the San Simon basin
and extended into the Safford basin, During this time a series of lake deposits was
formed, consisting largely of clays. Regardmg the comp051t10n of these deposits,
now commonly referred to in the area as the‘“lake beds’) Schwennesen (1917,

p. 8) says: “They consist chiefly of gray, yellow, and greemsh blue clay and gray
and reddish sand., The sands are commonly interbedded with thin beds of tuff

and thin layers or partings of indurated coarse-grained sandstone)’ A layer of
dense clay, predominantly blue in color and about 400 feet thick, occurs in the
upper part of the lake beds (table 10). This blue clay is considered to be the layer
that confines water under artesian pressure in the older stream deposits and in
the lower sandy members of the lake beds, This artesian water is the principal
source of ground water used for irrigation in the basin,

In figure 6the profile of the lake beds is shown to be roughly parallel to the
present topography of the valley, Near the boundaries of the former lake, the
confining clay beds pinch out, and the older stream deposits below the clay and
the younger stream deposits above it merge to form a common aquifer. The two
principal aquifers in the basin are separated vertically by the confining clay
layer throughout most of the valley, but are connected in places around the
slightly elevated periphery of the valley.

Recent alluvial fill.--The Recent alluvial fill consists of unconsolidated silt,
sand, and gravel which were laid down largely by the aggradational work of
San Simon Creek and tributary streams and occupy parts of the present stream
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channels in the basin, The thickness of these deposits ranges from a fe.
inches to a few feet, They have limited areal extent, and retain insufficicnt
water to be considered important aquifers in the basin,

Ground water

Occurrence and movement

In the San Simon basin, ground water occurs principally in the older alluvial
fill, as both artesian and nonartesian water, The artesian water occurs be-
neath the blue clay in the older lake-bed deposits and in the underlying stream
deposits, This artesian water is encountered at depths ranging from about
250 feet to at least 2,500 feet. The nonartesian water occurs in the older
alluvial fill overlying the blue clay. The water table is encountered generally
below about 30 feet,

The general movement of ground water is similar in direction to the move-
ment of surface water, and is from the bordering mountain ranges toward the
axis of the valley, and down the valley from southeast to northwest,

Recharge

Nonartesian aquifers.--Water is recharged to the nonartesian aquifers as
underflow, percolation from irrigation water, leakage from artesian aquifers,
direct percolation from precipitation, and seepage from stream flow,

The mountain barriers prevent recharge by underflow from neighboring
basins to the east and west of San Simon basin, Underflow approaching the
southern boundary of the basin is forced nearly to the land surface by an under-
ground barrier of undetermined nature and forms the San Simon Cieraga,
an area of about 1,600 acres, The amount of ground water which moves north-
ward from the cienaga to recharge the nonartesian system is not known,

Cushman and Jones (1947, p. 9) estimated that about 15 percent of the water
applied to the land reached the water table as recharge, No additional data
have been collected by the Geological Survey with which to revise this estimate,
Based on the above estimate, the recharge from irrigation waters is less than
800 acre-feet annually,

An undetermined amount of ground water enters the nonartesian aquifers
from the artesian aquifers by leakage through defective or corroded casings or
outside the casings of artesian wells,

The discussion of recharge from precipitation in Part Iof this report is,
in general, applicable to the San Simon basin. Records of the U, S, Weather
Bureau indicate that the annual precipitation on the valley floor ranges from
less than 8 to more than 14 inches, Clay, silt, and caliche deposits, occurring
extensively near the surface in this basin, effectively hold the soil moisture
derived from precipitation at shallow depths within reach of evapotranspiration,

The major source of recharge to the nonartesian aquifers is probably
seepage from runoff in stream channels, Seepage occurs in the permeable
sandy or gravelly sediments in washes carrying runoff from the mountains to

the alluvial slopes which form the valley floor, Most of this seepage is derived
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from winter precipitation.

San Simon Creek flows only after heavy storms or prolonged rains. Geo-
logical Survey (1947) records of surface waters show the amount of runoff in
San Simon Creek for some years between 1919 and 1938, at gaging stations
near Rodeo, N, Mex., near San Simon, and near Solomon, Ariz, These re-
cords show that most of the runoff occurs during the months of July and
August, Kecharge frem this summer-storm runoiff is probably decreased
by the rapidity of runoff and consequent high content of suspended silt in
the waters, Figures for runoff at the three stations are not accurately
comparable because of the lack of synchronous records, the probable large
flood inflow from tributary washes between gaging stations, and the extreme
variations in amount of runoff in different years, Therefore, the amount of
influent seepage and recharge between these stations has not been estimated.

Artesian aquifers.--The beds of sand and gravel forming the pervious strata
of the artesian system receive practically all their recharge from runoff, The
principal recharge areas are the gravel zones near the steep mountain fronts,
outside the area underlain by the impervious clay stratum. The waters enter
the permeable beds, and move downward and into the aquifers that extend be-
neath the confining lake-bed clays.

Discharge

Ground water is discharged from the aquifers in San Simon basin by natural
and artificial means, Natural discharge occurs as evaporation, transpiration,
and underflow, Artificial discharge occurs as pumpage and artesian flow,

Natural discharge.--Evaporation and transpiration from the nonartesian
aquifers occur where the water table is relatively near the land surface, as in
the San Simon Cienaga. It was estimated (Cushman and Jones, 1947, p. 9) that
natural discharge in this 1,600-acre cienaga was about 8,000 acre-feet per year,
Elsewhere in the basin the water table is at relatively great depths and the
amount of ground water discharged by evaporation and transpiration is probably
small,

Natural discharge from the artesian aquifers of the San Simon basin probably
occurs as underflow to the Safford basin, Higher concentrations of dissolved
minerals in the northwestern part of the basin are a probable indication of this
movement, The quantity of water discharged from the basin by underflow is not

known,

Artificial discharge.--Ground water is discharged from the nonartesian aquifers
by pumping from wells for irrigation, domestic, and stock use, In 1946 there
were three irrigation wells which pumped approximately 200 acre-feet per year
from the nonartesian aquifers (Cushman and Jones, 1947, p. 9). Since then at
least three more wells have been drilled for irrigation use, These irrigation
wells are 12 inches in diameter, range from 100 to 190 feet in depth, and pump
about 100 to 250 gallons per minute (table 10).

In 1952, about 80 irrigation wells discharged artesian waters of the San
Simon basin in two general areas: (1) An area of earlier development in the
vicinity of San Simon; and (2) an area of recent development in the vicinity of

Bowie,
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Most of the older wells of the San Simon area are 4 to 8 inches in diameter,
nd from 300 to 800 feet in depth. Newer wells in this area are between 12 and
(8 inches in diameter, and range in depth from about 550 to about 1,300 feet,
The natural flow from the wells in the San Simon area ranges from less than 1
to about 100 gallons per minute. Pumping from some of the wells has produced
discharges greater than 500 gallons per minute, but the average is about 300
gallons per minute with an average pumping lift of about 80 feet,

The new irrigation wells in the Bowie area are 16 to 20 inches in diameter
with depths ranging from 450 to 1,400 feet, The discharge from these wells,
as measured by the Geological Survey, ranged from 650 to 2,100 gallons per
minute, It is probable that some of these wells can be pumped at greater rates,
because discharges of more than 3,000 gallons per minute have been reported.
Drawdowns in these wells at the time discharge measurements were made
ranged from 50 to 240 feet, with total lifts ranging from 150 to 290 feet, Water
levels in artesian wells north and east of Bowie range from about 10 to 80 feet,
and south and west of Bowie are as much as 220 feet below land surface,

Four wells, with diameters of 16 to 20 inches, were drilled west of San
Simon in 1951-52 to depths ranging from 960 to 1,380 feet. It was reported
that the discharge from these wells ranged from 300 to 500 gallons per minute
with pumping lifts of 280 to 300 feet.

There are artesian wells in other parts of the basin, six of which are in
T.118,, R, 29 E, These wells flow at rates of 15 to 75 gallons per minute, with
an average discharge of about 25 gallons per minute. An oil test, known as the
Whitlock No, 1, was drilled in sec, 31, T, 10 S., R.29 E,, to a depth of 1,925
feet., The flow of artesian water from this well was estimated to be 300 gallons
per minute in 1943,

It was estimated by Cushman and Jones (1947, p. 7) that in 1946 about 1,400
acre-feet of artesian water was wasted through uncapped wells which were
allowed to flow continuously. Some of these wells are abandoned and the flows
are not used., Flows from the other wells are used only during the irrigation sea-
on. The decline in artesian head in the past few years has caused a decrease in
the amount of water wasted,

The amount of water discharged from flowing and pumped artesian wells in
1951 was estimated to be 6,000 acre-feet, Approximately 1,800 additional acres
of land have been put under irrigation in 1952. On the basis of this increase in
irrigated acreage, it is estimated that the total amount of artesian water need-
ed for irrigation in 1952 will be between 10,000 and 12,000 acre-feet,

An undetermined amount of artesian water has been discharged to nonartesian
aquifers by leakage through deteriorated casings, through wells not cased into
the upper part of the lake-bed clays, and outside of the casings in wells where
the casing had not been properly sealed into the confining bed.

Storage

Amount of ground water in storage. --It was estimated (U, S. Geol. Survey,

1951, pp. 6-8) that the volume of‘‘available’’ ground water in storage in the San
Simon basin was 3,840,000 acre-feet, based upon a reservoir area of 1,000
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square miles, an average coefficient of drainage of 6 percent, and an average
reservoir depth of 100 feet, ““Available water’ refers to the water that would
be withdrawn by wells if the wells were spaced sufficiently close together to
remove the water from every cubic foot of saturated material in the area, It
is recognized that such well spacing is not feasible, The figure for the amount
of available water is in reality theoretical, and in actual practice can only be
approximated,

Sufficient data are not available with which to revise this estimate., The
data necessary for making storage estimates are discussed in Part I of this
report under the title “Hydrologic data!’

Changes in ground-water storage.--Water-level measurements made in wells
in the period 1913-15 are listed by Schwennesen (1917, pp. 22-26). Since 1940
the Geological Survey has maintained a water-level measurement program in
the San Simon basin., The water levels in about 20 wells are measured several
times a year. In 1952, about 40 additional wells were selected for once-a-year
measurements,

Figure 7 shows records of water-level fluctuations in four nonartesian wells
near San Simon, and in four artesian wells in the vicinities of San Simon and
Bowie. In these nonartesian wells, the average net decline in water levels
was about 4 feet between December 1940 and December 1951 and the greatest
decline was 8.2 feet in well (D-13-30)9acd during the same period.

The net decline in water levels in artesian wells (D-14-31)3bbd and
(D-14-31)25add in the vicinity of San Simon averaged about 27 feet in the period
1915-52, of which 93 feet occurred in the period 1940-52. The decline in
water levels in artesian wells (D-12-28)17ddd and (D-13-29)8ccce in the
vicinity of Bowie averaged 13 feet in the period 1915-52, of which 6% feet
occurred in the period 1940-52. The graphs of water-level fluctuation show a
uniform rate of decline in each area. The decline in the vicinity of San Simon
has been greater than that near Bowie because of the greater amount of water

development,

Cones of influence and well interference.--Generally, the spread of cones of
depression around nonartesian wells in the San Simon basin is insufficient to
reach other nonartesian wells and cause mutual interference with well outputs.

An indication of the lateral extent and rate of radial expansion of cones of
pressure relief in the artesian system is seen in the records of water-level
fluctuations in observation well (D-13-28)10bbb, Charts from a continuous
water-stage recorder maintained over the well showed a water-level decline
starting about 1 hour after well (D-13-28)10bcc, half a mile south, began pump-
ing at an estimated rate of 2,000 to 2,500 gallons per minute, The water level
dropped approximately 13 feet in about 10 days.

Numerous flowing wells in the San Simon area cease to flow while nearby
artesian wells are being pumped. Wells that formerly flowed throughout the
year now flow only during the winter months when the pressure relief caused
by pumping is at a minimum,
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Figure 7.--Graphs showing fluctuations of water level in observation wells in San Simon Basin, Cochise County.
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Quality of water

Chemical analyses of ground water

A study of the quality of ground water in San Simon basin was made by J. D.
Hem (Cushman and Jones, 1947, pp. 10-13) based on analyses of about 100
water samples collected in 1940-41 and in 1946, Earlier, Schwennesen (1917,
pp. 16-17) presented analyses of 25 samples in a discussion of quality of water.
An insufficient number of water analyses are available to the Geological Survey.
to permit a general study of conditions later than 1946,

The results of the 1946 studies are briefly summarized below. From the
analyses of water samples taken in 1951, it is considered unlikely that the
chemical character of the ground water has changed appreciably since 1946.
Table 11 shows 12 analyses of water samples taken from wells near San Simon
and three from wells near Bowie,

Most of the water samples collected in the San Simon basin have been from
the artesian aquifers, Samples obtained from the nonartesian aquifers show that
the waters are generally more highly mineralized than artesian waters in the
same area. There are too few analyses available for nonartesian waters to
justify a separate discussion of their quality, and only the artesian waters will
be discussed in the present report,

)

Relation of quality of water to use

The standards for quality of water with respect to use are set forth in Part
I of this report, and form the basis for discussing waters of the San Simon basin,

Domestic use.--Waters in the vicinity of Bowie are relatively soft, while in
the vicinity of San Simon waters are moderately hard. The hardest waters
sampled were found east and southeast of San Simon. None of the analyses of
waters from the basin show an excessive concentration of chloride or magnesium,
or of total dissolved solids., Only three analyses show a sulfate content greater
than 250 parts per million., About 70 percent of the waters sampled in the basin
contained more than 1,5 parts per million of fluoride, and waters with more than
10 parts per million of fluoride are common,

Irrigation use.--Of the water samples from San Simon basin analyzed to date
by the Geological Survey, none show a high chloride or boron content. About
8 percent of the samples showed a specific conductance greater than 1,000
micromhos, which may be considered moderately high., Of these, the most highly
mineralized waters sampled were found along the course of San Simon Creek.
The percent of sodium in the ground waters is highly variable in the basin.
Sodium percentages greater than 75 were found in the northwestern part of the
basin, in the immediate vicinity of San Simon, and in well (D-12-28)22cdc,
near Bowie. However, the waters having high sodium percentages are not
necessarily unsuitable for irrigation, because the dissolved-solids content is

relatively low.
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Problems
Need for additional studies

The following is a brief summary of the factors to be investigated in order
to evaluate more completely and accurately the ground-water supply of San
Simon basin:

1. Amount of ground water in storage and changes in storage in the artesian

and nonartesian aquifers,

2. Amount of water recharged from precipitation, runoff, water applied to
the land, and underflow to the basin,

3. Amount of water discharged by wells, evapotranspiration near the San
Simon Cienaza, underflow from the basin, and leakage from artesian to
nonartesian aquifers through defective wells.

4., Nature of the undergrounc barrier near the cienaza.

Summary

The San Simon basin forms a part of a larger basin, probably of structural
origin, lying between two parallel chains of mountains. The basin trends
northwest, and extends from the vicinity of Rodeo, N, Mex., to the vicinity of
Globe, Arigz,

Drainage of the basin trends in a general northwest direction, and empties
into the Gila River near Safford, The drainage area of the basin is approximately
1,250 square miles,

The parallel mountain chains that border the basin are composed of igneous,
metamorphic, and older sedimentary rocks, which are relatively impermeable,
Hard rocks, possibly related to the mountain rocks, underlie the basin at depths
ranging to at least 3,000 feet below the present land surface of the valley.

The valley fill, derived largely from erosion of the adjacent mountains,
consists of a series of beds and lenses of clay, silt, sand, gravel, conglom-
erate, sandstone, and tuff, The valley {fill is divided into two parts--the
older alluvial fill, including the lake beds, and the Recent alluvial fill,

The older stream deposits and the lower part of the lake beds contain
permeable members which form the confined strata of an artesian system. The
upper member of the lake beds is a dense clay which forms the confining stra-
tum,

The major source of water available for recharge to the artesian ground
water of the basin is runoff from mountain areas. The major source cf re-
charge to the nonartesian aquifers is seepage from stream flows,

Most of the ground water artificially discharged from the basin is pumped
from the artesian system. In general the artesian wells are between 4 and 18
inches in diameter and between 300 and 1,400 feet in depth, The discharges
by pumping of the wells range from about 80 to 2,100 gallons per minute, The
amount of water discharged from flowing and pumped wells was about 6,000
acre-feet in 1951, About 1, 100 acre-feet of water from flowing wells was not
put to beneficial use in 1951,
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The head of artesian water decreased about 10 feet between 1940 and 1951,
The decline of nonartesian water level was about 4 feet between 1940 and 1951,

Chemical analyses of water samples show that the waters of the basin are
moderately hard except in the vicinity of Bowie and contain excessive amounts
of fluoride in many parts of the basin, Artesian waters are generally suitable
for irrigation.

Additional data are needed in order to determine amounts of storage, re-
charge, and discharge of ground water in the basin,




Table 9.-—-Records of representative wells in San Simon basin, Cochise County, Ariz.

® © &6 O 0060 000 06 000900 900 00 0 0 0060 0 00 0 0 0 9 0 0

Water level Discharge Pumping level
Depth below |Date of Gallons| Date of Depth below|Date of

Well Depth of land-surface |measure- Type of |[Use of,|Log on | Analysis per |measure— measuring |measure-—
no. well (feet) | datum(feet)?/| ment 1888 Y watezf# file |on file [|minute ment point(feet) | ment
(D-12-28)

Socdc 660 49, 34 10/ 51 T, Bu I X ki 935 5/ 52 143 5/ 52

35cd c2 620 5k, 26 10/51 T,G I X = 665 h/52 150 H[52
(D-13-28)

sc €30 - - - 2 X b4 - - - -

Jbee - 174.88 4/ 52 TG I Y - 2,1C0 K/ 52 - =
(D-13-29)

18bac 860 46.27 1/52 - N - X - - » o

27acce 1,040 & L. D I % s 1,490 5152 14 5/52
(D-13-30)

Fed 855 % = % i i - - - - -

19ccc 980 = = & < X s = = = =

3bcce 1, 380 - - Artesian I - - h00 hl52 295 hL52
(D-13-31)

20dad 648 Flows - Cf,B 5 e = X 150 L/ u6 - -

2lcaa 1,280 - - T,B I % i 510 5/ 52 106 5/52

28baa, 763 Flows - B 0,81 = X 230 5/ 52 75.3% 5/ 52

30cca 72 61.64 12/40 G, W D ko X - - - -

33aac olUg 4.00 11/40 - 3 Fs X g = * { -
(D-14-31) |

3cda 700 - - T,E S, 1 - o 105 4/46 == -

15céd 800 5.99 6/51 T,D I . s 550 5/ 52 37.3 B 52

23ccel 650 s . TE I ¥ - 2l5 5/52 93.8 5/ 52

2hdbe 600 12.85 12/40 Bu s T = 275 5/52 ol L 5/ 52

26bbce 800 - - T,E Dy = g 265 YA 5.8 5/52
(?-1L-32) '

30bcd 560 Flows - Cf,E D, Bt - = 115 /52 - =
g/ Depths were corrected to land-surface datum from measuring point.
E/ T, turbine; Cf, centrifugal; C, cylinder; Bu, butane; G, gasoline; D, diesel; E, electric; W, windmill.
E/ I, irrigation; P, public supply; D, domestic; S, stock; N, not ucged.




Table 10.--Logs of representative wells in San Simon basin, Cochisé County,

AI‘iZo
Thickness| Depth Thickness| Depth
(feet) | (feet (feet) | (feet)
(D-12-28)35cdc2 Brown clay = = = = = = = 38 188
Topsoil, red = = = - - A L L Grey shale = = = = = = o él, 262
Caliche, light - = = ~ 4 L 8 Sandstone = = = = =-= 3 255
Sandy clay, red = = = - 20 28 Grey shale = = = = = = - 19 274
Clay, blue = = = = = = A 7 35 Brown sandy shale = - o L1 315
Sand and gravel dry - o 15 50 Sand and gravel = = - - 5 320
Clay, yellow = = = = - - 20 70 Brown shale sand and
Clay and .boulders, gravel = = = = = = = = 5 325
yellow = = = = = = = = 5 75 Sand and gravel - - - o 126 L51
Clay, yellow = = = = = - Lo 115 Brown shale = = = = = = L1 L92
Sand and gravel, yellow 5 120 Sand and gravel = = = - 50 542
Sand and rock, hard, Boulders = = = = = = = = 3 545
yellow = = = = = = = - 15 135 Blue shale = = = = = = = 7 552
Clay with sand, yellow - 31 166 Sand and gravel = = - = 56 608
Blue shale, sticky - - 4 29 195 | [Water sand, big flow - - L 612
Blue clay = = = = = = + 38 233 Sand and gravel = - = = 113 725
Sand and gravel, ‘grey -~ 22 255 Sand gravel, hard - - = Lo 765
Shale, sticky, blue =~ - 13 268 Water sand = = = = = = = 50 815
Gravel and boulders, Blue shale, hard - = - = 15 830
(l1ittle water) - - - 4 7 275 | | TOTAL DEPTH 830
Shale, sticky, blue - A 30 305
Clay and shale, blue - - 60 365
Shale, sticky, blue =~ - 10 L75 (D-13-29)2kdcc
Sand and gravel, Topsoil = = = = = = = ~ 3 3
(water at L85'), grey 20 495 Hard pan = = = = = = = o 3 6
Gravel and sand with Caliche = = = = = = = = L 80
clay streaks, grey - A 10 505 Sandy clay, grey - - - = 8 88
Sand and gravel, grey -+ 89 59l Brown clay, soft - - - = 7 95
Sand and fine gravel, Sandy clay (water) - - - 17 112
ErEY = = = = = = = = o 6 600 Lime clay = = = = = = = 28 140
Boulders, grey - - - - - 15 615 | |Brownish shale - - - - - 8 148
Hard sand rock, grey - - 5 620 Blue shale = = = = = = = 180 328
TOTAL DEPTH : 620 Sandy blue shale = = = = s 335
Blue shale, hard - - = - 245 580
Black shale, tough - - - L8 628
(D-13-28)3c Blue shale, (trace of
Sand = = = = = = = = = - 2 2 sand = = = = = = = = ~ 7 635
Soil = = = = = = = & = o 8 10 Blue shale = = = = = = = L3 678
Clay = = = = = = = = = - 5 15 Brown shale, hard lime-
Sand and gravel - - - o 2 17 stong = = = = = = = - 107 785
Clay = = = = = = = = = 2 19 Black fine sandy clay - 23 808
Sand and gravel - ~ - - 11 30 Grey shale, hard - - - - 6 81l
Clay = = = = = = = = = - 8 38 Black sandy clay - = = = 10 82l
Sand and gravel = = = -~ 13 51 Black silty clay, (Loose
Light brown clay - - = - 57 108 sand) = = = = = = = = 8 832
Sand = = = = = = = = — 2 110 Sand and small gravel - 8 8L0
Grey shale = = = = = = - 25 135 Grey shale, hard - - = = 5 85
Water sand = = = = = = = 5 1,0 Gravel and sand = = - - 55 900
Blue clay = = = = = = 10 150 Gravel and sand with clay 30 930




Table 10,--Logs of representative wells in San Simon basin--continued

 J
®
»
® Thickness| Depth Thickness| Depth
® (feet) | (feet) (feet) | (feet)
Gravel and shale Sand, gravel and
’ 9 3 =
(hard) = = = = = = = - 15 oL5 granite wash water, -
°® Gravel and shale, light grey = = = = = 35 1068
(very hard) - = = - - 19 96L Brown shale - = = - - - 6 1074
Ps TOTAL DEPTH - - - = - + 96l Sand, gravel and boulders,
light = = = = = = = = 3L 1108
® Rock with some broken
(D=13-30)28acc sand (hard), brown - 30 1138
» Surface soil, dark =~ - L L | |Rhyolite (very hard),
Caliche, light - = - 4 2L 28 dark = = = = = = = = 82 1220
® Caliche and boulders, Rhyolite, boulders,
light = = = = = = = - Lk e quartz and some sand,
[ ) Sand and small gravel (white), brom = - = 8 1228
(trace of Hy0), red - 15 87 Granite boulders with
® Clay and gypsum, light some mica and brown
Be N = i = o - 113" 200 shale, brom - - - - 9 1237
* Gypsum, light - - - = - Lo 240 | |Shale, brown = - - - - 28 | 1265
° Blue shale, blue - - o LO8 6L8 Conglomerate sand,
Grey shale, grey - - o4 113 761 boulders, quartz,
® Sand, hard, red - - - - N 765 browm L5 1310
Congl. of soapstone, Shale, red = = = = = = il 1347
® brown shale, little Red shale and sand, red 16 1333
sandy, brownish - - - 9 77k Sand (water) = = = = = 21 135
® Congl. of sand, small TOTAL DEPTH = = = = = = 1354
gravel, and brown
* shale, bromm = - - - 1 788 ( ;
Sand, brown = = = = = o 2 790 D-13-31)31ch
& Congé. of sand, quartz Clay = = = = = = = = = 73 '&738
and shale streaks, ° Sand = = = = = = = = = 4
® light brown = = = = = 50 8,0 Clay = = = = = = = = = L 86
Sand, soft, with quartz- Sand and gravel = = = = 57 143
J 2
® WALED, Erey = = = = = 32 852 Dense dark blue clay
° Sandy quartz, hard with foul odor - - - L22 565
streaks, grey - - - = 13 865 Fine sand = = = = = = = 6 571
® Sand, soft with some Grey, joint clay = - = 86 657
boulders (water sand) Phfie - and = = = = = = = 5 662
® Erey == = = = = = = 22 887 Caliche and clay. = = = L3 705
Sand, hard cemented with Coarse sand = = = = = = 5 710
™ some large boulders, Caliche, pebbles, clay 86 796
Erey = = = = = = = = I 891 Coarse sand = = = = = = N 800
® Sand, soft streaks, some Hard clay = = = = = = = 50 850
water, grey = = = = = 39 930 TOTAL DEPTH = = = = = - 850
) Cemented sand, hard
very light - = = = = 68 998
F Hard sand with blue (D-14-31)16dc
shale streaks very Surface s0il = = = = = k. 3
® thin, light blue - - 6 1004 Light brown clay and
Brown shale, sandy, silt, considerable lime 71 L
[ bromn = = = = = = = = 29  |1033 | |Light brown clay and |
silt, highly calcareous,
® water at 75 feet = - | L6 120
o
L




Table 10,--=Logs of representative wells in San Simon basin~~-continued

Thickness| Depth Thickness| Depth
(feet) | (feet) (feet) | (feet)
Light blue clay - - - - 203 323 Cemented sand and
Evenly graded water- gravel = = = = = = = - 5 1835
worn particles of Cemented fine sand
light blue shale or and clay = = = = = = 4 165 2000
clay; first water TOTAL DEFTH 2000
stratum = = = = = = 2 325 No water was encountared
Blue clay = = = = = = - L5 370 below 928 feet,
Light brown clay = - o L 374
Blue clay = = = = = = - 8 382
Fine clean sand = = = - 3 385
Blue clay = = = = = = = 25 L10
Light brown clay; lime 171 581
Sand; flowed 10 gallons
a minute =~ = = = = o 11 592
Partly cemented sand
and gravel = = = = = 3 595
Brown clay mixed with
lime = = = = = = = 72 667
Sand and gravel; flowed
about 1 gallon a
minute = = = = = - - 1 668
Sticky browmn clay - - o 1 682
Partially cemented sand
and gravel = = - = = 11 693
Brown clay = = = = = = 21 yan
Partially cemented sand
and gravel; water - o 2 716
Blay m e == = 5 721
Partially cemented sand
and gravel; water - - 5 726
Fine cemented sand and
clay = = = = = = = o 2 L7
Partially cemented fine
sand; water - - - = o 5 752
Very fine cemented sang
and clay = = —= = = = 130 882
Fine sand; water = - - 3 885
Fine cemented sand - - L1 926
Fine sand = = = = = = = 2 928
Very fine sand, some
cemented clay and fine
sand 812 1740
Cemented sand and gravel 25 1765
Cemented sand and clay 10 1775
Cemented sand and grave 5 1780
Cemented sand and clay 25 1805
Cemented sand, clay,
and gravel = = = = - 5 1810
Cemented sand and clay 20 1830




Table 1ll.-—Analyses of water from wells in San Simon basin, Cochise County, Ariz.

(Parts per million except specific conductance and percent sodium)

O 000000 000 06000600 0 0¢ 000000 09000000000

Specific. Total
well Date of Depth | Temr— conduct— Mag—| Sodium hard-| Per-
no. collection of pera—| ance(micro-{ Cal-| ne—| and Bicar-| Sul- | Chlc Fluo—| Ni- Dis— |ness | cent

well | ture mhos at cium sium| potassium bonate|fate | ride | ride | trate| solved| as SO—
(feet)| (°F.)| 250 C.) (Ca)| (Mg)| (Wa/K) (HCO=z)| (s0y)| (c1) | (F) (NOz)| solids| CaCO< dium
(D-11-29) i
lcd 8-3-Ub 60C4 | 84 |1,060 4.0l 0.5| 223 a/263 189 50 [k 2 610 | 12 98
36¢h 8—3-46 — 90 g74 10 0.9/ 196 | 198 154 g6 | 3.0 |2.2 550 | 28 9l
(D-12-28)
22cdc 6-19-51 648 86 33Y 10 1.3 62 93 49 o4 [ 1.4 5 |»/216 | 30 g2
(D-13-28)
3c 6-19-51 800 99 343 16 3.2 BT 126 3Y oU .8 |1.8 |c/231 | 53 70
8 6-19-51 - - 495 50 |11 i 252 29 16 .6 6.7 |d/329 {170 36
(D-13-29)
18bac H-2-l41 860 78 346 14 5.2| 58 e/133 45 15 | 2.3 - 205 | 56 69
2ldcel | 11-19-L40 960 | 105 558 2.0 L4.g| 128 £/2L8 67 11 | 5.5 2 340 | 25 92
(D-13-30)
Zbdc 11-19-40 860 85 510 4.5 6.6 114 136 gl 17 |20 1.6 324 | 38 87
24adb 4-29-41 830 65 660 5.5 L.U4| 157 g/ 281 4o 10 |32 - 389 | 32 91
(D-13-31) :
30cca 12-1-40 72 61 949 30.-]11 186 17k 232 | 89 |L.7 |2.8 pLk2 120 17
(D-10-31) . '
hdcol 4-30- 825 76 367 22 4.8 58 127 72 7.¢4 4.8 - 232 | 715 63
Teed 12-11-40 760 8l 349 13 | 3.5| 68 140 43 7.0 9.2 .8 21l b 76
16dcd H-1-41 2,000 88 423 22 he2|. T1 139 98 9 e - 272 | 76 67
24dcc F—2-U41 630 77 Lo5 46 7.9] 32 148 79 5.0 2.4 - ohn | 147 32
(D-16-32)
2ldd 10-1-46 114 = 285 L2 4.9 13 1uh 28 2.4 .8 o1 162 | 125 18
a/Contains equivalent of 34 parts per million Carbonate (003) f/Contains equivalent of 57 parts per million
b/Contains 22 parts per million silica ( siop) carbonate (COz)
E/Contains 32 parts per million silica (Si0p) g/Contains equiva%ent of 58 parts per million
E/Contains 48 parts per million silica (Siop) - carbonate (COB)
E/Contains equivalent of 10 parts per million carbonate (003)
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UPPER SAN PEDRO BASIN, COCHISE COUNTY

By L. A, Heindl

Description

The Upper San Pedro basin is defined for this report as the drainage basin
of the north-flowing San Pedro River between the International Border and
The Narrows (pl. 9). As defined,it lies completely within Cochise County.

The west boundary is the drainage divide between the San Pedro and Santa
Cruz Rivers along the Rincon, Whetstone, and Huachuca Mountains. The east
boundary is the drainage divide extending from the southern end of the
Winchester Mountains southward through the Little Dragoon, Dragoon, and
Mule Mountains. The southern boundary is the International Border and the
northern boundary was selected as the drainage divide separating tribu-

tary streams entering the San Pedro above and below The Narrows at the Tres
Alamos dam site,

The Upper San Pedro basin is 58 miles long and 15 to 35 miles wide and
trends about N, 10° W, The San Pedro River above The Narrows drains an
area of about 2;500 square miles, of which about 650 square miles is in Mexico.
and about 1,850 square miles is in the United States (Water-Supply Paper
1049, pp. 335-345). ;

Although the general trend of the basin is nearly north, the individual moun-
tain ranges trend west of north., This relationship gives the valley an irregu-
lar outline which is accentuated by the Tombstone Hills, These hills jut into
the valley from between the Dragoon and Mule Mountains and divide the Upper
San Pedro basin, structurally and hydrologically, into two sub-basins, The
division between the sub-basins was selected as the drainage divide separat-
ing tributary streams above Charleston from those below. The upper sub-
basin is designated in this report as the Charleston sub-basin and includes
the area between the International Border and Charleston; the lower is called
the Benson sub-basin, and includes the area between Charleston and The
Narrows.

Geologv
General discussion

The geologic map of the Upper San Pedro basin (pl, 9) is compiled from
the geologic map of the State of Arizona (Darton and others, 1924), published
reports (Butler and others, 1938; Darton, 1925; Ransome, 1904), and un-
published data and reports in the files of the Geological Survey (Moore and
others, 1941; Bryan and others, 1934; Cooper, J. R., unpublished data; Moore,
B. N,, unpublished data).

Rock types in the Upper San Pedro basin include the crystalline and meta-
morphic complex, pre-Tertiary sedimentary rocks, Cretaceous(?) and Terti-
ary(?) volcanic rocks, Tertiary and Quaternary or ‘‘older’’ alluvial fill, and
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Recent alluvial fill, Schists, gneisses, and granites of the crystalline and
metamorphic complex form large parts of all the mountains in the basin. Pre-
Tertiary sedimentary rocks constitute the largest part of the Whetstone,
Huachuca, and Mule Mountains and occur in limited areas in the Little Dragoon
and Dragoon Mountains and in the Tombstone Hills. Small outcrops of volcanic
rocks occur in the hills south of the Whetstone Mountains, the Canelo Hills, and
at the south end of the Dragoon Mountains,

The trough of the Upper San Pedro basin contains a considerable thickness
of alluvial material, ‘The known thickness of the alluvial fill ranges from a few
feet to at least 1,500 feet., In the Tombstone area hills of granitic material are
surrounded by alluvium that attains a thickness of about 600 feet adjacent to the
San Pedro River,

North and south of the Tombstone Hills, the river has developed a narrow
flood plain which is locally cultivated. The flood plain is generally about a
quarter of a mile to 15 miles wide, The Recent alluvium ranges from less
than 10 to about 120 feet in thickness and averages about 60 feet, The alluvium
is thickest in the central parts of the sub-basins and thins where the river cuts
through crystalline rocks near Charleston and The Narrows,

Pediments are known to exist in some places below the alluvial fill along
the mountain fronts, but their locations have not been mapped.

Alluvial fills

A general description of the older and Recent alluvial fills of the region
appears in Part I, ““Regional geology.”’ The present discussion of these
materials is based on interpretations of logs of wells in the Upper San Pedro
basin, Only those wells discussed in this section are shown on plate 9. Their
records are shown in table 12, A few selected logs are presented (table 13)
to show the composition of both the shallow flood-plain deposits and the older
alluvial fill, '

Recent alluvium.--The following logs are considered representative of the
flood-plain deposits along the upper San Pedro River: (D-16-20)34acdl at
Pomerene; (D-18-21)28db5 south of St. David; and (D-23-22)10acc in the ‘Here-
ford area. These logs show that unconsolidated sands and gra vels of the
Recent alluvium supply shallow ground water to wells, They are generally
underlain by clay.

Older alluvium --Deep wells in and adjacent to the flood plain have penetrated
artesian aquifers in two areas (pl. 9)—Palominas-Hereford in the Charleston
sub-basin and St, David-Pomerene in the Benson sub-basin.

The limits of the Palominas-Hereford artesian area are not clearly defined,
The area is estimated to be about 10 miles long and 1 mile wide but may be
larger. A representative log from this area, (D-23-22)10acc, showsa thickness
of 102 feet of gravel, sand, and silt, probably Recent alluvium, overlying
gypsum, Below the Recent fill and within clay beds of the older alluvium there
are at least seven sand or gravel members that yield small amounts of artesian
water., Many wells are not cased below the shallow gravels, as the underlying
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material is consolidated and does not cave,

The St, David-Pomerene artesian area is much larger than the Palominas-
Hereford area, and extends from about 6 miles south of St. David along the
axis of the valley to the vicinity of Pomerene, a distance of about 12 miles. It
has an average width of about 2 miles and is as wide as 4 miles near St, David,
The total proved artesian area is about 25 square miles,

The water-bearing beds of sand and gravel in the St. David-Pomerene area
range in thickness from 2 to 40 feet, Waters under artesian pressure apparent-
ly are present in two distinct zones, Flow has been reported from depths as
shallow as 80 feet, but usually the first artesian zone is encountered at about
250 feet. The deeper artesian zone extends from 600 feet to a known depth of
about 1,400 feet., The similarity of chemical quality of waters from aquifers
in the deeper zone indicates that these aquifers are interconnected.

Logs of artesian wells in the St. David-Pomerene area are given in table 123,
These logs demonstrate that the artesian aquifers occur at several depths
below land surface in the different parts of the artesian area. Near St. David,
water under artesian pressure is encountered between 250 and 400 feet and
below 580 feet, Only the deeper zone is reported to be present 6 miles south
of St. David. Near Benson, the first artesian aquifers are encountered at
depths ranging from 500 to 915 feet and there is only one report of an artesian
aquifer at a depth of less than 500 feet, Near Pomerene, artesian aquifers are
reported from 300 to 800 feet and may be divided into aquifers above 600 feet
and those below 600 feet on the basis of differences in water quality, Correla-
tion of these data suggests that the artesian aquifers below 600 feet are inter-
connected, whereas the sand and gravel beds in the upper zone between 300 and
600 feet are lenticular and discontinuous.

No quantitative data are available regarding artesian pressure heads. In
many cases the water does not rise to the land surface in a well, but this may be
caused by leaks in the casing below ground or the relatively high position of the
land surface at the well,

Wells drilled in the valley outside the artesian areas also penetrate older
alluvium. In contrast to the predominance of clays and silts in the older
alluvium along the axis of the valley, progressively coarser-textured but less
sorted materials are encountered in wells that are located farther from the
axis and nearer the mountains, The clay layers encountered in such wells tend
to be relatively thin, The log of well (D-21-20)33ab is considered represent-
ative of wells drilled into older alluvium along the margins of the valley, The
log of well (D-24-21)11 shows the rapid alternation of fine and coarse beds that
is characteristic of the older alluvium in the zone between the predominantly
coarse beds higher on the flanks and the predominantly finer beds along the
axis of the valley. A coarser phase of the older alluvial fill near Naco is
shown by the log of well (D-24-24)1 &

Bedrock below older alluvium.--In a few places, wells drilled through the
older alluvial fill have encountered bedrock, The log of a well at Fairbank
shows granite at a depth of 617 feet, A well drilled in the alluvial fill between
the Tombstone Hills and the Mule Mountains entered pre-Tertiary limestone
at 200 feet, The log of a well between the Canelo Hills and the Huachuca
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Mountains shows volcanic rocks were encountered at 210 feet with some inter-
bedded sediments below. The log of well (D-21-18)6c suggests that about 600
feet of older alluvium overlies pre-Tertiary sedimentary rocks that extend

at least to 1,115 feet.

Cross sections

Two diagrammetric cross sections of the Upper San Pedro basin are pre-
sented in figure 8 to illustrate the structural and depositional characteristics
of the ground-water reservoir. The cross sections are not to scale and the
gradients are exaggerated, but they are representative of available geologic
and hydrologic data. The cross section in figure 8A shows transverse re-
lations across the valley in the alluvial fill of the Benson sub-basin, Figure
8B shows the longitudinal relations of the Charleston and Benson sub-basins
along the length of the San Pedro River from the International Border to The
Narrows.

Transverse cross section.--The cross section of the alluvial fill of the
Benson sub-basin (figure8A) shows the broad relations of the older alluvial
fill to the enclosing mountains and to the Recent alluvial fill and the general
relations of the clay and silt to the sand and gravel within it, Four hypo-
thetical wells are shown to demonstrate several of the known relations en-
countered by drilling, The wells are identified by letters and the rock types
by numbers. '

Alluvial material occupies the structural trough between steep-sided
mountain masses (1), The alluvial material is in depositional contact with
the hard rocks of the mountains in most places, but in some places the con-
tact is formed by faults, Small pediment areas (8) are shown underlying the
outer margins of the alluvial fill along the mountain fronts. The shape and
material of the bedrock underlying the structural trough is not known in
sufficient detail to be shown,

The older alluvial fill is composed of coarse materials along the margins
(3) that grade toward the axis of the valley into clay and silt (4). During some
periods, conditions were such that coarser materials, either sand or gravel,
were deposited clear across the valley (6). Within the clay and silt there are
local lenses of sand or gravel (7),

The sequence of deposits along the axis indicates that, in general, a series
of coarser detrital materials (6) was deposited between a lower (5) and an
upper (4) series of clay and silt, Ground water in sand and gravel lenses
interfingering with, or lying within, the upper clay and silt series (4) is’
sometimes referred to as the ‘‘upper artesian zone’’ and ground water between
the two clay and silt series is sometimes referred to as the ‘‘lower artesian
zone.”’

A single fault within the older alluvium is shown beneath the Recent alluvi--
um to illustrate one avenue by which ground water from the older alluvium may
seep into the Recent alluvium. Such a fault may be inferred from the presence
of springs or seepage areas along the San Pedro River, The diagrammed
fault shows a small amount of displacement,
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The older alluvium was incised by the channel of a through-flowing stream
and then partly refilled by Recent alluvium (2) to form the flood plain of the
inner valley. The coarser material of the Recent alluvium lies within the
channel cut into the finer materials of the older alluvial fill. The Recent
alluvium in turn has been incised by the present channel of the San Pedro
River, »

The artesian-pressure (piezometric) surface slopes toward the axis of the
valley and is intersected by three hypothetical wells, A fourth well, ‘A"’
is drilled on the flood plain through coarser, variable materials of the Recent
alluvium and bottoms in clay of the older alluvium., The water level in this
well represents the position of the water table in the Recent alluvium,

Well “‘B’’ was drilled where clay beds are exposed and encounters six
separate sand or gravel beds alternating with clay and silt, There is an
artesian rise of the water from the aquifers to the level of the piezometric
surface, but the hydrostatic head is not enough to make the well flow, Water
is obtained from both the upper and the lower series of aquifers.

Well ‘“‘C’’ also was drilled where clay and silt beds are exposed and 1is so
located that it remains in clay and silt beds for a considerable proportion of
its total depth., It obtains water only from the lower series of aquifers, and
the land surface is low enough for the well to flow.

Well ““D,”’” drilled on the upper flank of the valley, penetrates coarse dry
material above a thin bed of clay and encounters ground water in sand and
gravel below the clay. :

There is intercommunication throughout the ground-water reservoir in
the alluvial fill, with the possible exception of some of the separated lenses
shown within the upper series of clay and silt. Because of this intercommuni-
cation,. it is possible for the chemical quality of the water in artesian aquifers
tapped by wells ““‘B’’ and ‘‘C”’ to be similar to that of well ‘D,’’ high on the
flank of the valley,

It is assumed that intercommunication between the ground water in sand
lens (7) and the remainder of the water-bearing beds is poor. Because of
this lack of intercommunication, the ground water in lens (7) is not replenish-
ed readily and is likely to be more highly mineralized than most of the ground
water in the rest of the reservoir.

Longitudinal cross section.--The longitudinal cross section (fig, €B) illus-
trates the thinning of Recent alluvium in the lower end of the basin at The
Narrows, and the division of the Upper San Pedro basin into the Charleston
and Benson sub-basins, Crystalline and metamorphic rocks and pre-Tertiary
sedimentary rocks crop out across the axis of the valley at The Narrows and
west of Tombstone to form natural subdivisions of the drainage basin of the
San Pedro River, These rocks are overlain depositionally by older alluvial
fill-adjacent to the areas of exposed kedrock. The relations at depth are not known.

The Recent alluvium is known to be thin where the San Pedro River scours
through the exposed-bedrock areas and it thickens away from these exposures
towards the middle parts of the sub-basins.

The gradation and interfingering of coarser to finer materials occur
longitudinally as well as transversely (fig. 8B). The approximate location of
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the transverse cross section is indicated. The two sections are not to the
same scale,

Ground-water hydrology

Source, occurrence, and movement

A discussion of the general aspects of ground-water hydrology is found in
Part I of the report, under the heading ‘‘Regional hydrology.”’

The source of ground water in the Upper San Pedro basin is chiefly runoff
from precipitation in the mountains and surface flow in the San Pedro River.
Although ground water occurs in all the rocks shown on the geologic map
(pl. 9), practically all of the ground water in the basin is in the alluvial fills,
Domestic and stock wells obtain water from all rock types, but water for
irrigation is obtained only from the older and Recent alluvial fills, Movement
of ground water is toward the center of the valley from the flanks, and from
south to north along the axis.

Recharge

Ground-water recharge to the Recent alluvial fill occurs from: (1) Pre-
cipitation and runoff; (2) surface flow in the river; (3) underflow; (4) seepage
from irrigated areas; and (5) movement of ground water from older fill to
Recent fill,

Precipitation and runoff.--Recharge from direct infiltration from pre-
cipitation on the valley floor is believed to be negligible, Most recharge is
believed to occur from infiltration of runoff along the mountain fronts and in
the central drainage channel of the valley. Only recharge from runoff along
the mountain fronts is considered in this section; recharge from surface flow
in the central drainage channel is considered separately.

In the Upper San Pedro basin, the mountain areas contain about 500 square
miles of the total area of about 1,850 square miles. Mean annual precipita-
tion in the Upper San Pedro basin ranges from about 11 inches at Benson to
about 26 inches in the Huachuca Mountains, Estimates of recharge from
runoff in the mountain areas are made separately for the Charleston and
Benson sub-basins because conditions in the two sub-basins relating to this
runoff are somewhat different. '

The Charleston sub-basin is the smaller of the two and has a higher ratio
of mountain area and a higher average rainfall in the mountains, About 185
square miles of mountain area in the Charleston sub-basin receive an esti-
mated average annual rainfall of about 18 inches, or about 175,000 acre-feet of
precipitation annually. Runoff from precipitation in the mountain areas is
estimated to be between 8 and 15 percent of the precipitation in the mountain
areas. (Part I, this report). Using these percentages, the runoff at the
mountain fronts in the Charleston sub-basin is estimated to be from 14,000
to 25,000 acre-feet per year. As much as 50 percent of the runoff at the
mountain front is recharged to the alluvium in other places in the State,

1070 17 da. .
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Assuming the figure of 50 percent is applicable in the Charleston sub-basin,
recharge from runoff originating in the mountains is estimated to be from
7,000 to 12,000 acre-feet per year., Because of the higher elevation of the
mountains, the greater rainfall, and the greater length of time snow stays on
the ground in the Charleston sub-basin, it is possible that the higher figure
may more nearly approach the annual recharge,

In the Benson sub-basin, the mountain area of about 300 square miles re-
ceives and average annual rainfall of about 16 inches, making a total preci-
pitation of about 250,000 acre~-feet per year., Using the same assumptions
that were applied to the Charleston sub-basin, recharge from precipitation in
the Benson sub-basin is estimated to be in the order of 12,000 acre-feet per
year, . da

Total recharge along the mountain fronts in the Upper San Pedro basin thus
is estimated to be from 20,000 to 25,000 acre-feet per year.

Surface flow in the river --The quantity of recharge to the Recent alluvial
fill from surface flow of the San Pedro River in the basin could not be deter-
mined on the basis of available data, The data indicate the river gains in flow
through the basin, It is possible that this gain is represented in part by efflu-
ent seepage from the Recent alluvium, However, if runoff originating within
the basin were greater than the indicated gain, the river could recharge the
ground-water reservoir,

The gaging station nearest the International Boundary is at Palominas, 43
miles north of the boundary. For the present report the discharge of the
San Pedro River at Palominas is assumed to represent surface flow into the
Upper San Pedro basin, The 10-year period 1932-41 was chosen to conform
with comparable data for the lower basin, During this period the average flow
at Palominas was about 26,000 acre-feet per year (Water-Supply Papers 879, skl
p. 233; 899, p. 248; 929, p, 267; and 1049, p. 336). At the gaging station at 26240
Charleston, the annual flow during the same period averaged about 45,000 acre-
feet per year. The flow out of the basin, at The Narrows, was computed to
average about 45,000 acre-feet per year during the same 10-year period, plus
or minus an error of about 20 percent., This computation was based on data
from existing gaging stations, none of which is at The Narrows,

Thus, insofar as the data are accurate, an estimated average net gain in sur-
face flow of about 20,000 acre-feet per year occurred within the San Pedro
basin during the 10-year period 1932-41. The data from the station at Charlestos
indicate that, on the basis of average flow, all of the gain occurred between
Palominas and Charleston, The data also indicate that no average net gain
occurred between Charleston and The Narrows, although in some years there
were net gains or losses inthe reach, 27.tda

Underflow,--Underflow moves into the ground-water reservoir of the Upper
San Pedro basin at the International Border., There, the saturated cross sec-
tion of the Recent alluvium in the channel of the San Pedro River is about half
a mile wide and 100 feet deep, Average coefficients of permeability for channel
fill in the Safford basin range from 1,000 to 5,000 (Turner and others, 1941,

p. 45). As the channel materials are similar, it is assumed that these
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permeability coefficients are applicable to the Upper San Pedro basin. The
gradient of the water table is about 13 feet per mile, On the basis of these
figures, underflow through the channel is calculated to be between 700 and
3,000 acre-feet per year. An intermediate figure, 2,000 acre-feet per year, 208
is adopted as the best estimate possible at present., At Charleston the chan-
nel fill is probably less than 50 feet deep and the underflow is considered
neglibible,

Underflow may be occurring into the San Pedro basin from the Sonoita
basin, west of the head of the Babocomari River, but no data are available to
confirm this movement,

Seepage from irrigated areas.--In 1952 there was a total of 5,600 acres of
cultivated land in the Upper San Pedro basin; of this total, 4,000 acres was
in the Benson sub-basin, If the data on infiltration rates in Safford basin were
directly applicable to the Upper San Pedro basin, about 25 percent of the wa-
ter applied to the land for irrigation is recharged. It was believed by the
author that this figure should be revised downward for the Upper San Pedro
basin and, therefore, a figure of 15 percent was assumed, About 17,000 acre-
feet of ground water is used each year for irrigation, and recharge from this
source v%%g estimated to be about 2,500 acre-feet annually. Of this total,
about 1:80 acre-feet is considered to have been recharged in the Benson sub-
basin and 7\0\@ acre-feet in the Charleston sub-basin.

Movement from older fill to Recent fill,--According to calculations from
present data, recharge to the Recent alluvial fill as upward seepage from the
older alluvial £fill is in the order of 8,000 acre-feet of water per year,

It is believed that similar ground-water movement from the older fill to
the Recent fill occurs in the Benson sub-basin, but data are not available by
which the quantity can be evaluated.

Discharge

Discharge in the Upper San Pedro basin is discussed under the following
headings: (1) Wells; (2) evapotranspiration; (3) underflow; and (4) springs.

Wells. --Discharge from wells may be divided as follows: (1) Domestic
and stock wells; (2) irrigation wells; (3) industrial wells; and (4) wells used
by municipalities and military installations.

Domestic and stock wells.--Pumpage from domestic and stock wells in
the Upper San Pedro basin is not accurately known, but is estimated to be in
the order of 1,500 acre-feet per year. Of this total, about 1,200 acre-feet
is considered to be withdrawn in the Benson sub-basin, These figures are
derived from an estimate that 1,000 acre-feet is withdrawn for domestic and
stock use per year in the Lower San Pedro basin, where more data are avail-
able, The Upper San Pedro basin is more densely populated than the Lower
San Pedro basin, and has a larger area of range land, Therefore, pumpage
for domestic and stock use in the Upper San Pedro basin is believed to be
greater,
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Irrigation wells--No accurate data regarding annual withdrawals of
ground water for irrigation are available for the Upper San Pedro basin,
There are two irrigated areas: St. David-Pomerene and Palominas-Hereford
(pl. 9). Ground water is withdrawn from both the artesian and the nonartesian
aquifers.

As the crops raised in the Upper San Pedro basin generally are of a type
that use less water than the type of crops raised in other parts of Arizona, the
duty of water is estimated to be 3 acre-feet per acre, The 4,000 acres of land
cultivated in the St, David-Pomerene area in 1952, therefore, used about
12,000 acre-feet, and the 1,600 cultivated acres in the Palominas-Hereford
area used about 5,000 acre-feet,

Incomplete pumpage data from the areas suggest that in the St. David-
Pomerene area about 4,000 acre-feet of the total is withdrawn from the artesian
aquifers and 8,000 acre-feet from the nonartesian aquifers. In the Palominas-
Hereford area about 4,000 acre=feet is estimated to be withdrawn from deeper
aquifers and 1,000 acre-feet from the nonartesian aquifers,

Industrial wells. --Railroads pump about 600 acre=-feet per year from ar-
tesian and shallow wells, Most of this pumpage, about 500 acre-feetyis from
the artesian basin at Benson, No large-scale mining operations were with-
drawing water in the Upper San Pedro basin at the time this report was pre-
pared,

Wells used by municipalities and military installations,.--Benson withdraws
about 250 acre-feet annually from artesian wells for municipal use. The water
used in other communities is not included in this section, Tombstone brings
water by pipe line from springs in the Huachuca Mountains, Pomerene,

St. David, and the other smaller communities are supplied by individual do-
mestic wells,

In 1941, about 2,000 acre-feet was pumped from wells in the older alluvium
at Fort Huachuca. During World War Ii, additional wells were drilled to supply
increased demands. After the war the use of ground water at Fort Huachuca
dropped to below the 1941 level, although for purposes of this report the 1941
consumption data are used,

Yields from wells--Yields from irrigation wells in the Recent alluvium
may be as high as 2,000 gallons per minute, but are commonly between 500 and
1,000 gallons per minute, Yields from wells in the older alluvial fill, including
the artesian areas, are generally smaller than yields from Recent alluvium,
Yields from the older alluvial fill may range up to 400 gallons per minute from
wells located on the flanks of the valley and up to about 1,000 gallons per min-
ute from artesian wells along the axis of the valley, The greater yields from
wells along the axis may appear to contradict the concept that the coarsest ma-
terials are along the margins of the basin, However, this apparent discrepancy
can be explained by considering that wells along the axis generally penetrate a
greater total thickness of aquifer and consequently have a higher specific capa-
city. Furthermore, larger pumps generally are used in the wells along the
axis than in the wells along the margins,
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Within the St, David-Pomerene artesian area, the yields from flowing
wells average about 6 gallons per minute, Original flows of as much as
200 gallons per minute have been reported, but no well in the area is
now reported to flow more than 40 gallons per minute. Many of the flowing
wells are pumped to increase their yield., The small yields may be due in
part to the small diameter of the casing, in many wells as small as 13
inches, Other factors that have resulted in reduced yields include caving
and sanding within the cased or uncased wells,

Artesian flow is seasonal and the greatest flow is during the winter,

Evapotranspiration.--Discharge of ground water by evapotranspiration
is estimated only for the San Pedro River flood plain. The flood plain
has an area of about 21,700 acres; in addition, 3,200 acres is occupied
by the river channel, About 5,600 acres of the flood plain is cultivated
and the remainder, about 16,000 acres, is overgrown by nonbeneficial
vegetation. Of these 16,000 acres, 5,000 acres is in the Charleston sub- y
basin and 11,000 is in the Benson sub-basin,

Data presented in Part I under ‘‘Regional hydrology’’ are used to pre-
pare an estimate of evapotranspiration of ground water in the Upper San
Pedro basin. Annual consumptive use of water by phreatophytes of
100-percent density is estimated to be about 3.5 acre-feet per acre,
of which 1 acre-foot per acre is from rainfall, and 2.5 acre-feet per azre is
from ground water, The density of phreatophytes is estimated to be about
20 percent in the Charleston sub-basin and about 40 percent in the Benson
sub-basin, Corrected to 100-percent density, the phreatophyte area in
the Charleston sub-basin is about 1,000 acres and in the Benson sub-
basin about 4,400 acres. The annual consumption of ground water by
evapotranspiration in the Charleston sub-basin is therefore estimated 5 34
to be about 2,500 acre-feet, and in the Benson sub-basin, about 11,000 ®:
acre-feet, Evaporation from the river surface and wetted sand bars was
estimated to average about 0.5 acre-foot per acre, or about 1,500-acre- z-\
feet per year. The total is, therefore, about 15,000 acre-feet per year,

Underflow.--Underflow out of the Upper San Pedro basin at The Narrows
is estimated to be between 40 and 200 acre-feet per year. The derivation
of this quantity is given in the next section, on the Lower San Pedro
basin,

The possibility of ground-water movement westward from the Upper
San Pedro basin to the Upper Santa Cruz basin through the alluvial saddle
between the Rincon and Whetstone Mountains is considered to be remote,
Outcrops of crystalline rocks and pre-Tertiary sedimentary rocks across
the saddle immediately west of the drainage divide suggest that a bedrock
barrier exists,

Springs.--Incomplete data regarding springs indicates a total discharge 4
of about 3,000 acre-feet per year, About 2,000 acre-feet of this discharge **
is estimated to occur in the Charleston sub-basin and 1,000 acre-feet in Wh

the Benson sub-basin. The total ground-water discharge from springs
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in the Charleston sub-basin includes about 200 acre-feet per year piped to
Tombstone and about 400 acre-feet per year piped to Fort Hudchuca.

Storage

The terms‘‘latent storage’ and ‘‘underlying storage’’ are explained
in Part I of this report under ‘‘Regional hydrology.”’ The concept of
underlying storage is not applied to the Upper San Pedro basin because
the water withdrawn from the Recent alluvial fill for irrigation purposes
is not, strictly speaking, withdrawn from storage; it is withdrawn from a
supply that currently is completely replenished each year by recharge,

A marked contrast exists between the Upper San Pedro basin and, for
example, the Salt River Valley area and the Lower Santa Cruz area, where
the concept of underlying storage applies., In those basins, the withdrawal
of ground water is from alluvium beneath a large area, and the quantity
in storage is high in proportion to the amount of recharge. Progressive
declines in the water table in such basins indicate that ground water is
being removed from storage. In contrast, in the Upper San Pedro basin,
cultivated areas are relatively small and withdrawals are not high in
proportion to the amount of recharge, There is generally enough recharge
from surface flow to replace completely the amount of water withdrawn.
So far, no persistent annual declines in the water table have been discovered.

A second complication in the application of underlying storage to the
Upper San Pedro basin is that the water for irrigation is obtained from
two distinct sources; nonartesian aquifers in the Recent alluvium, and
artesian aquifers in the older alluvium. Artesian aquifers occur both
within the upper 300 feet of the zone of saturation, and below.

The third complication in applying the concept of underlying storage
to this basin is the fact that cultivated lands in the basin are widely separated
and cannot readily be grouped into a unified area. Most of the cultivated
land is in small discontinuous areas along the flood plain of the San Pedro
River. In addition, a few scattered areas are farmed in the Palominas-
Hereford area above the flood plain, and along some of the larger tribu-
taries, such as the Babocomari River, In consideration of these difficulties,
no estimate for underlying storage is made in this section,

Storage of ground water in the Upper San Pedro basin is discussed as
latent storage, as outlined in Part I, ““‘Regional hydrology,’’ except that
separate estimates are made for the older alluvium and for the Recent
alluvial fill along the main channel of the San Pedro River. Estimates
of storage in pre-Tertiary and crystalline rocks could not be made,
Partial data are available for total quantities withdrawn in one area over
a period of several years,

Latent storage in older alluvium.--The alluvium occupies about 860,000
acres, of which 25,000 acres is Recent alluvium, and the balance is older
alluvium covered by a thin veneer of reworked material, It is assumed
that in this area of older alluvium there are at least 300 feet of saturated
sediments below the 1952 water table, The latent storage is computed
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only for this 300-foot section of saturated sediments. The older alluvium
contains much silt, clay and cemented material, and therefore it is
believed that the coefficient of drainage is much less than in many basins
in southern Arizona, possibly as low as 2 percent, Some artesian aquifers
occur within this 300-foot section, and the water stored in them is included
in the computation for latent storage. The latent storage in this 300-foot
section of older alluvial fill is estimated to be about 5,000,000 acre-feet,
If the coefficient of drainage were as much as 6 percent, the quantity
would be about 15,000,000 acre-feet,

Latent storage in Recent alluvium.--About 25,000 acres is underlain by
the Recent alluvial fill along the San Pedro River. The saturated thickness
of the Recent fill along the river is estimated to average about 40 feet, on
the basis of well logs. The coefficient of drainage is estimated at 15 per-
cent, on the basis of data given in table 3, Latent storage in Recent alluvium
along tributary washes is small and has been included in the calculations
of storage in older alluvium, The amount of ground water in latent storage
in Recent alluvium along the San Pedro River is estimated to be about
150,000 acre-feet,

Storage within pre-Tertiary sedimentary rocks.--It has been reliably
reported that 12 billion gallons was pumped out of the Tombstone mines
during the period 1903-11, the time of greatest pumping. Average pumping
was at a rate of about 3,000 gallons per minute, or 4,500 acre-feet per year.
It is also reported that it required from 5 to 7 years for the withdrawn
water to be replaced by recharge,

Water-level fluctuations

Water-level measurements have been made in only a few wells in the
basin for periods long enough to show trends. An expanded program of
well measurements was begun in 1950, but does not yet provide data ade-
quate for a full discussion of fluctuations, Hydrographs of wells that have
been measured for extended periods are shown on figure 9, These graphs
and other well information provide the basis for a few generalities:

(1) In most parts of the basin, fluctuations are seasonal and no persistent
decline in the water table has been detected; (2) in the St., David-Pomerene
area, recharge to the artesian aquifers may be slightly less than with-
drawals; (3) recharge to aquifers in the Recent alluvium, especially in
areas near the mountain fronts, follows very closely upon flood runoff;

and (4) records are not complete enough to show the effect of recently
increased pumping upon the water table in the Recent alluvium under the
flood plain of the San Pedro River,

Hydrographs of wells (fig, 9) illustrate the tendency for water levels in
wells in the basin to recover, after temporary declines, to about the level
prevailing when measurements were begun, Rapid recharge of aquifers in
Recent alluvium is shown by hydrographs of wells (D-23-21)6cc, (D-21-21)11aa,
and (D-20-20)32cd. The latter well, located adjacent to the Babocomari
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River, is especially significant in that slight rises in water levels are
indicated in 1951-52 in spite of the fact that during that period two small
irrigation wells were in use nearby. The cones of depression caused by
pumping from those irrigation wells either did not extend far enough to
influence the water level in well (D-20-20)32cd, or the effect was more than
compensated for by natural recharge.

The hydrograph of well (D-16-20)34acd2 shows a drop in water level
during 1951-52 that may reflect either conditions of low runoff in the
San Pedro River, or increased withdrawal from Recent alluvium of the
flood plain near Pomerene, or both,

Declines in pressure head in artesian wells near St, David and Pomerene
are illustrated by hydrographs of wells (D-18-21)34d and (D-17-21)32bad.

(D-17-20)10ccc is a recorder observation well located in Benson at an
elevation of about 3,610 feet and about 110 feet above the level of the San
Pedro River. The artesian water level stands at an average of 10 feet
below the surface, When the well was drilled in 1908, it flowed 20 gallons
per minute, The erratic fluctuations may be due to heavy local use of
artesian water, to possible recharge from local sources, or to other
causes not determined,

Well interference.--There are no quantitative data in the Upper San
Pedro basin on well interference, However, decrease or cessation of
flow is reported in many artesian wells at times when heavy withdrawals
are made from nearby artesian wells,

Quality of water

About 100 analyses of surface and ground waters are available for
the Upper San Pedro basin. Most of the analyses were made in 1921
and 1934, and it is not known to what extent these old analyses may
represent present conditions., A few were made between 1941 and 1951,
particularly from the Fort Huachuca area during World War II, Analyses
characteristic of waters in the Upper San Pedro basin are given in table 14,

Most of the waters of the basin contain moderate amounts of dissolved
mineral matter, ranging in concentration from 200 to 400 parts per million
and composed mostly of calcium, sodium, and bicarbonate, The extremes
in dissolved solids are 71 and 3,680 parts per million.

The ground water in the Upper San Pedro basin is generally satisfactory
for most purposes except that some waters have a high sulfate content,
Waters containing large amounts of sulfate generally are hard. The fluo-
ride content in some artesian waters and in some spring waters from
faulted crystalline and older sedimentary rocks is higher than the limit
of 1.5 parts per million for domestic use.

No appreciable changes were detected in quality of waters from wells
sampled in 1921 and in 1934, No samples have been collected since that
time from wells previously sampled.
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Quality of nonartesian water

Nonartesian waters are obtained from three sources: (1) Rocks of the
mountains; (2) older alluvial fill; and (3) Recent alluvium,

Waters from crystalline and pre-Tertiary sedimentary rocks (table 14),
are comparatively low in total mineral content, except where the waters,
(D-17-23)18a, and (D-15-21)18dcb, issue from fractured zones which may be
associated with faulting, Water from limestone, (D-22-20)31a, contains mostly
calcium and bicarbonate,

Many nonartesian waters from the older alluvial fill are only moderately
mineralized, the total dissolved-solids concentrations ranging from 150 to 350
parts per million, However, some of these waters, such as that from well
(D-16-20)7c, contain large amounts of calcium and sulfate, Water in the Re-
cent alluvial fill is of good quality and generally contains less than 300 parts
per million of dissclved solids.

Quality of artesian water

The quality of water obtained from artesian aquifers in the basin is varied,
Waters in the Palominas-Hereford area, (D-23-22)15b, and in the St, David vi-
cinity, (D-17-21)31da2, are similar, except that the fluoride content is higher
and the waters are softer near St, David., The total mineral content in samples
from artesian sources in these two areas ranges from about 150 to 250 parts
per million, In the vicinity of Benson and Pomerene, the quality of water from
aquifers at depths .less than 600 feet differs from that observed for water at
greater depths, The water from aquifers above 600 feet have mineral contents
of about 3,000 parts per million, principally calcium and sodium sulfates, These
aquifers appear to be limited in yield as the water becomes rapidly diluted when
mixed with water from below 600 feet when the well casing is perfcrated at both
horizons. This dilution is illustrated by analyses (D-17-20)9cbe, (2), (3), (4), (5)
which represent samples taken at progressively greater depths during the drill-
ing of the well, Analyses (D-16-20)34dab, (1), (2) show a decrease from a dis-
solved-solids concentration of 3,620 to 251 parts per million when the well had
been in use over a period of a few months and after pumping had flushed away
the waters of higher concentration,

The high-sulfate and low=-bicarbonate waters from the upper artesian aquifers
are similar in composition to water from the spring, (D-16-20)7c, which issues
from gypsiferous silt and clay. The deeper artesian aquifers, which contain the
low-sulfate and high-bicarbonate waters, are composed of arkosic gravels,
Some of the waters from the deeper artesian aquifers of the older alluvial fill
are similar in composition to some waters from the upper margin of the older
alluvial fill,

Ground-water--surface-water interrelations

The data on surface flow in the river unavoidably were based on the 10-year
period 1932-41, These data are considered to be applicable currently in their
relation to the hydrology of the basin, because comparatively little development
of the ground-water supplies has occurred since 1941,
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At the present time the Upper San Pedro basin is considered to be essen-
tially in hydrologic balance, More water enters the basin than is used with-
in it andthe remainder leaves as surface flow, The close interrelationship
between surface water and ground water in the basin is shown by the rapid
recharge of aquifers in the Recent alluvium. Increased consumptive use of
ground water would tend to decrease the total amount of surface flow to the
Lower San Pedro basin, In those reaches where the San Pedro River has
perennial flow, it appears probable that the ground water in the Recent al-
luvium will not be depleted unless withdrawals are increased to the point
where the river ceases to flow,

Problems
opecial problems and additional studies

A detailed understanding of hydrologic conditions and problems in the Upper
San Pedro basin would require extensive geologic study and the collection of
many basic hydrologic data. These studies would have to include areal geo=
logic mapping, additional rainfall and runoff data, water-level measurements,
determination of elevations at measuring points, water analyses, pumping
tests, and related observations.

There are large areas for which there is little or no hydrologic informa-
tion. One of the most important of these is the area near Tombstone; anoth-
er is near Naco. There are insufficient data to determine the amount of
possible underground movement from the Sonoita basin into the Upper San
Pedro basin. ,

The constricted opening at The Narrows through which surface flow leaves
the Upper San Pedro basin provides an opportunity to determine accurately
those hydrologic conditions in both the Upper and Lower San Pedro basins
that are related to surface flow and underground flow between the two basins.

In the artesian areas, the number of water-bearing beds, and their physi-
cal properties, occurrence, and areas of recharge should be carefully studied.
From the information it should be possible to determine the amount of ground
water that can be withdrawn annually.

One continuous recorder is in operation in Benson and the relation of water-
level fluctuations in this well to precipitation and runoff should be determined,
Marked differences in chemical quality of water in the upper and lower artesiar
aquifers have been determined, On the other hand, the quality of waters from
the deeper artesian aquifers is remarkably similar to the average quality of
nonartesian water from the older alluvial fill, These facts suggest two possi-
bilities: (1) that recharge to both upper and lower artesian aquifers may
take place in the same area, and differences in chemical quality have resulted
by movement of the water through materials of different composition; or (2)
that recharge to the two aquifers may be in separate areas, Investigation of
this problem might make it possible to practice artificial recharge of the
shallower aquifers in local areas,
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Methods of increasing or conserving ground-water supplies

The possibility of a dam at Charleston for the purposes of flood control
and storage of water for municipal use has been discussed by several
agencies, Recharge in the Benson sub-basin and the Lower San Pedro
basin is dependent in part on surface flow of the San Pedro River, Any de-
pletion or regulation of this flow would result in changes in the hydrologic
balance downstream. The suitakility of the project must be evaluated in
terms of the probable effect of t hese changes.

There is some waste of ground water in the St, David-Pomerene area
through uncontrolled flow from artesian wells, New wells should be properly
cased and equipped so as to control flow, It is questionable whether control
of the old wells could be effective because of leakage at depth.

Locally, artificial recharge could be effected in the gravel-floored washes
along the mountain frent by retarding runoff, The possibility of artificial
recharge to artesian aquifers in the Benson area has been mentioned,

Summary

The Upper San Pedro basin is bounded by drainage divides in the moun-
tains on the east and west, by the International Border on the south, and by a
hard-rock barrier at The Narrows on the north, It is drained by the north-
flowing San Pedro River which continues past The Narrows into the Lower
San Pedro basin, The Upper San Pedro basin is about 58 miles long and has
an area of about 1,850 square miles; about 1,350 square miles is underlain
by alluvial fill and about 500 square miles by bedrock. The area has been
subdivided into the Charleston and Benson sub-basins in the vicinity of
Charlestonyalong a line that separates tributary drainage areas, and where
bedrock is near the surface,

The valley of the Upper San Pedro basin is a structural trough partly filled
with alluvial material of at least two different periods of deposition, The old-
er alluvial fill has been incised by stream channels which have been partly
refilled with Recent alluvium, The flood-plain thus formed averages about
half a mile in width along the San Pedro River. A total of 5,600 acres on this
flood plain was cultivated in 1952,

The average flow of the San Pedro River into the Charleston sub-basin
at Palominas is about 26,000 acre-feet per year, Surface flow out of the sub-
basin at Charleston is about 45,000 acre-feet per year, This increase indi-
cates that the total gain of water to the river from all sources in the sub-basin
exceeds the total amount used by about 20,000 acre-feet per year,

Surface flow out of the Benson sub-basin at The Narrows is about 45,000
acre-feet per year. The lack of net loss of surface flow in the Benson sub-
basin indicates that recharge and runoff are essentially in equilibrium with
all discharge, except surface flow, from the sub-basin,

Ground water in the Upper San Pedro basin is obtained from both the
Recent and older alluvial fills, Along the axis of the valley, water in the older
alluvium is under sufficient hydraulic head to flow or to rise to within a few
feet of the land surface, Two artesian areas are designated; St, David-
Pomerene, and Palominas-Hereford.



‘...‘.'O0.0...C.O...O’.O“O.C..C.,

85

Recharge in the area occurs predominantly from runoff, Minor sources
of recharge are underflow and seepage from irrigated fields. Discharge
of ground water is predominantly by non-beneficial evapotranspiration. The
second largest use of ground water is for irrigation, and small amounts are
discharged by pumping for other purposes and by underflow out of the basin,

Latent storage in the Recent alluvial fill is estimated to be 150,000 acre-
feet, Latent storage in the upper saturated 300 feet of the older alluvium is
estimated to be about 5,000,000 acre-feet, In most parts of the basin, fluctua-
tions of the water table are seasonal, and no persistent decline can be detected
except in the St, David-Pomerene artesian area, where slight declines have
occurred, Data are not available to evaluate the effect of increased pumping
from the Recent alluvium during the past two years.

Ground waters in the Upper San Pedro basin are generally of good quality;

. dissolved solids average from 200 to 400 parts per million. A few waters

are high in sulfate and sodium and mdny waters are relatively high in calcium
and bicarbonate, Locally, the fluoride content is more than 1.5 parts per
million, which makes the water unsatisfactory for drinking by children.

Geologic and hydrologic data for the Upper San Pedro basin are incomplete.
Special problems include: (1) The relation of precipitation to runoff and re-
charge; (2) the relation of perennial and intermittent flow of the San Pedro
River to recharge; (3) the possibility of artificial recharge to artesian aquif-
ers; and (4) the control of waste and leakage from artesian aquifers,
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Table 12.——Records of representative wells and springs in Upper San Pedro basin, Cochise County, Ariz.

! [ Water level
Depth below Date of
well or Depth of land-surface | measure—| Type of | Use of | Analysis| Log on Remarks
spring no.|well (feet) datum(féet)g/ ment liftE/ watepg/ on file file
(D-15-19)
Zlc g/ - - - - X - Spring; aquifer, schist.
(D-15-21)
18dch 100 a/ 98 y J,G S X - Discharge, 2 gpm, 7-51l.
(D-16-19)
2l el g/ == = - 155 s L X - Spring; aquifer, sandstonc within clay
= beds. Discharge, 1 gpm estimated.
17ab 75 69.27 | 5-h1 J,W S X = Dug well, W xW'. Discharge,ligpm, 5-5l.
(D-16-20)
" bdcc : 7G0 FPlows 10-50 = N = = Discharge, trickle.
7bdb 78 d/ 50 10-50 T,D b | X - Discharge, 600 gpm.
Tc g/ Rk - = D,S X Spring; aquifer, clay beds. Discharge
% %+ gpm estimated.
27b 590 - - = " 2 X &
3hacdl 117 d/ 87 - T,G i = % -
3hacd2 98 T g2.81 | k-m2 C,W D = = See hydrograph, Fig. 9.
34dab 1000 » - - P X(2)e/ & -
34dba | 750 d/ 16 1934 T,E;C,1 P - X -
(D-16-22)
15ac §/ = ~— - S X - Spring; aquifer, granite. Discharge,
1l gpm estimated.
(D-16-23)
19cb 565 a/400 2-50 - RR - X -
(D-17-19)
17ab [ 1550 - - - S - X 0il test.
(D-17-20) /
9adc 1600 - e 3 T=k6 T,BandG P - i Flow, 35 gpm; pump, 450 gpm, 7-lL6.
9cbe 1088 d/ kg 10-46 = D xX(5) e/ % -
9dd 1505 g/ 165 1921 - - 54, = Lake beds; main water from 902-938 and
13371571,
E/ Depth was adjusted to land-surface datum from mecasuring point. d/ Reported water level.

b/ J, jack; T, turbine; D, dieselj; E, electric; G, gas; W, windmill, E/ Number of depths from which water analyses are on
E/ Dy sdonestics 1, irrigation: Ind.. industrials N, not used; B,
S,

public supply; RR, railroad;

stock,

Tiles

E/ Pressure level above land surface, é/ Spring.




Table 12.——Records of representative wells and springs in Upper San Pedro basin——continued.

Water level
Depth below | Date of
well or Depth of land-surface | measure~| Type of |Use of | Analysis|Log on Remarks
spring no. |well (feet) datum(feet)g/ ment lift}/ watepg/ on file file
(D-17-20) :
" 10cac 1068 £/ 5 1946 T,B P X = Flow, 35 gpm.
10ccc 700 15.55 | 6-Ug - - = = See hydrograph, Fig. 9.
10dd 707 - - - - - X -
_ 18da 627 4/520 1951 g, RR % X Discharge, 400 gpm, 1951.
(D=17-21)
15c 1000 325 1946 Airlift,I] RR - X Discharge, 100 gpm, 1946.
31lda’ 380 Flows 1934 - D,S,I X X Discharge, 2 gpm, 2-3k4.
32bad 520 18.34 | o-l4 J,W Ti,8 - - See hydrograph, Fig. 9.
32dcd 1012 Flows 10-48 B P,I - X Flow, 11 gpm; pump, 350 gpm, 10-Ug.
32dd 200 5.29 | 2=47 J,Eandw D X - Discharge, 9 gpm, 9-L4,
(D-17-23)
18a g/ = - - D,s,I X - Spring, aquifer limestone. Discharge,
i 3 gpm estimated.
(D-18-21) ‘
aab 60 3174 | 5-52 J,W I - - See hydrograph, Fig. 9.
Taa 760 4/ 16 1942 T,E Ind. - X -
28¢c 470 Flows - - I - X Discharge, 8 gpm, 6-47.
28db5 105 a/ 710 7-46 = I = X -
33ch 625 Flows U7 - - - ¥ -
3hd 560 25.62 | 5-52 - N ~ - See hydrograph, Fig. 9.
(D-20-20)
32cd 125 91.07 F-h2 - N - - See hydrography, Fig. 9.
(D—-20-21)
3cd 623 da/ 37 1909 - RR - Z -
15a - 4/ 12 1934 J,W D X - Dug well,
(D-21-18)
& 1115 - - - - - X 0il test.
ys 774 a/ 29 11-51 - I - X -
(D-21-20)
29-1 802 5 & s - % = g
29-2 800 Uy, 21 | 5-K2 T,B P = — See hydrograph, Fig 9.
33ab 912 460 142 = - - X Test well.
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Table 1l2.——Reccrds of representative wells and

springs in Upper San Pedro basin--continued.

|

Water level

Depth below | Date of
Woll or Depth of land-surface | measure-| Type of| Use of |Analysis|Log on Remarks
spring no. |well (feet) |datum(feet)a/| ment 1iftb/| waterc/| on file| file
(D-21-21)
Sl TEs %6 27.14 | m5-m2 J, W D - ~ See hydrograph, Fig. 9; dug well, Lg™"
diameter.
{D=2i~22)
204 g/ - - - S i - Spring; aquifer, Recent fill. Discharge
i 100 grm estimated.
(D-21-23)
~ 29bdb 973 d/u4co 12-49 - D8 - o Water rose from 955'.
(D-22-20)
3la §J - - - iz X - Spring; aquif er, limestone faulted
againgt quartzite. Discharge 100 gpm
estimated.
(D-23-21) |
" bece 70 9.41 Hh—h2 J,W S - = See hydrograph, Fig. 9.
(D-23%-22)
3a 1l d/110 1934 - - X o Dug well, 3 ft. diameter.
10acc 38 d/ 23 8-51 - i —~ i -
15b 350 d/ 10 1934 = I % - -
(D-24-21)
11 1015 4/180 10-48 - - - X -
(D-24-2L)
18 200 d/121 = - - = X &




Table 13.-—-Logs of representative wells in Upper San Pedro basin, Cochise County,

Arizse '
[Thickness| Depth Thickness |Depth
(feet) | (feet) (feet) |(feet)
(D-16-20)27b (D-16--20)34dba
S0il — = — — = — — — — 27 27 Soil — = = = = = = = —~ +4 20 20
Red clay — — — — — i~ — 403 430 Gravel — - — — — —~ — — 70 90
Packed sand and clay — - 70 500 Sand and sandstone — — - 60 150
Clay and gravel strata — 80 580 Pink Clay @ = = evle= e 300 450
Very hard, streaks of Gravel (artesian water
caliche — — — — — — A 9 589 rises within 16 ft.
"Thite sand pumped out 3 590 of the surface — -~ — - 300 750
TOTAL DEPTH 590 TOTAL DEPTH 750
First water at 430°'.
Rose to 21' and later
to 5. (D-16-23)19cb
Caliche — —~ — = — —~ — o 100 100
Cemented gravel -— — — - 185 285
(D-16-20)34acdl Sticky elay = = = = =} 115 L0oo
Top s0il — = = = = = — = 5 5 Cemented gravel — — — - 10 410
SEndy QOTL e = = = B o 55 60 Bravedl = =t — S i 2 412
Sand, a little water — - 30 90 Cemented gravel - — — A 48 L60
Sand, gravel and more Sand streak, some
water — — — — — e = 25 115 water = — = = = = = - 1 461
Red clay — — = = — = — — 2 117 Cemented gravel — -~ — - 104 565
TOTAL DEPTH 117 | |TOTAL DEPTH 565
Water at 410 rose 10!
to stand at 400'. The
(D-16--20)34dab water at 460' dia not
Soil, dark -+ — — — — — = 5 3 materially change
Sand, gravel, yellow — — 92 95 water level.
Clay, red — — — — — — — 2 97
Sand, gravel — — — — — . L 101
Clay, red — — — — — — LL9 550 (D-17-19)17ab
Sand, gray — — - — — — - 10 560 Surface soil — — — — - - 20 20
Clay, sandy, red — — — - 16 576 Lime and gravel - — — - 40 60
Sand, grey — — — — — — - 5 581 Red bed - — - = = — = - 18 78
Clay, sandy, red — — — - 26 607 Clay and gravel -— — — - L2 120
Sand, rock and clay, red 1 620 Gray lime «— = — — = — o 20 140
Rock, Sray =S—— & — L5 665 Sandy white lime — — — - 10 150
Clay, red — — — — — — 3 668 | |Red bed — — — = — = — - 75 225
Rogk, gray = = = = = = = 22 650 TiME = ox o o2 on = om e = o 10 235
Rock, sandy, gray - — 29 719 Red bed = = = = = = = o 10 245
Clay rock, light — — — - 21 740 Hard conglomerate - — - 10 255
Rock, light -~ - —— 60 800 Red bed -~ —~ — — — — — - 50 305
Rock, light ~ - — — — + 178 978 Blue lime - — — — — — 3 308
Rock and clay, light -- 15 993 Red bed - — —« = — — — - 7 315
Rock, light -~ — —- — — - 7 1000 Lime and shells — — — - 7 322
TOTAL DEPTH 1000 Gray lime, water test
3 bbls. per hour - -- - 13 395
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Table 13.—-Logs of

representative wells in Upver San Pedro basin—-e¢ontinued

Thickness|Depth Thickness|Depth
" (feet) |(feet) (feet) |(feet)
(D-17-20)18da Clay = = = = = = = = = 15 350
Gravel — — — = — — —~ — 159 159 Red broken sand and
Clay and gravel — — — — 207 366 shale - - - - - —~ - = 30 380
BUEY 2v e i = e e e e = 75 441 Yellow shale and
Clay and gravel — — — - 75 516 broken rock ~ — — = 100 480
Sand and gravel - —~ - — 9 525 Lime shells and broken
Gravell = = = Fre s s 5 20 545 yellow shale -~ — — - 145 625
Sand and gravel — — — - 15 560 Gray sandstone — 5 gal,
SamdR . e e & — 8 568 Water: s« = & v o e o 35 660
Sand and gravel — — — — 12 580 Broken sandstone —
Gravel — — = — = — — — 20 600 " more water - —~ — — o 15 675
Sand and gravel — — — — 27 627 Red clay — — — = — — 7 682
TOTAL DEPTH 627 Red sand - — —~ — — — — 33 715
Red elay = v = = = o= = 125 840
Red sand shale ~ little
(D-17-21)15¢ water — — — — = — — - 20 860
SN oo My ey ST 41 41 Light red clay - - — - 55 915
Glay + = = & &5 = = o 21 62 Red-clay .= = = s — = 97 1012
Sand — ~ — —~ — — — —~ — 9 71 TOTAL DEPTH $OL2
Clay — — — = —= = — = — 15k 82 From To
Cemented gravel and Surface water 106 180
boulders - — — — — — 98 180 First artesian 211 330
Sandstone — — — — — — - 5 185 Second artesian 350 388
Cemented gravel and Increase in water
boulders = = — — ~ = 165 350 all along 388 840
Water gravel — — — — — 22 372
Cemented gravel and
boulders - — — - — - 608 980 (D-18-21)7aa
Yellow clay — — — — — — 20 1000 Surface soil (adobe
TOTAL DEPTH 1000 and rocks) - — — — = 32 32
Adobe, with veins of
Eypsum — — — = — .= = 168 200
(D-17-21)31da2 Hard, red clay - — — — L7 247
Soil, gravel - = — — — 28 28 Soft, red clay ~ — = = 20 267
Quick sand, water — — - 27 55 Sandstone — — — — — —~ - 3 270
CRET | I e o o o o el e o 298 353 Hard, red clay — — — — 55 325
Sand, gravel - — — — — 27 380 Water gravel, (first
TOTAL DEPTH 380 water strata) — - — — 3 328
Hard, red clay - - — - 22 350
Red clay, slightly
(D-17-21)32dcd SENAY = v wo o e o 50 L0oo
Red soil — — — — — — — 10 10 Sandy, red clay, some
Red and gray sand -~ — - 15 25 gravel — — —« — — — = 50 450
Blue clay — - - — — — — 79 104 Rocks, gravel and sand
Water sand and clay — - 76 180 cemented together .
Red clay - — - — — — — 31 211 with red clay — — —~ -~ 100 550
Sand, gravel, water - -- 19 230 Gravel and sand, second
Red sandy clay -- broken 11 241 water strata - - — -- 30 580
Bed elay = - = = — =~ =~ 9 320 Rocks, gravel and sand,
Sandy red clay - — — — 15 295 cemented together
with red clay -- — — — 70 650



Table 13.——Logs of representative wells in Upper San Pedro basin——continued

Thickness |Depth Thickness|Depth
(feet) |(feet) (feet) |(feet)
Gravel imbedded in Billagrd LR e T 6 276
gandy,l red clay = = — 6 656 Clay and gravel - - -- o 40 316
Sand and small gravel SAnAY Clay s — v it Ll 360
cemented with hard Clay and gravel — — — - 114 L7l
Sandy Chay. = = e i 28 684 Cemented gravel — — — o 41 515
Sand and small gravel Boulders and gravel - - 3115 530
cemented with clay - 7 691 Sand and gravel — = — 14 544
Sandstone and cemented Cemented gravel — — — - iz K2, 563
quick sand, with layers Gravel and clay - — — 10 573
e Chidlag el o el 69 760 Cemented gravel — — — - 39 612
TOTAL DEPTH 760 Cemented rock — — — — o 5 617
Solid granite — — 1= —- 6 623
TOTAL DEPTH 623
(D-18-21)28¢c
Sandy clay - - — — = 150 150 :
CEmemt L3 e Ll o 151 | (D-21-18)6¢c
Guilicls s amdii - = =S 10 160, N e Redd opave s o8 = st s 60 60
Cement, clay, sand - - 140 301 Redarornye |CRaie s g el L2 102
Glar . ~FEAREy L i 50 351 Limegtone — — = — « — o L6 148
Gravell, water — —d—ars - 5 356 Conglomerate — — — — - 66 214
Alternating sand and Conglomerate — very hard 122 336
eyl e 110 466 Layers sandy shale and
Gement — =i i il L67 herd gheil 111 SSZNEEs 75 411
Gravel, water main flow 3 L0 Varying sand conglomer-
TOTAL DEPTH L0 ate with' shale' = - = - 189 600
3R EAMOON e T SR 5 605
: Harder mixture of shale
(D-18--21)28db and sand = e 35 640
Red sand and gravel — — 70 70 Sticky red elay ' —i- 5 645
Water sand and gravel - 32 102 Red ‘shalle = s I ST 35 680
Red Sell apii et & R 3 105 Hard gray sandstone — 50 730
TOTAL DEPTH 105 RoGaahale = re e 15 L5
Gray sandstone - —~ — - 55 800
Red ‘shale —i— = — = = = 20 820
(D—-18-21)33¢ch Hard gray sandstone — - 60 880
So0il, some sandy streaks 100 100 Red shale — — = — =i~ o 15 895
Clay — — — — = — — = - 400 50 Sandstone and shale — - 15 910
Water strata, some Hard gray sandstone - - 20 930
streaks of hard pan - 125 625 Red clay and shale - - 30 960
TOTAL DEPTH 625 Red ghalle = — -t me 10 970
Gray sandstone — some
lime - = = —~ = — 40 1010
(D-20-21)3cd SEndatone — 5w el 10 1020
Clay — — = — = — = —~ —~ 6 6 Gray sandstone - — — - 20 1040
GRETOL o= e e 10 16 Red shele — « '+~ = = = = 10 1050
Clay — — = — = — = ~ 89 105 Hard gray sandstone - - 50 1100
Hardoelaytoiiin s 193 218 Shale —~ very muddy
Clay and gravel — — — — B2 250 drililing — —~ = = S 15 gLatalls
Gravel and water - ~— ~ 12 262 TOTAL DEPTH 1115
Sand and gravel — - — - 8 270




Table 13.--Logs of

representative wells in Upper San Pedro basin——continued.

Thickness Depth[" Thickness [Depth
. (feet) |(feet; (feet) |(feet)
(D=21=18)7 Fissure in limestone
Silt v+ - o = - - - 20 20 (water) — — — — = — 4 18 973
Silt and gravel — — — — 10 30| | TOTAL DEPTH 973
Clay and gravel — — — — 5 35
Water gravel — — — — - 7 L2
Clay and gravel with (D-23-22)10acc
water forming ooze - 5 L7 Soil and gravel mixed - 28 28
Light brown c®ay with Gravel showing little
spots of gypsum — — -- 163 210 water at 36 ft. — — - 8 36
Decomposed igneous Sandy clay - — — — - - 60 96
material and clay — - 5 215 Water sand - - — — - A 6 102
Light brown clay with Gypsum - — = — — — — - 16 118
small quantity fine Sandy clay — — — — — 4 26 144
gravel — — — = — — — 100 315 Gypsum =~ ~ — — — — — - 10 154
Blue gray shale and Red clay — — — — — — 4 158
CIBY = = = vo o = = o 235 550 Water sand - — — — — 8 166
Sandy streak making Sandy clay — — — — — 10 176
some water -~ 361 ft. Water gravel and sand - 14 190
Light brown sandy shale 53 603 Red clay - = — — — — L 194
Blue gray shale (some Water gravel - — — — o 6 200
B ) o o o o 109 "2 Sandy clay - — — — — 14 214
Light colored porphyry L3 755 Water gravel and sand,
Blue gray shale — — — - 19 ard well mixed -~ — — — - 8 222
TOTAL DEPTH ool | | Sandy clay — — — - — - 22 2Ll
Static water level 28 ft., Water gravel and fine
gand -~ = = = o — - L 248
(D-21-20)33ab Sandy clay = — — - — L 252
Gravel and adobe - — - 67 67 Sand and gravel heaves
Adobe and boulders - - 230 297 up from bottom two and
Sand gravel, boulders, three ft, — - - - - . 16 268
and 2dobe — — -« —~ — — 149 W6 | | Sandy clay - — — — — 4 6 27l
Clay — — «+ == = = = — = 7 453 Sand and gravel heaves
Gravel and clay -~ — — — 34 487 up from bottom two v
Sand and clay — - — — = 95 582 and three ft, — — —~ o 10 284
BERA S e et e G e 35 617 Sandy clay — — — — — - Ll 328
Cemented sand - — - — - 100 il Gravel and sand mixed
Sand with thin clay with heavy clay — — - 12 340
layers — — — = — — — L5 762 Sand = = = = = = — — - 8 348
Sand and gravel — — — — 15 vl Sandy elay = — = = = = 36 384
Coarse samnd = — —= = = = 70 847 TCTAL DEPTH 384
Cemented sand and
gravel — — — — — — - 65 912
TOTAL DEPTH 912 (D-24--21)11
Gl = = = o 53 = o ' v v
Clay and gravel — — — - 133 140
(D-21-23)29bdb Clay, gravel and sand
Loose gravel, sand, GEFBOKRE = = o = ox 70 210
clay, (dry) - - - - =| 250 250 Cement gravel and clay 20 230
Limestone, shale and Packed sand and gravel 26 256
sandy lime, stratified Clay and fine gravel - 26 282
(Paleozoic limestone), : BUGT oo o o5 o5 oo % i 16 298
(Ary) = = -+ oo = =~ = | 705 955 Packed sand and gravel 1.5 315




Table 13,—~—ILogs of representative wells in Upper San Pedro basin—-continued.,

Thickness|Depth Thickness |Depth
(feet) | (feet) (feet) |(feet)

Clay and gravel —~ — — - 83 398 Cllay =t ey — e R 6 1015
Loose gravel and rock - 10 408 TOTAL DEPTH MhenLs;
Clay and gravel (hard) 30 438
Sandy clay | = — o o 24 L62
CRAT et o i ol ol i 2L L86 (D-24-24)18
Clay and gravel — — — - 12 498 Top s0il — = —= — — — = 1% 13
Packed sand - — - — — - 22 520 Red clay with scattered
TPough elay — — — = = 4 15 535 boulders a et 80% 82
Gravely clay - — — — ~ 15 550 Gravel and boulders
Hard packed sand - — - 22 572 with caliche -~ — — — 39 L2k
Tough clay « — = — — - 90 662 Gravel and boulders
Cement gravel and sand 10 672 with caliche (with
Clay and hard shells - 76 748 WALET )t = = o = e = = | 122
Hard packed sand -~ ~ — 32 780 Caliche - — = = = = = = 36 158
Sticky clay — = = = — -~ 14 794 Sand, gravel (water) - 2 160
Packed sand — — — — — 21 815 Gravel, boulders, ;
Clay and sand streaks - 39 854 galiche — =« = o od o 14 174
Packed sand —~ ~ — — — — 41 895 Very hard solidified
Clay and sand streaks - 53 oL8 cemented boulders and
GRay o ertien Sl et 29 977 gravel — -~ e = = — = 12 186
Hard packed sand - — - 8 985 Gravel, sand (water) o L 190
Gliay = Sl = i 21l 1006 Red clay — — — = = = = 10 200
Packed sand ~ — — -~ — — 3 1009 TOTAL DEPTH 200




Table 14.-—Analyses of water from representative wells and springs in Upper San Pedro basin, Cochise County,

Ariz. (Parts per million except specific conductance and percent sodium)
Specific Total -
Depth | Tem— conduct— Mag— |Sodium hard-| Per-
Well or Date of of pera— | ance(micro— | Cal— ne— and Bicar-{ Sul- Chlo—| Fluc— | Ni- Dis— |ness |cent
spring no.lcollection|well ture | mhos at cium | sium |potassium [ bonatel fate | ride |ride | trate|solved| as so—
(feet)|(°F.) | 25° C.) (Ca) | (Mg) | (Na/K) (HCO=)| (<£0y) | (C1) [(F) (NOB) solids| CaC03| dium
Recent alluviael fill
(D-16-19)
17ab h—-51 75 | 69 152 12 362 18 73 9 W i 0.2 1.8 128 43 | Lg
(D-16-20)
Tbdb 10-50 - 66 379 51 6.6 21 200 21 7 0.4 L.4 239 | 154 | 23
(P-17-21)
32dd 346 200 | 68 292 29 1.6 39 169 5.6 9 2.0 1.6/ 171 79 | 52
(D—-20-21)
15a 2-34 - - - U5 12 27 2u6 15 2.0| 0.1 .0 222 | 162 -
(I—21-52)
204 2-34 af 61 - b6 | 16 37 252 28 14 | 1.2 2.9 269 | 181 | -
(1-23-22)
T Za ‘ 2= 3l 114 - - 42 28 8 200 14 3.0 0.2 66 260 | 220 -
Artesian water from older alluvial fill
(D-16-20)
3hdab(1)| 351 600 s olele) 576 4.9 554 54 [2,500 8 1.5 0.2| “3680 |1460 | L5
(2analysecs h
at differ-
ert depths)
((2) 5 6-51 10C0 | - 383 28 6.8 51 223 15 6 | 0.8 1.4 251 | 98 | 53
(D-17-20
9cbe(1) 10-46 355 - 3380 388 71 u71 53 | 1950 26 3.4 0.4 2900 1100 | U8
(hanalyses
at differ-—
ent depths)
(2) | 10-46 856 - 1830 - = ~ 57 = 15 - - - - -




Table 14.——Analyses of water from representative wells and springs

in Upper San Pedro basin--—continued-

Specific Total
Depth |Tem— cenduct— Mag— |[Sodium hard- |Per—
Well or Date of of pera— | ance(micro- | Cal- ne— and Bicar-| Sul- Chlo- [Fluo- | Ni- Dig— ness |cent
spring no.collection|{well |ture | mhos at cium | sium [potassium | bonate| fate | ride |ride |:trate|solved| as so~
(feet) [(OF.) | 25° C.) (Ca) | (Mg) | (Na/K) (HCOB) (50)) | (€1) |(F) (NO3) | solids| CaCO3|dium,
(D-17-20)
9cbe( 3) 10-46 900 —~ 2230 - - ~ 137 Lg = = - - -
(Cont.)(H)] 10-L6 926 - 2050 = - — 217 = 8¢ = - - - -
{5)lF 10-Ub 1087 < 2820 182 | 24 223 111|850 38 2T 0.2].1370 | 552 | 47
9dd 521 1505 = = 351 11 39 2u Oel B0} Lol 251 153 -
10cac 11-70 1068 | 82 384 g 31 235 9.9 2 0.6 1.3] 2521 1lk2 o 32
(I=17-21)
31dal 2-3Y4 340 | 69 - 13 - L9 133 10 U. 0| 5.8 2.0 146 36 -
(D2 %29)
P R 2-34 350 = = T I e b 15 222 g ool a.e 0.7 196 | 165 -
Nonartesian water from older alluvial fill e ol
(DN16-19)
7 10-50 a/ 65 382 46 | 10 28 216 5e8 12 0.4 3.2] 240 | 156 | 23
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LOWER SAN PEDRO BASIN
By L. A, Heindl

Location and boundaries

The Lower San Pedro basin (pl. 10) is defined as the drainage basin of
the San Pedro River between The Narrows and the mouth of the river near
Winkelman, exclusive of the drainage of Aravaipa Creek east of the mouth
of Aravaipa Canyon, This area is excluded because it is in a distinct struc-
tural trough with separate ground-water problems, and is briefly discussed
under ‘‘Other areas irrigated with ground water,”” The west boundary is the
drainage divide between the San Pedro and Santa Cruz Rivers along the
Rincon, Santa Catalina, Black, and Tortilla Mountains, For the greater part
of its length, the east boundary is the drainage divide in the Galiuro Moun-
tains between the San Pedro River and the drainages to the east, except for
the arbitrary line that excludes the upper part of Aravaipa Creek. The south
boundary is selected as the drainage divide separating tributary streams that
enter the San Pedro River akove and below The Narrows.

The Lower San Pedro basin is about 65 miles long and 15 to 30 miles wide
and has an area of about 1,550 square miles, The trend of the valley is north-
west., The greater part of the basin lies in Pinal County, and smaller parts
are in Cochise, Graham, and Pima Counties,

Geology

The generalized geologic map of the Lower San Pedro basin (pl. 10) is
based on reconnaissance mapping by the Ground Water Branch for a report
in preparation, Additional information was obtained from published and un-
published reports (Moore and others, 1941), (Darton, 1925), (Kuhn, 1938),
(Peterson, 1938), (Schwartz, 1945), (Steele and Rubly, 1948), and from unpub-
lished data in the files of the Geological Survey (Bryan and others, 1934),

(B. N, Moore, 1935), (J. R. Cooper, 1952).

Rocks and their water-bearing properties

Rocks occuring in the Lower San Pedro basin consist of the crystalline and
metamorphic complex of schist, gneiss, and granite, pre-Tertiary sedimentary
rocks, Cretaceous (?) and Tertiary (?) sediments, Tertiary and Quaternary
alluvial fill, Cretaceous (?) and Tertiary (?) volcanic rocks and associated
intrusives, and Recent alluvial fill,

The complex forms a large part of the bedrock exposed on the west side
of the basin, and smaller areas in the Johnny Lyon Hills at the south end of
the Galiuro Mountains,

The sedimentary rocks of pre-Tertiary age are composed of limestone,
mudstone, sandstone, quartzite, and conglomerate, In this basin they form a
nearly conformable sequence more than 95,000 feet thick, These sedimentary
rocks form a discontinuous belt between the crystalline or volcanic areas and
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the valley fill at the northeast and northwest boundaries of the valley. The
rocks are folded and faulted and are inclined at slight to steep dips. Both
detrital rocks and the limestones transmit small amounts of ground water.
They are the source of many small springs in the higher parts of the moun-
tains,

Alternating lake-bed mudstone, sandstone, conglomerate, and fresh-water
limestone of probable Tertiary, but possible Cretaceous, age, occur in small
masses, These sediments give some evidence of conditions just prior to the
vast outpouring of volcanic rocks. They are not important aquifers,

Volcanic rocks and shallow intrusive bodies, of probable Cretaceous or
Tertiary age, form the main mass of the Galiuro Mountains, small areas in
the Black Hills, the southwest end of Black Mountain, and a few areas in the
Santa Catalina and Rincon Mountains., Basalt flows of possible Quaternary
age are included in this unit. Water occurs in fractures and along bedding
planes, but it supplies only scattered domestic and stock wells and small

springs,
Alluvial fills

The structural trough of the Lower San Pedro basin contains alluvial ma-
terial of Tertiary and Quaternary age. The known thickness of alluvial ma-
terial ranges from a thin veneer to at least 2,000 feet along the axis of the
valley, Locally there are islands of granitic, sedimentary, or volcanic rock
surrounded by alluvial fill, These islands may represent residual hills of
an older topography about which the alluvial material was deposited, or they
may represent fault blocks.. The largest of these are the Black Hills, The
San Manuel and St, Anthony mining districts, near Mammoth, are at the
southern end of these hills, J

After the older alluvial fill was deposited, the Lower San Pedro basin was
more deeply dissected than most basins in the desert region because of the
comparatively steep gradient of the San Pedro River, The average gradient
between The Narrows and Redington is about 18 feet per mile and, between
Redington and the mouth of the San Pedro River, it averages about 22 feet
per mile, In some reaches it is as high as 30 feet per mile, The gradients
of the tributary streams are correspondingly higher and the consequent dis-
section has exposed bedrock in many more areas than in most alluvial basins
of the State.

The older alluvial fill has been described in Part I under the heading,
‘“Regional geology.”’ Sand and gravel lenses within silt and clay beds of the
older alluvial fill contain water under artesian pressure south of Mammoth,
Water supplies from the older alluvium on the higher slopes of the valley
are small,

The present channel and flood plain of the San Pedro River and its tribu-
taries are underlain by Recent alluvium consisting of unconsolidated gravel,
sand, and more rarely silt and clay, from 50 to 150 feet thick, The width of
the San Pedro River channel and flood plain averages about half a mile, Some
of the large tributaries, such as Aravaipa and Hot Springs Creeks, have flood
plains as much 2s a mile wide at their mouths. These deposits of Kecent
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alluvium are the major sources from which water is withdrawn for irrigation
along the lower San Pedro and its tributaries,

Records of wells of the Lower San Pedro basin referred to in this chapter
are shown in table 15, Table 16 presents logs of representative wells,

Wells in Recent alluvium.--Logs of shallow wells along the flood plain show
that the Recent alluvium is from 60 to 150 feet thick and is underlain by clay
~ or tightly cemented conglomerate of the older alluvial fill,

Where some tributaries of the San Pedro River have cut through clay beds,
ridges of clay may underlie the Recent alluvium at relatively shallow depths.
Wells (D-8-17)18cda and (D-8-17)18cdd, (table 16), less than 300 feet apart,
illustrate this condition,

Wells in older alluvial fill.--Wells in older alluvial fill may be classified
as follows: (1) Artesian wells drilled along the San Pedro flood plain
through Recent alluvial fill into older alluvium; and (2) wells drilled on the
flanks of the valley,

Well (D-9-17)25bdd is representative of the artesian wells, Older alluvi-
um was encountered in this well below 80 feet, Clay predominated from about
80 to 628 feet, where water under artesian pressure flowed from a coarse

4 sand., Sand, interbedded with a little gravel and clay, was encountered between

\> 628 and 860 feet and artesian flow increased steadily, Clay predominated

" from 860 to 967 feet and no further increase in flow was noted, Well ‘o- ’}
(D=9-17)32daa, drilled to 1,485 feet, penetrates a deeper artesian zone, e 1S

ell (D-7-16)3ca is located on a clay terrace northwest of Aravaipa Creek,

and was drilled to 825 feet entirely in clay. It is reported to be ‘‘completely !
dry:’! Well (D-12-19)32ddd was drilled to a reported depth of 900 feet in an
attempt to obtain a flowing well south of Redington. Impervious silt, clay,
or tight conglomerate was encountered the entire depth of the well and no
water was obtained below the Recent gravels.

In the vicinity of Mammoth, warm water leaks around the casings in some
wells and escapes into the Recent alluvial fill, The temperatures and mineral
content of waters from shallow wells (D-9-17)10cca and (D-9-17)14cdb are
closely comparable to temperatures and mineral content of waters from
nearby artesian wells, Apparently two aquifers are present, one between 625
and 860 feet, the other between 1,275 and 1,370 feet., The temperatures and
chemical quality of the two waters are different.

Deep wells have been drilled along the flanks of the valley in four general
areas: (1) The west side of the valley; (2) the east side of the valley; (3) Camp
Grant Wash area; and (4) Allen Flat area, The logs of wells drilled in the
four areas show differences in the types of materials encountered and in the
depths at which water was obtained,

On the west side of the valley, in well (D-8-16)25dcd, the driller reported
““ordinary conglomerate’ to 785 feet and ‘‘red material’’ from 785 to 2,144
feet. Laboratory examination showed the red material to be alluvium con-
sisting almost entirely of water-worn particles of volcanic rocks., Other
wells in this area are less than 750 feet deep and the logs show undifferenti-
ated conglomerates throughout, Water levels in all these wells are reported
to be below 250 feet.
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On the east side of the valley, the materials encountered and the depths to
water vary more than those on the west side. Well (D-9-17)2dcb was drilled
through silts and clays to 1,025 feet, and the water level was reported to be
250 feet, This well is considered a ‘‘dry hole’’ by the owner, Well
(D-9-19)32cab was drilled through conglomerate to a total depth of 800 feet,
The water level is reported to be more than 500 feet below the surface and
the well supplies only enough water for domestic and stock purposes. In well
(D-11-19)10dc, 300 feet deep, the driller reported a small seep of water at the
top of ‘‘volcanics’’ below 142 feet of conglomerate, Well (D-10-18)3b is
reported to be 390 feet deep and to contain water with a temperature above
1200 F, It is believed to tap water along a fault zone in the older alluvium,

In the Camp Grant Wash area, the alluvial fill is known to be at least 680
feet thick and water is obtained within the alluvium and from rocks below
the alluvium, Well (D-9-15)15aad is reported to be 835 feet deep. Alluvial
till is reported underlain by ‘‘porphyry’’ at 680 feet and water is obtained
only from the ‘‘porphyry’’ between 770 and 786 feet, Well (D-7-14)10dba is
reported to be 398 feet deep and to obtain water between 388 and 398 feet in
alluvial fill overlying granite, Water levels in other wells, drilled entirely
within alluvial materials, are reported to be 100 to 500 feet below land surface,

The alluvial fill in the Allen Flat area is known to be more than 1,250 feet
thick and water levels are reported at depths from 150 to 900 feet, Volcanic
rocks have been reported in some well logs.

Wells in older rocks.-=Some deep wells, in addition to those in the Camp
Grant Wash area, obtain small amounts of water in rocks older than the
alluvial fill, Well (D-13-21)20ddc, 400 feet deep, is reported to obtain water
from within Tertiary (?) volcanic rocks at 314 feet, Well (D-8-14)15bbb,

560 feet deep, is reported to obtain water from alluvial sand between volcanic
flows, Well (D-14-21)19cac was drilled into granite to 644 feet, Some water
was reported at 270 to 275 feet and below a ‘‘fault zone’’ encountered between
480 and 480 feet, Well (D-6-15)8cb was begun in diabase intruding the older
sedimentary rocks,

Cross sections

The diagrammatic cross sections in figure 10 illustrate some of the
relations discussed in the preceding pages, Figures 10A and 10B are
sections across the valley in the vicinities of Mammoth and Redington, respec-
tively, Figure 10C is a section along the San Pedro River from The Narrows
to the confluence of the San Pedro and Gila Rivers near Winkelman, Each is
a composite of known structural features in the vicinity, They are included to
show the complexity of the geology of the region, and are not to scale,

The transverse cross section in the vicinity of Mammoth (fig. 10A) shows
that alluvial fill extends about two-thirds across the valley and attains maxi-
mum thickness in the center of the valley,

The thick sequencé of clay and silt and the two artesian zones are shown
along the axis of the valley., Recent alluvium partly fills the channel incised
into the upper clay and silt beds. The series of fault blocks across the basin
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represents in general terms relationships observed in the field.

Figure 10B is a generalization of structural relations viewed transversely
across the Lower San Pedro basin in the vicinity of Cascabel. In contrast
to the part of the basin near Mammoth, the clay and silt series is missing
and the older materials underlying the Recent alluvium are generally coarse,
moderately well-indurated conglomerate and sandstone. The small alluvial
basin at the northeast end of this section represents the Allen Flat area,

The longitudinal cross section shows the probable relationships between
the area north of Redington, in which there are considerable thicknesses of
clay and silt beds and known artesian aquifers, and the area from Redington
to The Narrows, where the older alluvium is composed predominantly of
indurated sand and gravel, Variations in the thickness of Recent alluvial
fill in relation to hills close to the river are also illustrated,

Ground-water hvdrologv

Source, occurrence, and movement

A general discussion of the source, occurrence, and movement of ground
water is found in Part I, in the section on ‘‘Regional hydrology.”’ The chief
sources of ground water in the Lower San Pedro basin are runoff from
precipitation in the mountains and surface flow in the San Pedro River,

Ground water occurs in all types of rocks in the basin, The ground water
used for irrigation is obtained from the Recent alluvium, except for small
amounts obtained from the older alluvial fill by four artesian wells and one
spring. Domestic and stock wells obtain water from all the rocks of the area,
Most of the water pumped from mines comes from fault zones in volcanic
rocks and rocks of the crystalline and metamorphic complex,

Movement of ground water in the alluvium of the Lower San Pedro basin
is generally toward the axis of the valley and northward toward the mouth
of the San Pedro River near Winkelman, Locally, the movement of ground
water is impeded by barriers, such as blocks of older rock, and possibly
buried lava flows.

Recharge

Recharge of ground water to the alluvial fill of the Lower San Pedro basin
is from several sources: (1) Precipitation and runoff; (2) surface flow in the
river; (3) underflow; and (4) seepage from irrigated fields.

Precipitation and runoff.~-Average measured precipitation in this basin
ranges from 10,5 inches per year at Redington to 19.5 inches at Oracle.
Regional studies of precipitation (Peterson, 1945) indicate that the average
annual rainfall in the Rincon and Santa Catalina Mountains is about 21 inches
and in the Galiuro Mountains, about 16 inches. A weighted annual average
for rainfall in the mountain areas is 18 inches and for the whole basin, about
16 inches,

Approximately 1,000 square miles, or about two-thirds, of the Lower
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San Pedro basin is composed of desert flats and mesas, Direct recharge
from precipitation on this area is believed to be negligible in an average
year.

About 550 square miles, or 350,000 acres, is composed of mountain areas
where the rainfall averages about 18 inches per year. Runoff from the
mountain areas in this basin is estimated, on the basis of figures given in
Part I of this report, to be about 10 percent of the precipitation, or about
00,000 acre-feet per year, and recharge to the alluvial fill is estimated to be
about half of the runoff. On this basis, the recharge is estimated to be in
the magnitude of about 25,000 acre-feet annually, The other 25,000 acre-
feet of runoff is discharged by evaporation and as stream flow into the Gila
River from the San Pedro River.

Surface flow.--Data on surface flow are based on the 10-year period 1932-
41, as records for gaging stations in this area are most nearly complete
during that period, Annual inflow from Aravaipa Creek for this period
averaged about 23,000 acre-feet per year., Average annual inflow into the
Lower San Pedro basin at The Narrows was calculated from available stream-
flow records to be about 45,000 acre-feet per year. Runoff originating within
the basin is estimated to add another 10,000 acre-feet per year on the average,
and springs and seeps issuing from older rocks along the San Pedro River
are estimated to add another small but negligible amount, The average total
surface flow is estimated to average about 78,000 acre-feet per year and to
range from about 35,000 to about 110,000 acre-feet per year. On the basis of
data from the gaging stations on the Gila River above and below the mouth of
the San Pedro River, surface flow at the mouth of the San Pedro River was
calculated to average about 43,000 acre-feet per year.

Underflow.--Underflow into the alluvial fill of the Lower San Pedro basin
comes from the Upper San Pedro basin and the upper Aravaipa Valley,

Underflow from the Upper San Pedro basin is restricted to alluvium in the
channel through The Narrows, This alluvium has an average thickness of
about 60 feet and a maximum width of 300 feet. The gradient at this point is
approximately 15 feet per mile, Average permeability coefficients for
unconsolidated alluvial material of this type range from 1,000 to 5,000
(Turner and others, 1941, p. 45). Calculations based on these figures indicate
that underflow through this restricted channel is between 40 and 200 acre-feet
per year, ;

Aravaipa Creek is intermittent in the lower 5 miles of its course. Where
perennial flow ceases, the channel is about 400 feet wide, the alluvium is
estimated to be 50 feet deep, and the gradient is 50 feet per mile. Using the
same permeability coefficients as above, the underflow from Aravaipa Creek
is estimated to be from 200 to 1,000 acre-feet per year,

Seepage from irrigated fields.--Recharge from irrigated fields in the Lower
San Pedro basin is estimated to be about 15 percent of the 20,000 acre-feet
applied, or about 3,000 acre-feet per year. The estimate was made on the
same basis as was used for the Upper San Pedro basin,
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Seepage from mine pumpage,.--Between 5,000 and 10,000 acre-feet of water
per year is pumped from the mines near Tiger. A small proportion is
recirculated at the mill, and a small amount, possibly 500 acre-feet, is used
for domestic purposes. Much of the balance is lost by evapotranspiration and
the remainder is recharged to the Recent alluvium,

Discharge

Discharge of ground water from the alluvial fill of the Lower San Pedro
basin occurs as follows: (1) Pumping; (2) evapotranspiration; (3) underflow
out of the basin; and (4) springs.

Pumping.--Discharge by pumping may be divided as follows: (1) Discharge
from domestic and stock wells;and (2) discharge from irrigation wells,

In 1951 there were approximately 300 wells in use in the Lower San Pedro
basin, Of these, 50 were irrigation wells constructed in Recent alluvium,
and six were artesian wells in the older alluvial fill, The remainder were
domestic and stock wells,

The total pumpage from about 200 domestic and stock wells in the alluvium
is estimated to be approximately 1,000 acre-feet per year, including water
used in Mammoth,

Fifty wells were used to irrigate about 6,700 acres in 1951, Of this total,
about 5,900 acres was in cultivation between Winkelman and 9 miles south of
Mammoth, and about 800 acres was in cultivation between Redington and The
Narrows. The amount of water applied to the land for irrigation was assumed
to be 3 acre-feet per acre per year, as explained in the section on the Upper
San Pedro basin, On this basis, the discharge from irrigation wells was about
20,000 acre-feet in 1951, The artesian wells are uncontrolled and continuously
discharge about 1,100 gallons per minute, a total of about 2,000 acre-feet per
year. The total discharge from wells in the alluvial fills in the Lower San
Pedro basin was estimated, therefore, to be approximately 23,000 acre-feet
in 1951,

Yields from most irrigation wells in the Lower San Pedro basin range
from 400 to 1,200 gallons per minute, Pumping rates from norartesian wells
in older alluvium range from less than 1 to 12 gallons per minute, Flow of
the artesian wells ranges from about 20 to about 500 gallons per minute,

Evapotranspiration,--Estimates of discharge of ground water by evapotrans-
piration were made for the flood plain of the lower San Pedro River and the
lower 4 miles of Aravaipa Creek, and for areas of Recent alluvial fill in the
main tributary washes, The Recent alluvial fill of the lower San Pedro River
and lower Aravaipa Creek has an area of about 36 square miles or about
283,000 acres. About a quarter of this area consists of stream channels, and
the remaining three-quarters, or about 17,000 acres, consists of flood plain,
An additional 10,000 acres of Recent alluvial fill has been deposited in other
tributary channels outside the main flood plain, It is covered with a scattered

growth of phreatophytes,
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The greatest discharge of ground water on the flood plain is through trans-
piration by phreatophytes, which cover the entire uncultivated part of the flood
plain, The vegetative cover is predominantly mesquite, but includes some cot-
tonwood and baccharis, Areal density of growth is almost 100 percent, In the
tributary washes the phreatophyte growth is thinner, It is estimated that in
areas of 100-percent density of mesquite in the Lower San Pedro basin, water
consumption is 3.5 acre=-feet per acre per year., This annual use includes an
average of 1 acre-foot of rainfall on the flood plain, and a draft on ground water
of 2.5 acre-feet, Of the 17,600 acres of flood plain along the river and lower
Aravaipa Creek, approximately 6,700 acres is under cultivation and the balance
of about 11,000 acres is overgrown with phreatophytes, Assuming a density of
100 percent, about 27,000 acre-feet of ground water per year is estimated to
be lost by evapotranspiration in the 11,000-acre area, The average density of
the 10,000 acres of phreatophytes in the tributaries was estimated to be 20 per-
cent, and the total annual use by evapotranspiration in tributaries was estimated
at 5,000 acre-feet,

Discharge of ground water from the stream=-channel areas includes evapora=-
tion from wetted sands and from surface water, Assuming an average discharge
of 0.5 acre-foot per acre per year, the discharge from the approximately 5,000
acres of stream channel was estimated to be about 3,000 acre-feet per year.

The sum of these estimated losses by evapotranspiration is 35,000 acre=-

feet per year,

Underflow out of the basin. --Underflow at the mouth of the San Pedro River
occurs through a cross section of alluvium nearly 4,300 feet wide, and about
100 feet thick, The gradient is 10 feet per mile, On the basis of these data, and
assuming a range of coefficients of permeability of between 500 and 2,500, under-
flow from the basin is estimated to be between 450 and 2,700 acre-feet per year,

Springs.-~-The total discharge from about 80 springs is approximately 4,000
acre-feet per year. Perhaps 20 percent of this quantity, or about 800 acre-
feet per year, finds its way back into the alluvium as recharge, Yields from
springs range from less than 1 to more than 1,000 gallons per minute,

Storage

The concepts of ‘‘latent storage’” and ‘‘underlying storage’’ are explained
in Part I, under ‘‘Regional hydrology.”’ The concept of underlying storage is
not applied to the Lower San Pedro basin for reasons similar to those outlined
in the discussion of storage in the section on the Upper San Pedro basin,

Storage of ground water in the Lower San Pedro basin is calculated as
latent storage in the older alluvial fill and latent storage in the Recent alluvi-

um,

Latent storage in older alluvial fill,--The older alluvial fill occupies an area
of about 640,000 acres, Storage is calculated for a saturated thickness of 300
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feet, assuming a coefficient of drainage of 2 percent, the same percentage used
in the Upper San Pedro basin, The volume of Recent alluvial fill along the San
Pedro River, and enclosed within older alluvial fill, is deducted from the total
volume of older alluvial fill, The Recent alluvial fill along the tributaries,
however, is included with the older alluvium. The coefficient of drainage in
older alluvium is estimated to be 2 percent and may be as high as 6 percent.
Latent storage in the older alluvial fill therefore is estimated to be about
4,000,000 acre-feet and may be as high as 12,000,000 acre-feet,

Latent storage in Recent alluvial fill--The Recent alluvial fill along the San
Pedro River in this basin has an area of 23,000 acres. The thickness of satu-
rated fill averages 60 feet, and the coefficient of drainage is estimated to be
15 percent. Latent storage in Recent alluvial fill thus is calculated to be in
the order of about 200,000 acre-feet, Stcrage in Recent alluvial fill along
tributaries is included with storage in older fill,

Water-table fluctuations

Continuous records of water-level fluctuations are available only for the
period 1948-51 and are considered insufficient to show a definite trend, Some
water-level measurements for the years 1921 and 1934 are available, In
general, the water levels in the Recent alluvium along the San Pedro River in
the period 1948-1951 appear to be lower than those in 1921 and 1934, but no
direct comparisons can be made because it has proved impossible to identify
the bottom-land wells measured in 1921 and 1934,

Quality of water

About 180 analyses of surface and ground waters from the Lower San Pedro
basin are on record. Most of the analyses were made during 1948-51, but
some represent samples taken in 1921 and 1934, Analyses of characteristic
waters are presented in table 17 and are grouped by their rock-type association.
Analyses show that most of the waters of the basin contain moderate amounts of
mineral matter; the dissolved solids content usually does not exceed 600 parts
per million, In local areas, concentrations are higher; the maximum for the
basin is about 9,000 parts per million,

Waters obtained from all the upper artesian aquifers of the older alluvium,
and from the Recent alluvium underlying the flood plain, are normally suit-
able for irrigation, Many waters obtained from the alluvial fill are acceptable
for domestic and stock use, However, waters with a fluoride content exceeding
1.5 parts per million occur near Winkelman, along Aravaipa Creek, near
Oracle, at the mining communities near Mammoth, and in the artesian area, In
general, waters obtained from nonartesian sources in alluvial fill or from
volcanic rocks are acceptably low in fluoride; those obtained from the crystal-
line and metamorphic rocks, from fault zones, or from the artesian aquifers
tend to be high in fluoride,

Water moves through the basin, both as surface flow and as underflow, at

a rate apparently sufficient to prevent excessive accumulation of dissolved
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solids in the ground waters, Near the mouth of the San Pedro River, however,
and for a distance of nearly 2 miles upstream, more highly mineralized waters
occur than are characteristic of waters either from wells in the Recent alluvi-
um or from seeps and springs along the river, A comparison of analyses of
waters sampled in the period 1921-34, and resampled between 1947 and 1951
shows that there has been a detectable, although slight, increase in minerali-
zation in the last quarter-century. The cause of this change is unknown at
present,

The quality of waters from the Recent alluvium along the San Pedro River
between The Narrows and the mouth is represented by the first four analyses
in table 17, The quality of underflow in Aravaipa Creek, shown by analysis
(D-7-16)11a is comparable to the quality of water from spring (D-6-16)33c.

Waters from the older alluvial fill are variable in chemical character, but
in general are suitable for domestic and irrigation use, except that artesian
waters may be so high in fluoride as to be undesirable for domestic consump-
tion. Some of the waters have excessively high sodium percentages, making
their use for irrigation questionable,

Analysis (D-9-17)24dc is representative of waters from the upper artesian
aquifers, and analysis (D-8-17)32daa is representative of waters from deeper
artesian sources. The leakage of artesian water into aquifers in the Recent
alluvium is illustrated by comparison of the analysis of water from well
(D-9-17)14cdb with analyses characteristic of waters from Recent alluvium,

Several analyses are presented that are characteristic of waters from non-
artesian wells and springs in the older alluvial fill. Water from well (D-8-17)364
is exceptional in that it contains about 30 parts per million of fluoride, the
highest concentration of fluoride observed in waters in this basin, Well
(D-10-18)3b produces what may be the hottest water in the basin, although no
temperature measurement has been made, The proportions of sodium, sulfate,
chloride, and fluoride are unusually high, It is possible that the water emerges
from a fault zone, Spring (D-13-21)6a issues from a fault zone separating
older alluvium from volcanic rocks. The water emerges at a temperature of
109°F, The analysis of water from this spring is comparable in dissolved solids
concentration to analysis of water from the older alluvial fill nearby, (D-12-21)3la,
The hot-spring water is slightly higher in fluoride and has a sodium content
appreciably higher than calcium, thus reversing the condition normal to waters
from older alluvial fill,

Water from the Cretaceous (?) and Tertiary (?) sediments, from well
(D-13-20)23dc, has the highest reported mineral content in the basin, 9,160
parts per million, Fairly high silica and bicarbonate concentrations are features
typical of waters from volcanic rocks, and appear in analysis (D-8-19)31a, Wa-
ters from older sedimentary rocks are generally low in mineral concentration,
The analysis of water from spring (D-7-18)8a illustrates their chemical
character. The chemical character of waters from rocks of the crystalline com-
plex is illustrated by analyses of waters from diorite, granite, and schist, These
waters show ranges in concentration of dissolved solids from 344 to 1,110 parts
per million, The moderately high fluoride concentrations characteristic of wa-

ters from the crystalline rocks are apparent,
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Ground~water--surface-water interrelationships

The San Pedro River is intermittent throughout the length of the basin,
Locally the Recent alluvium gains recharge from stream flow and discharges
ground water to the river, Detailed measurements of gains and losses in
stream flow are required before a quantitative determination of ground-water=--
surface-water interrelationships can be made,

Problems
Additional studies

The Lower San Pedro basin has been more thoroughly dissected than other
basins in southern Arizona, and consequently the geologic formations in the
basin are comparatively well exposed., The flood plain along the river is narrow,
and future agricultural development probably will be small, The area is easily
accessible and is suitable for intensive geologic and hydrologic studies, and
the basin might be useful as an area of reference from which to evaluate con-
ditions in other basins, A reconnaissance of the geology and hydrology of
the basin has been made and the following is suggested for further study:

1. Detailed studies of the stratigraphy, structure, and water-bearing cuali-
ties of rocks,.

2. Investigation of artesian aquifers and their relation to the stratigraphy
and structure of lake beds and fine-grained flood-plain materials, Explora-
tion for deep aquifers could be carried on by test drilling and by geophysical
methods, including the electrical-resistivity methods already used in a few
localities.

3. Collection of detailed precipitation and runoff data and studies of varia-
tion in runoff with respect to varying rock types and hydraulic gradients,

4, Quantitative determinations of recharge and its relation to permea-
bility and transmissibility in different rock materials.

0. Determination of use of water by phreatophytes, with particular attention
to seasonal use, and to the proportions of ground water and precipitation com-
prising the total water used, If use of ground water by phreatophytes were
found to be less than or approximately equal to consumptive use by farming,
additional land could be cleared and irrigated without adverse effect on the
hydrologic balance of the basin,

6. Relation of quality of water to rock types and geologic structures as an
aid in studying the movement of ground water,

7. Flood control dams across the San Pedro River have been suggested at
locations such as The Narrows and downstream from the mouth of Aravaipa
Creek, The effect of such dams on ground-water conditions, in both the up-
stream and downstream areas, should be evaluated in advance of construction,

Methods of increasing or conserving ground-water supply

The following methods for increasing or conserving ground water are sug-
gested:
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1. Artesian flow from wells could be regulated by valves and utilized only
when needed, Artesian wells should be adequately cased and properly set
and perforated to eliminate loss of pressure head, Uncontrolled artesian flow
could be put to beneficial use or artificially recharged.

2. The apparent heavy use of water by non-beneficial phreatophytes along
the San Pedro River suggests that replacement of phreatophytes by crops may
be desirable,

3. Storage and regulation of flood flow might allow greater use of surface
water without materially decreasing recharge, outflow probably would be de-
creased, but not in direct proportion to the increased use of surface water,

Summary

The Lower San Pedro basin occupies the northwestern third of a structural
trough that extends from south of the International Border to the vicinity of
Winkelman, Ariz, Nearly continuous exposures of rock at The Narrows sepa-
rate the Lower from the Upper San Pedro basin, The area is drained by the
San Pedro River, which flows roughly northwest to the Gila River,

Debris from the mountains, which were elevated along the northwest-trend-
ing faults, accumulated as alluvial fill in the structural trough., During the later
stages of the geologic history of the basin, one or more lakes were present, and
thick deposits of clay, silt, and gypsum were formed, These sediments were
subsequently dissected, and channels were incised into the older alluvium, The
channels were later partly filled with Recent alluvium.

Surface flow into the basin is estimated to be about 45,000 acre-feet per
year at The Narrows, about 23,000 acre-feet per year from upper Aravaipa
Creek, Discharge at the mouth of the San Pedro River into the Gila River is
estimated to be about 43,000 acre-feet per year, Thus there is a net loss of
about 25,000 acre-feet per year of the surface water that flows into the basin,

The sedimentary, granitic, and volcanic rocks yield only small amounts of
ground water, The older alluvial fill yields water to a few wells in an area of
artesian flow in amounts sufficient for irrigation, and supplies domestic and
stock wells in most of the basin, The principal sources of ground water used
for irrigation are sand and gravel lenses in the Recent alluvial fill,

Kecharge to Recent alluvium in the area is principally from surface flow
originating outside the basin and from runoff from mountains within the drain-
age basin, Recharge to the older alluvial fill, including the artesian aquifers,
is principally from runoff across the margins of the fill, where permeabilities
probably arehighest.

Ground-water discharge occurs principally by evapotranspiration and by
pumping, Total discharge of ground water from the Recent alluvium is esti-
mated to be more than 50,000 acre-feet per year, Discharge by evaporation
and by phreatophytes is estimated to be about 35,000 acre-feet per year. In
1952, about 6,700 acres was under cultivation, and about 20,000 acre-feet of
ground water was pumped from the Recent alluvial fill, About 2,000 acre-feet
per year of ground water was estimated to flow from wells drilled into ar-
tesian aquifers in the older alluvial fill,

Latent storage in the Recent alluvial fill is estimated to be about 200,000

acre-feet,
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Water analyses indicate that, except for local high percentages of sodium,
most of the waters in the basin are suitable for irrigation, In many areas the
ground water is undesireable for drinking by children because of excessive
quantities of fluoride,

Data available do not indicate changes in storage are occurring, other than
seasonal fluctuations and those related to climatic variations from year to year.
Further development of both shallow ground water and deeper artesian supplies
may be possible,
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Table 15.—Records of representative wells and springs in Lower San Pedro basin, Ariz.

Well or
spring no.

Depth of
well (feet)

Water level

Depth below
land—surface
datum(feet)a/

| Date of
measure—

ment

Type of EUse of

1iftd/

| waterc/

Analysis|{Log on
ifile

on

|
i
I

file

Remarks

(D-5-15)
2Lch

35

13.77 |

49

D

!
i

(D-5-16)
Slbed

950

|
|

Discharge, 1000 gpm.

WET15)
&chb

285

S=fi

(¢2]

(D=E=16) .
12d
33ce

(D-6-17)
13d

2-51

i

)
I,S

e st it i

|
|
i
|
!
|
I
i
i

Spring in pre-Cambrian conglomerate.
Discharge, =+ gallon per minute.

Spring in river gravels.

Aravaipa Creek. Discharge, 5000 gpm.

(D=7=11)
10dda

388 rept.

Discharge, 10 grm, estimated.

(D-7-16)
3ca
10caa
lla

Dry
40 apprx.

In silt and elay, all the
Discharge, 790 gpm, 1C-HC.
Discharge, 1440 gpm.

way .

(-7-18)
8a

(9]

(D-8-1%)
Heed
15bbb

Ul R

58.6
145.1

2w

(D-8-15)

" 3adb
3d
35ddd

115.1

520" repta

[l )

W) )

] A
>

i
0
c
l_}
iz
.

Spring ir

well 4t x |
Discharge, 2

diameter.

cstimated.

Dug

gpm,

Spring in Cenozoic conglomerate.
Discharge, 6 gpm.

(D-8-16)
25dcd

375 rept. | 7-Ug

|
|
|
|

None

—
1

A

a/ Measuring point
E/ Gaeeylinders J.,
¢/ D, domestic; S,
g/ Spring.

Jacks

T,

W, windmill; Bu,

was usually top of casing, corrected to land-surface datum
turbine; G, gasoline;
stock; I, irrigation; N, not used.

butane;

D, diesel; E, electric.




Table 15.—Records of representative wells and springs in Lower San Pedro basin-—continued.

Water level
Depth below |Date of
Well or Depth of land-surface |measure—|Type of [Use of |Analysis|Log on Remarks
spring no.|well (feet) | datum(feet)a/| ment 1iftb/ |waterc/|on file | file
(D-8-17)
18cda 70 < = J,B D - X Discharge, 10 gpm.
18cdd gRIN 98 rept. [1949 J,B D - X Discharge, 3 gpm.
19d 46 12.56 g-Ug J,E D X -
29dda 100 13.45 9-l4g T,D I X X Discharge, 1740 gpm.
32daa, 1485 - - Artesian = X X Discharge, 20 gpm.
36aa — - - J,W, G S X -
(D-8-18) -
10c a/ = 5-h1 = S X - Spring in basalt; discharge, 1 pint
per minute.
11D a/ - 5-51 - S X - Spring in diorite. Discharge U4 gpm,est.
17a E/ — 5—hH1l - D,S X - Spring in Cenozoic conglomerate.
= Discharge, 50 gpm, estimated.
(D-8-19)
3la a/ & 2-51 - D3 X - Spring in volcanic agglomerate. Dis—
_ - charge, 12 gpm.
(P=9-15)
15aad 835 760 rept. 6-l49 3.8 S p e X Discharge, 5 gpm.
364 o224 72 g-Ug C,B D £ - Discharge, & gpm.
(D-9-17)
2dchb 1025 250 rept. 1935 nona - X
10caa 80 57.64 11-30 I, W D,S X X Discharge, 4 gpm.
1ll4cdb sl 22.61 9-50 I W D X -
24dcb 825 - - Artesian| D,S,I X - Discharge, 200 gpm.
24ddec 870 = - Artesian| D,S,I X X Discharge, 390 gpm.
25bdd 967 - . Artesian| D,S,I X % Dis charge, 600 gpm.
(2=-9-19)
32cab 800 503 rept. |1949 J,G,Burrqg D,S - -
(D-10-17) .
15bb 285 213.8 8-L9 C,W,G S X - Discharge, 5 gpm.
(D-10-18)
3b 390 225 2-50 T,G S X - Discharge, 3 gpm.
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Table 1H.——Records of representative wells and springs in Lower San Pedro

basin—-—continued.

Water level

Depth below | Date of
Well or Depth of land-surface | measure— |Type of | Use of | Analysis|Log on Remarks
spring no. {well (feet) datum(feet)gA ment 1iftb/ | waterc/{on file | file
(D-11-17)
dc 7136 286 rept.| U-lLg I,G S = = In conglomerate to 736 feet.
(B1a-1E)
15a 19 b.0 9-h0 C.G I X =
(D-11-19)
T0dc 300 = - J,G D,s b X Sealed.
G1e1)
13caa 165 64.6 7-48 T,Bu I = X Discharge, 20C0 gpm, estimated.
G1219)
32ddd 900 12T 11-50 None N - -
LD;—»].E—-E:L) C&W;
27cd 10 340 rept. | €-L2 JaG S X -
Jla d/ = 11-50 - S X £ spring. conglomerate.
16ca 723 570 rept. | 12-L47 W, G S - X Discharge, 6 grm.
(D-13-18)
laay 180 57.91 O C,W 3 X 2 Discharge, 6 gpm.
(D-12-20)
H_?é@g____ —_ — - Jy W ) X =
(D-13-21) AN RO TR RS R o Spring in conglomerate faulted against
Gar- = d/ o 11-50 = D& X i volcanics. Discharge 2% gpm.
20ddc 400 314 rept. | 12-50 - S = X
__2laba 250 187 rept. | 1948 J,W,G DS X — Discharge, Y4 epm.
LE%E}:EEl Log of abandcned oil test 15C feet
Ebe 1104 00 : = 0 north.
T | 900 rept. | - L il P S x| mort
bdaa 101 28 rept. | 12-51 None il - X
_3ke - 116.8 10-50 J,6 D,S X = e R e
(D-1k-21) Ty >
19cdc 644 270 rept. | 1950 J, W S X X Discharge, 3 gpm.
B8 R 4/ = F-hH1l - DS X, = Spring in schist. Discharge, 4 gpm.




Table 1H.—-—Rccords of representative wells and springs in ILower San Pedro basin-—continued.

Water level

Depth below | Date of
well or Depth of land—surface | measure—| Typce of | Use of | Analysis|Log on Remarks
spring no.|well (fecet) datum(feet)g/ ment 11ft§/ watepg/ on file file
(D-15-20)
&cb Hh1lhH 300 - J,G S X - Discharge 3 gpm, 1951. In conglomerate
to h1lhH feet.
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Table 16,--Logs of representative wells in Lower San Pedro basin, Ariz,

Thickness | Depth Thickness | Depth
(feet) | (feet) (feet) | (feet)
(D=5~16) 31bcd (D-8-16)25dcd
Clay = = = = = = = = = E 20 20 "Ordinary conglom-
Cgl. water begins here - Lo 60 era el a e e e 785 785/
Sand and gravel-full of '"Red material" - - 1359 214l
Woktion PR RS e o Sy Lo 100 | |TOTAL DEPTH 21kl
Hard clay = = = = = = 4 2L, 12l lst water at L75
TOTAL DEPTH 124 £4s
2nd water at 700
£,
Rose to 375 ft.
(D=6-15)8cb
Overbirdeniaiie e e, - - S 37
Hard granite = = = = = - 128 165
Small crevice in granite & _ (D-8-17)18cda
Hard granite = = = = - - 120 285 Gravel = = = = = = 30 30
Small crevices with Clay = = = = = = = 20 50
yellow sandstone = = = 13 298 Dry gravel - = - = 10 60
TOTAL DEPTH 298 | [Vater gravel - ~ - 10 70
TOTAL DEFTH 70
(D=7-1L)10dba
"Broken formation" - -~ - 388 388 (D=8-17)18cdd
Water sand o= = m === 10 398 Ground T= ST 30 30
Granite - - = = = = = - - 398 Clay = = = = = = = 108 138
TOTAL DEPTH 398 Water gravel-water
rose to 981= = - 6 14l
TOTAL DEPTH 1l
(D=7-16)10caa
Topsoil = = = = = = = = 10 10
Clay and gravel = - = - 2 3L (D-8-17)32daa
Water in boulders =~ - = 25 b Sand & gravel - - = 80 80
Clay = = = = = = = = = - 2 B0 1L l8and s el it 5 85
Bed rock = = = = = = = = I 8l Sand & boulders - = 55 140
TOTAL DEPTH B, S s o ¥ R e 20 160
Gravel = = =.= = = L5
Hard sand = = = - - g 220
Grageill . iyt 65 285
(D=8-1L)15bbb Sand = = = = =~ = - 30 315
Wash fill = = = = = = = 25 25 | |Sand & boulders - - 136 151
Volcanics (lava flows) - 90 118 20 (T SRS T 1) 595
Sand streak (water) - - 5 120 Sand & gravel = - - 10 605
Volcanics (lava flows) - L30 550 Gravel &= ~ e 20 625
llonzonite = = = = = = = - 550 | |Sand & gravel - - - 35 660
TOTAL DEPTH 550 | |Running sand - - = 5 665
Sand = = = = = = = 80 7L5
Clay & gravel = = = 10 755

?OS De i



Table 16,~-~Logs of represéntative wells in Lower San Pedro bagin--continued,

Thickness | Depth Thickness | Depth
(feet) | (feet) (feet) | (feet)
__Send & clay = = = = - - 10 765 (D-9-17)2lddc
Red clay & gravel - - o 2L,0 1005 River gravel = = - 25 25
Brown shale with sand - 10 1015 Coarse river gravel 20 L5
Red clay & gravel = = - 15 1030 River sand, mostly
Sticky black clay silica = = = = = = 26 Al
(show 0il) = = = = = = 5 1035 Sandy gypsum = - - 33 10L
Sticky brown shale Solid gypsum beds - 56 160
(show 0il) = = = = = o 5 1040 Gypsum beds and
Red clay & gravel -~ - 65 | 1105 clay seams = = - - 160 320
Gypsum = = = = = = = = - 5 1110 Sandy gypsum. A
Red clay & gravel = - 25 1135 little water in
Brown lime = -~ = = = = 9 11hk hole after 325! - Lo 360
Red clay & gravel - - 4 16 1160 Gypsum beds and
Hard sand (small amount clay seams = = = = 60 420
water) = = = = =~ = = 35 1185 Gypsum beds = = = = 60 480
Red clay = = = = = = = 4 2 1197 Sandy clay = = = = 60 540
Hard browmn sand = - - o 8 1205 Heavy clay = = - = 20 560
Hard gray lime - - = = 4 15 1220 Sandy clay = = = = 60 620
Conglomerate with lime - 37 1257 Sand with clay
Red clay = = = = = = = 4 8 1265 nodules = = = = = Lo 660
Hard conglomerate - = A 2 1267 Sand and gravel - - 20 680
Red clay = =~ = = = = = - 8 1275 Artesian water-
Sandstone (artesian - bearing sand and
water flowing 20 gpm) - 95 1370 fine gravel = - = 120 800
Hard sandstone = = - = - 70 1410 Heavy clay with
Red beds = = = = = = = = 45 1485 few boulders - -~ - 70 870
TOTAL DEPTH .| 1485 | |TOTAL LEPTH 870
(D=9-15)15aad (D-9~17)25bdd
Dry conglomerate - - = - 680 680 | |River sand and silt 20 20
Porphyry water-bearing River gravel = - - e 60
(heavy water 770-786') 106 786 River gravel & clay
Hard rock = = = = = = = L9 835 (2L C3Le get) = = 20 80
TOTAL DEPTH 835 | |Heavy clay with
little gravel - - Lo 120
Heavy clay = = = = 200 320
Sandy clay e = = = 140 1160
(D=9-17)2dcb Sandy gypsum = - = 20 180
Lake beds with occas- Gypsum sand (water -
sional sand stringers- in hole after
water at 250!, = = = - 250 250 BET1) = e e e 60 540
Lake beds, (light gravel Gypsum sand with
Bl BOOIY o o o 350 600 clay nodules - - - 60 600
Lake beds with occas- Clay and sand - - - 28 628
sional sand stringers., Coarse sand with
Caved badly = = = = = = L25 1025 artesian water - - 12 €L,0
TOTAL DEPTH 1028 | |Fine sand ~ = = = = 60 700
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Table 16.-=Logs of representative wells in Lower San Pedro basin--continued.

Thickness|Depth Thickness | Depth
(feet) |(feet) (feet) (feet)
Coarse sand with clay (D=12-18)13caa
Seams = = = = = = = = 120 820 | |clay boulders - - - 70 70
Coarse sand and gravel Lo 860 Sand gravel & water 25 95
Sand & clay seams but Clay gravel = = = = Lo 135
no increase in water Possibly water - - 15 150
flow. Flow increased Conglomerate-tight 15 165
steadily from 628! to TOTAL DEPTH 165
T L 95 | 955
Hard clay =~ = = = = = 10 965
Running fine sand but
no increase in water (D=12=21)2Tcd
flow = = = = = = = = 2 967 Boulders and black
TOTAL DEPTH 967 AT it o e o 55 55
Red conglomerate - 335 370
Sand and gravel
water = = = = = = 5 375
_ (D-11-19)10dc Yellow clay = = = = b 380
Soil & boulders - - - 20 20| |Hard conglomerate - 10 390
Cgle-seep of water on Sand water = = = = 10 LL00
top of volcanic - - = 122 L2 Conglomerate = = = 10 410
Volcanics(?) like TOTAL DEPTH 410
"Galiuro red rock" - 158 300
TOTAL DEPTH 300
(D=12-21)36ca
Sand, gravel and
(D-12-19)32ddd lava boulders - - 200 200
River gravels = = - = 80 80 R Wi o om e 8 365 565
Silts = = = = = = = - 170 250 | |Caving sand & clay 5 570
"Rock" = = = = = = =~ = 625 875 GLEF = = il = 95 665
TOTAL DEPTH 875 Hard 1apa = = =.~ = 5 670
Sandstone = = = = - 53 el
TOTAL DEPTH 723
(D-13=22)28bc
Clay and boulders - - 27 27
Conglomerate = = = = = 790 817 (D-1L-20)6daa
Water sand carrying Surface sand = = = 2 2
8 gl = = =i - 5 622 | lclay - =« & mimie 36 38
Conglomerate = = = = = e 91l Sand (water) = - - 32 70
Dry sand = = = = = = = 98. | A0L2 | |e0aw el e 10 80
Conglomerate - = = - - 63 | 1175 | |Very hard granite
Granite conglomerate - 5 1180 coiglomerate.
TOTAL DEFTH 1180

Pardee reports this
to be very similar

to granite cgl. up

Teran Wash, llore




Table 16,~-Logs of representative wells in Lower San Pedro basin~-continued

Thickness|Depth Thickness| Depth

(feet) |(feet) (feet) | (feet)

likely it is a Soft granite = = = ~ - 25 410

local granite Hard granite = = = = = 10 1120

boulder lens = = = - 20 101 | |Soft granite = = = = - 5 L25

TOTAL DEPTH 101 | |Hard granite = = = = = 20 LL5

Soft granite (fault
gOUgE) = = = = = = = 5 L50
(D-14-21)19cac Hard granite (water at

Decomposed granite - - 20 20 LEO fte) = = = = = = 10 L60

ledium hard granite - 180 200 | |Soft granite = = = = = 10 L70

Low granite (water Hard granite = - = = - 9 L79

270 to 275 ft.) = ~ = 80 280 TOTAL DEPTH . L79
Joft granite = = = - - L5 325
Hard granite - = = = = 60 385
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Table 17.-—Analyses of water from representative wells and springs in Lower San Pedro basin, Ariz.
(Parts per million except specific conductance and percent sodium)

Specific | Total
Depth | Tem— conduct— Mag— | Sodium hard—| Per—
Well or Date of of pera—| ance(micro- | Cal-— ne— and Bicar- | Sul- Chlo-| Fluo—| Ni-- Dis— ness | cent
spring no.Jcollection| well ture mhos at cium| sium | potassium | bonate | fate |ride |ride trate|solved| as SO—
(feet)| (°F.) | 25° ¢.) (Ca) | (Mg) (NafK) (HCOS) (soy) |((c1) [(F) (NOB) solids CaCOB dium

Waters from Lower San Pedro flood plain
(D-5-15)

2lich 9-50 331 84 1540 79 28 234 355 378 92 2.3 0.3| 1030 | 312 | 62
(D-8-17)

Tgay 9-50 46 o 665 51 12 g1 oug 109 18 3.0 2.2 M3 | 176 LeBU
(3-11-18)

15a 9-50 30| 68 609 €0 14 56 250 96 11 I8 7-1] h4oo | 207 | 37
(D—14-20) oy

3hc 10-50 -} 78 387 33 16 29 204 20 12 0.8 4,61 ahz |- 1ug | 29
Waters in vicinity of Aravaipa Creek
(D-6-16)

124 9-50 af 67 981 g6 18 112 300 228 28 2.8 3.4 666 | 288 | L6

35¢ 2-hH1 a/ 70 571 T4 13 33 251 82 10 1.0 2.6 378 | 238 | 23
(2-6-17)

13d 10-50 b/ 60 438 5l 8.3 33 253 17 8 Lo o.4] 287 | 168 | 30
(L-1-16)

11a 10-50 87| 66 518 70 13 25 269 41 10 1.2 3.60| 337 | 228 | 19
Artesian waters south of Mammoth
(D-8-17)

32daa 10-50 1485 | 108 683 12 g 133 11y 152 Lo 5.6 1.1] kW 36 | 89
(D-9-17)

1lhcdd 10-50 4| 88 8717 ug 4.dq 140 176 212 IRl 6.0 1.2| 590 | 1uo | 68

2ldc 10-50 S5y 516 12 1.6 101 127 93 27 6.0 1000 el 36 | 86
Waters from older alluvial fill ]
(D-8-15)

3 451 al | 67 391 861 25 193 5.6 18 | 0.8 | 19 237 | 152 | 26
a/  Spring. -
b/  Aravaipa Crecek.

Seep
Repor

in tunnel.
ted.




Table 17.-—AnaXyses of water from representative wells and springs in Lower San Pedro basin--—continued.

' Specifie Total
Depth | Tem— conduct- Mag— | Sodium hard-|Per—
Wwell or ’‘|Pate of of pera— | ance(micro—| Cal— ne and Bicar- | Sul- Chlo—~| Fluo—| Ni- Dis— ness |cent
spring no.Jcollection|well ture |mhos at cium |sium | potassium| bonate | fate ride {ride trate|solved| as so—
(feet)| (OF.) | 25° C.) (Ca) |(Mg) | (NafK) (HCO%) | (S0y) | (C1) |(F) (NO3) | solids| CaCO3|dium
(D-8-17)
T 36a o-51 -1 75 498 1.5/ 1.6 109 /185 9.1 7.0|30 16 1Y 10 | 96
(D-8-18)
17a 5-H1 a/ 69 878 102 39 36 23 257 15 0.5 14 618 | 415 | 16
(D-10-17) -
15bb 6-51 285 | 71 396 42 16 21 235 6.00 10 0.4 3.2 243 | 171 | 21
(D-10-18)
7b 6-51 390 | d/hot 819 38 2.4 14 172 167 51 9.0 0.7| 541 | 105 | T4
(D—12-21)
“Tila 11-50 e 67 384 36 12 32 231 5.8 8 0.8 0.6 265 | 140 | 33
(D-13-18)
Taaa 1-H1 140 | 65 4og 66 9.4 1% 234 23% 6 0.2 g.2| 260 | 20% | 12
(DL15-21)
a 11-50 a/ 109 287 4.0/ oO.4 68 £/173 4.9 L4 2.0 1.3 218 12 | 93
2laba 7-51 250 | 67 296 33 12 1Y 172 L.2 8 0.6 4.0 197 | 132 | 18
Water from Cretaceous (?) — Tertiary (?) sedimentary rocks - e
(D-13-20)
23dc 5-5H2 o gL 11700 168 T4 2830 263 | 4600 (1330 1.6 1.9 9160 | 724 | &9
Waters Ifrom volcanics
(D-8-18) )
10c 551 ¢/ 78 1200 119 | 72 I 66 579 20 2.1 0.2| 902 | 593 | 1k
(D-8-19)
3la 2-51 a/ 6L 426 4g | 16 2y 275 3.3l 6.0] 0.2 0.2| 299 | 186 | 22
Water from pre-Cambrian and Paleozoic sedimentary rocks
(D-7-18)
8a 5—H1 a/ 62 W17 50 | 19 12 250 7.2 | 10 Qa2 3.3 261 | 203 | 12
Water from diorite )
(D-8-18)
11b 5-H1 af 74 11C0 124 | 57 U7 6L43 79 25 0.3 1.4| 700 | 5u4 | 16

¢/ Includes equivalent
f/ Includes equivalent

of 22 parts per million carbonate (C03).
of & parts per million carbonate (003)'
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Table 17.-—Analyses of water from representastive wells and springs

in Lower San Pedro basin——continued.

Specific Total
Depth conduct— Mag— | Sodium hard—-|Per—
Well or {Date of of ance(micro-| Cal- ne— and Bicar- | Sul- Chlo—|Fluo~ ness |cent
spring nodJjcollection|well mhos at cium | sium | potassium | bonate |fate as SO0—
(feet) 2r° C.) (Ca) | (Mg) | (Wa/K) (HCO3) |(sOy) CaC0 3| dium
Waters from granitic rocks
(D-8-1L)
Hheed 4-r1 70 1700 110 43 218 371 386 | Us2 | A1
(D-9-15)
36d 8-l49g 22y 594 55 19 51 322 13 | 215 | 34
(D-15—-21) ‘
19cac 11-50 644 923 33 35 132 373 80 , 218 | 57
Water from schist
{(B=15-19) i
e 5-51 a/ 698 93 22 35 ik 28 | 322 | 19
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UPPER SANTA CRUZ BASIN, PIMA AND SANTA CRUZ COUNTIES
By P. W, Johnson

Introduction

Location and extent

The Upper Santa Cruz basin described in this report is the Arizona por-
tion of a larger basin that extends from within Mexico northward about 90 miles
into Arizona. This basin is bounded (pl. 11) on the north by the drainage
divide between streams that enter this basin and streams that enter the Lower
Santa Cruz and Lower San Pedro basins; cn the east by the Santa Catalina,
Tanque Verde, Rincon, Whetstone, and Huachuca Mountains and the Canelo
Hills; on the south by the International Boundary; and on the west by the Atas-
cosa, Tumacacori, Cerro Colorado, Sierrita, Tucson, and Tortolita Mountains.
The alluvial basin is about 45 miles wide at the widest part and includes an
area of about 1,700 square miles.

Land forms and drainage

The Santa Cruz River, the principal stream of the basin, is an intermittent
stream that heads in the San Rafael Valley in Arizona., The river flows south-
ward into Mexico for about 20 to 30 miles, turns west and then north, and
enters Arizona at an altitude of about 3,700 feet, 6 miles east of theCity of
Nogales, The river continues to flow northward in a long, serpentine arc,
with gradients ranging from 15 to 40 feet to the mile. The greatest gradient
is in the southern part of the basin, The Santa Cruz River, when first seen
by white men, was reported to have been a “live” stream, but since then,except
for flood flows, it has been dry owing to the lowering of the water table. As
the Santa Cruz River flows northward, it receives inflow from five major tri-
butaries; Sonoita Creek, Nogales Wash, Sopori Creek, Rillito Creek, and Cafiada
del Oro Wash,

The mountains forming the boundary on the east side are much higher than
those on the west, Altitudes range from 4,000 to 9,000 feet, and it is in these
mountains that heaviest precipitation falls, The total area of hard rock within
the natural drainage divide of the basin is approximately 1,300 square miles,
The bottom=-land portion of the basin along the stream channels is roughly 12 to
18 miles wide at the widest part, about 80 miles long, and includes about 600,000
acres. Most of the cultivated land and most of the irrigation wells are within
this area,

Bryan (1923, pp. 74-76) describes some of the physiographic features of the
Upper Santa Cruz basin as follows:

The lowland is composed of long ridges and flat-topped spurs

extending from the bordering mountains toward Santa Cruz River and

its tributaries.... Between the ridges are sharp walled, terraced can-

yons, which lead to the flat inner valleys along Santa Cruz River and

its two main tributaries, The flat floor of Nogales Wash is from an
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eighth to half a mile wide, a moist and fertile meadowland which

narrows in places but grows wider downstream until it merges

into the similar floors of the inner valleys of Santa Cruz River

and Sonoita Creek, In these flat meadows the streams have cut

narrow, steep-sided gullies from 10 to 30 feet deep.

The bluffs bordering these flood plains show a double terrace,

the upper one coincident with the sloping ridges and the lower

about 50 feet above the flood plains, The upper terrace is in

places covered with thin alluvium, The lower terrace is every-

where capped with 10 to 20 feet of gravel, From Calabasas to

the mouth of Sopori Creek, Santa Cruz Valley is from 8 to 12

miles wide. Long-dissected slopes lead down to an inner val-

ley bounded by bluffs., Near the mountains, the side streams

flow in deep gorges through narrow pediments, and lower down

they occupy flat-bottomed valleys bounded by bluffs of alluvium,

The floors of the tributaries join and merge with the flocd plain

of Santa Cruz River, This flood plain is 1to 2 miles wide, and

through it the stream flows in a steep-walled channel from 10 to

20 feet deep .... Forty miles to the north, near Tucson, the inner

valley, with its flood plain and the narrow trench in which the

river runs, is bounded by ragged bluffs about 25 feet high, From

the tops of these bluffs, the alluvial slopes sweep upward to the

mountains....

From Tucson northward the bluffs bounding the inner valley

of the river decrease in height and near the north end of the

Tucson Mountains disappear, Similarly, the trench in the flood

plain becomes shallower, and the Santa Cruz in flood spreads

widely over great adobe flats in which the main channel is so

obscure that its mapping is arbitrary.

It is to be noted also that the Santa Cruz River does not follow the axis of
the basin, Heavy deposition of alluvial sediments from the east, related

to the greater height of, and greater precipitation on, the mountains on

this side, has pushed the stream channel in places almost to the base of the
mountains on the west, This is evident particularly in the reach of the riv-
er from about 10 miles south of Tucson to the Rillito narrows.

The Santa Cruz River leaves the Upper Santa Cruz basin through a
“narrows’’ between the Tucson and Tortolita Mountains, This narrows is
referred to in this report as the ‘‘Rillito narrows.’”” There is a natural
subsurface structure here which forms a partial barrier to the downstream
movement of ground water,

The tributaries of the Santa Cruz River are mostly ephemeral streams
throughout their courses., Caflada del Oro Wash drains the western slope
of the Santa Catalina Mountains and the eastern slope of the Tortolita
Mountains, These higher slopes receive considerable snow and rain, The
runoff from these sources usually causes Cafiada del Oro to have a small
flow in its upper course during the early months of the year.

Big Wash, the principal tributary of Cahiada del Oro, extends northward
and drains a wide upland area which lies north of the Santa Catalina
Mountains, The wash has a sandy channel which is more than 100 feet wide
along the eastern base of the Tortolita Mountains,
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Rillito Creek is the largest contributor of water to the Santa Cruz River,
which it joins about 6 miles north of Tucson, Although the creek name is
applied to only the lower part of the stream, its main channel and tribu-
taries drain an area of 934 square miles, including some of the most moun-
tainous areas bordering the basin,

In a few places along the channel of Rillito Creek, notably in secs, 30
and 32, T, 13 S,, R. 15 E,, the underflow comes close to the surface, proba-
bly because of an underground constriction,

Pantano Wash is the largest tributary of Rillito Creek; it drains the
northern slopes -of the Santa Rita Mountains and the western slopes of the
Empire Mountains,

Sopori Creek drains the northwest slopes of the Tumacacori, the eastern
slopes of the Cerro Colorado, and the southern slopes of the Sierrita
Mountains, The lower two-thirds of the stream course is in a narrow allu-
vial valley and contains two or three constrictions which bring the underflow
near the surface,

The southern part of the Santa Rita Mountains is drained chiefly by
Sonoita Creek, whose headwaters are separated from those of Cienaga Creek,
a tributary of Rillito Creek, by a gentle divide near the town of Sonoita. The
upper part of Sonoita Creek is in a narrow alluvial valley bordered by ter-
races of outwash gravel, Below Patagonia the narrow valley ends, and the
stream channel is in a rock-walled canyon for several miles; thence it emer-
ges into a narrow valley tributary to the Santa Cruz River Valley.

Nogales Wash is the uppermost western tributary of the Santa Cruz River
in Arizona, The stream heads in Mexico, flows through the two Cities of
Nogales on the International Boundary, and through a narrow alluvial valley
to its junction with the Santa Cruz River about 8 miles north of Nogales,
Ariz.

Between the Patagonia Mountains on the west and the Huachuca Mountains
on the east, is the wide upland area of the San Rafael Valley, Here the Santa
Cruz River has its headwaters. Numerous nearly parallel washes come
from the east and west to join the main channel, which extends southward
through the center of the valley and enters Mexico at an altitude of about
4 600 feet,

Geology

The descriptions of general rock types as given in Part I, ‘‘Regional
geology,”’ of this report are applicable to the rocks composing the mountain
masses and the valley fill in the Upper Santa Cruz basin, The distribution
of the rocks, together with their water-bearing properties, are shown on
plate 11,

The generalized geology presented in plate 11 was taken from the geolo-
gic map of the State of Arizona (Darton and others, 1924), and from open-
file data from the Geological Survey (Moore and others, 1941).

Hard rocks and their relation to ground water

The mountains which rim the lower part of the basin are predominantly
composed of rocks of the crystalline and metamorphic complex., These
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rocks cccur in the Santa Catalina, Tanque Verde, Rincon, and Santa Rita
Mountains on the east, and the Tortolita and Sierrita Mountains on the
west, Pre-Tertiary sedimentary rocks form the main body of the Empire
and Whetstone Mountains, the Canelo Hills, ahd the west side of the
Huachuca Mountains, Cretaceous (?) or Tertiary (?) volcanic rocks are
present in most of the mountains and seem to comprise a greater portion
of the ranges toward the southern end of the basin, Associated with these
rocks are numerous dikes, sills, and necks which range in composition
from rhyolite to diabase., Younger volcanic rocks of Quaternary age are
present in the Tucson and Sierrita Mountains and, perhaps in small
amounts, in some of the other mountains that rim the basin,

Joints and other fractures, as well as composition, texture, and depth
of weathering in the hard rocks of these mountains, control the possible
small yields of water to wells and springs. Some limestores in the
Rincon, Empire, and Whetstone Mountains contain springs temporarily
yielding as much as 200 gallons per minute during periods following
heavy rains. Two springs in limestone in the Canelo Hills have sustained
flows of 1560 and 750 gallons per minute, In places, water issues from
springs close to outcrops of fractured schist along the fronts of the Santa
Catalina and Rincon Mountains, The largest of these springs yield about
150 gallons per minute; however, the average discharge is less than 25
gallons per minute, Lavas and tuffs absorb water from precipitation and
runoff, and discharge this water from fractured zones into the stream
channels cut into these rocks,

Pediments are well developed in the Upper Santa Cruz basin, Pedi-
ments of sufficient extent to influence local runoff and ground-water
movement occur at the north end of the Empire Mountains, in the southern
part of the Cerro Colorado Mountains, on the northeast slope of the Sierrita
Mountains (pl. 11), and on the southeast slope of the Tortolita Mountains,

Valley fill

The valley fill in the Upper Santa Cruz basin consists of both older and
Recent alluvial fill, It is difficult in many places to distinguish these two
types of fill from a study of well logs.

The greatest depth to which the older alluvial fill has been penetrated
in this basin, according to logs on file in the Geological Survey, was in
well (D-15-15)25caa which was drilled to a depth of 1,480 feet (table 20).
The well log indicates that the older fill is cemented at depth, and no
thick clay series was encountered, Well (D-16-17)35bd, near the railroad
station at Pantano, was drilled to a depth of 1,380 feet, and encountered
materials which were so tightly cemented that the well did not produce
enough water for use by the railroad. Known depths of other deep wells in
this basin are less than 1,000 feet.

The greatest depth of older fill is probably between Tps. 12 and 20 S,,
Rs. 12 and 16 E, South of T, 19 S., the valley along the Santa Cruz River
is relatively narrow, and the thickness of valley fill is probably much less
than in the area to the north. Bedrock crops out in the channel of the Santa
Cruz River in T, 23 S,, R. 14 E,
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From these logs there is no evidence to show that a lake covered this
valley at one time in the history of deposition, as in many of the other basins
in southern Arizona. The absence in the well logs of a uniform thickness of
clay bears this out, although these materials are noted in a few logs, However,
lake beds may have been deposited in this basin at depths below that of present
deepest penetration, Locally, small lakes or playa flats may have existed in
which silt and clay were deposited.,

On the basis of logs of deep wells and geological reconnaissance of the
basin, it is believed that the older alluvial fill in most areas of the basin will
yield water in quantities sufficient for domestic and stock wells, In some
places there are yields of about 500 gallons per minute, in properly constructed
and developed wells,

Recent fill overlies the older alluvial fill in the stream channels and flood
plains of the basin, to depths of from a few inches to as much as 300 feet. In
general, the thickest deposits are in the channels of the Santa Cruz River,
Rillito Creek, and Pantano Wash, Logs of most wells in these areas show
thickness of Recent fill generally ranging between 75 and 150 feet, Most of
the irrigation wells in the valley develop all their water from the Recent fill,
A few wells yield as much as 3,000 gallons per minute, Infiltration galleries
constructed in the channels of Sonoita Creek, Sopori Wash, Santa Cruz River,
Rillito Creek, and Pantano Wash develop water from the Recent fill,

Ground-water hydrology

Source and movement

General statements regarding ground-water hydrology are presented in
Part I, ““Regional hydrology.”’ The principal source of water is precipita-
tion in the mountainous areas. A small percentage of the precipitation finds
its way into the ground-water reservoir by penetration of the coarse sediments
along the mountain fronts and by percolation from surface flow in the stream
channels, Ground water moves downhill along the hydraulic gradient from
areas of recharge to areas of discharge., The slope of the water table varies
but in general conforms to the topography of the area, The ground-water
movement is perpendicular to the water-table contours and the general di-
rection of movement is northwest (pl. 12).

Recharge

Recharge to the Upper Santa Cruz basin is by infiltration from runoff along
the mountain fronts, seepage from surface flow in the main stream channels,
direct infiltration from precipitation, seepage from canals and irrigated lands,
and underflow,

Infiltration along mountain fronts.--Recharge along the mountain fronts oc-
curs as infiltration from runoff from about 1,280 square miles, or about
820,000 acres, of mountain areas, Precipitation in the mountain areas averages
about 18 inches per year, Runoff from the mountain areas is assumed to be
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10 percent of the precipitation. If recharge is assumed to be about 50 per-
cent of the runoff, recharge from this source in the Upper Santa Cruz basin,
is of the order of 65,000 acre-feet per year,

Seepage from main stream channels--Estimation of recharge by seepage
from surface flow along the main stream channels is based on calculations
and experiments conducted in the Upper Santa Cruz basin in 1940-41 (Turner
and others, 1943, pp. 45-47) and gaging-station measurements in the basin
for the period 1940-51, The 1940-41 data collected in the basin showed that
essentiallyall the loss from stream flow was recharged, During the period
1940-41, loss from surface flow along the Santa Cruz River was estimated
by Turner and others to be 61,000 acre-feet, Comparison of stream-flow
losses for the period 1940-41 with those for the period 1940-51 shows that the
average loss of stream flow for the 12-year period was slightly more than two-
thirds of that for the period 1940-41, Using these data, the average recharge
from stream flow along the Santa Cruz River in this basin was estimated to
be approximately 45,000 acre-feet per year during the 12-year period.

Direct infiltration from precipitation,--Recharge from precipitation in the
mountain areas has been discussed above., Direct infiltration fran precipita-
tion on the desert floor is believed to be negligible in the average year. Some
recharge may occur by direct infiltration from precipitation on permeable
Recent alluvial fill, but no quantitative data are available,

Seepage from irrigated fields and canals.--Recharge by seepage from
irrigated fields and canals in other parts of southern Arizona has been esti-
mated on the basis of field experiments to be between 10 and 33 percent of
the water diverted, On the basis of soil conditions within the Upper Santa
Cruz basin, it is assumed by the author that from 10 to 20 percent of the
water diverted and used for irrigation is recharged. During the period 1947-
51, about 105,000 acre-feet was used for irrigation annually, based on an
average of about 30,000 acres under cultivation, and a duty of water estimated
from Department of Agriculture data to be about 3.5 acre-feet per acre per
year. Assuming that 105,000 acre-feet per year was used for irrigation in
the period 1947-51, and assuming that 10 percent of this constituted ground-
water recharge, the amount recharged each year would be about 10,000 acre-
feet, If the proportion recharged was 20 percent, the quantity would be about
20,000 acre-feet per year.

Underflow.--Underflow into the Upper Santa Cruz basin at the International
Border was estimated to be about 1,000 acre-feet in the year 1940-41 by
Turner and others, (1943, p. 53). Calculations based on data collected since
1941 indicate that this estimate is of the correct order of magnitude,

Discharge

Discharge from the ground-water reservoir takes place by both natural
and artificial means. The natural discharge is through evaporation,trans-
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piration, springs, and underflow, and artificial discharge is from punged wells,
Evaporation-~-Losses by evaporation from the ground-water reservoir are

considered negligible, Losses by evaporation prior to recharge from runoff
were considered in making the computations of recharge from runoff,

Transpiration.--Discharge from the ground-water reservoir through trans-
piration or evapotranspiration by native vegetation and phreatophytes de-
creases as the water table is lowered, With the increase in the amount of land
which has come under cultivation since 1941 and the organization of local inter=-
ests to foster the systematic eradication of phreatophyte areas, it is believed
that the loss has decreased about 20 percent from previous estimates (Turner
and others, 1943, p, 83), and currently is assumed to be about 12,000 acre-feet
per year.

b

Springs.~--Water from springs in the basin is used for domestic and stock
purposes and to irrigate small areas, These springs are not only a means of
discharge from older rocks but also a source of recharge to the alluvial fill,

It is believed that the discharge tends to balance the recharge and they have been
omitted from the calculations. No estimates of total discharge by springs can be
made because of a lack of quantitative data,

Underflow from the basin.--The underflow out of the basin at Rillito narrows
was estimated to be about 3,000 acre-feet in the year 1941, (Turner and others,
1943, p. 56). On the basis of a decrease of about 20 percent in the saturated
thickness of the alluvium caused by lowering of the water table at the Rillito
narrows, the average underflow out of the basin during the period 1947-51 is as-
sumed to have been about 2,500 acre~feet per year, Calculations based on co-
efficients of permeability determined since 1941 corroborate this estimate,

Underflow out of the San Rafael Valley into Mexico was roughly estimated to
be about 2,000 acre-feet per year,

'rrigation wells.--The pumping of water from irrigation wells accounts for
most of the discharge from the ground-water reservoir in the Upper Santa Cruz
basin, A total of about 35,000 acres was irrigated in 1952 by water pumped from
about 1,000 irrigation wells. Many of these wells are used to irrigate only a
few acres each, Most of these wells are 40 to 500 feet deep, yield from 150 to
3,000 gallons per minute, and have an average pumping lift ranging from 80 to
100 feet (table 19). In certain heavily pumped areas the maximum lift is 235 to
250 feet. Most of the wells are equipped with turbine pumps and electric motors
or natural gas or diesel engines, with horsepower ratings ranging from 30 to
250, The wells and the irrigated areas are concentrated along the Santa Cruz
River and Rillito Creek (pl. 11).

The depth to ground water ranges from a very few feet to more than 500 feet
and averages about 150 feet in the valley as a whole, The depths to water are
shown on plate 13.

The total amount of discharge from the ground-water reservoir was about
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140,000 acre-feet in 1951, of which about 20,000 acre-feet was exported to the
Lower Santa Cruz basin, The figures for ground-water withdrawals published
annually by the Geological Survey are tabulated by counties, and those figures
therefore do not correspond with figures given in this part of the report, Dur-
ing the period 1947-51, it is estimated that an annual average of about 105,000
acre-feet was used to irrigate about 30,000 acres in the Upper Santa Cruz
basin, During the same period the average annual amount exported to the Lower
Santa Cruz basin was about 18,000 acre=-feet,

Other tvpes of wells,--Other types of wells that account for the remainder
of the pumpage in the Upper Santa Cruz basin are listed in order of decreas-
ing amounts of ground water pumped--public-supply, industrial, domestic, and
stock wells,

There are a total of about 115 public-supply wells which serve a popula-
tion of 163,000 in Tucson and vicinity, The 40 City of Tucson wells range in
depth from 118 to 510 feet and discharge about 250 to 1,250 gallons per minute,
Wells belonging to private water companies vary greatly in size, depth, and
capacity., Total pumpage in Tucson and vicinity was about 28,000 acre-feet in
1951, The City of Nogales wells and infiltration gallery are about 6 miles
northeast of Nogales and serve a population of about 6,600, The total pumpage
from this system was about 9,000 acre-feet in 1951,

A collective estimate of 14,000 acre-feet was made in evaluating the quanti-
ty of ground water pumped for industrial, military, domestic, and stock
purposes in 1951, Most of the industrial wells are located in the Tucson area,
None of the industries require extremely large supplies of ground water and
most of the water is used for personnel and in cooling systems. Ground water
used at Davis-Monthan Air Force Base is included in this estimate,

Pumpage from wells, 1947-51, --Pumpage from wells in the basin during
1951 totalled about 191,000 acre-feet, and is summarized as follows:

Type of wells Acre-feet
Irrigation 140,000
Public-supply:
Tucson 28,000
Nogales 9.000
37,000 37,000
Industrial
Domestic } 14,000
Stock
191,000

Total annual pumpages for the period 1947-51 are given below:

1947 156,000
1948 155,000
1949 154,000
1950 176,000

1951 191,000
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On the basis of these quantities, the average annual discharge from wells in
the Upper Santa Cruz basin during the period 1947-51 was about 166,000 acre-
feet.

Recapitulation of ground-water resources in the Upper Santa Cruz basin,--
The following summary of estimeted gains and losses to the ground-water
reservoir in the entire basin during the 5-year period 1947-51 is given for
convenience and to evaluate the order of magnitude of the difference between
gains and losses.

Estimated Annual Estimated Annual
Gains to Reservior Acre-feet Losses from Reservoir Acre-feet

Infiltration at moun-

tain fronts 65,000 Discharge by pumping:
Irrigation 105,000
Exported _ 18,000
Public supply 3
Industrial 43,000
all others 166,000
Seepage from sur-
face channel runoff 45,000 Underflow out of the basin:
Rillito narrows 2,500
San Rafael Valley 2,000 4,500
Underflow into kasin 1,000 Evapotranspiration 12,000
Springs e Springs T
Seepage from irri-
gation 20,000 =10,000
Total gains 131,000 - 121,000  Total losses 182,500
or approximately 125,000 KRounded to 182,000
Total gains 131.000 = 121,000
Net annual loss from 51,000 - 61,000
storage ;
or
approximately 55,000

This recapitulation shows thatthere was not enough ground water recharged
annually to meet the demands of discharge, and that the difference was made
up by the removal of ground water from storage.

Storage

> and ‘‘underlying storage’’ discussed in

are not applied to the Upper Santa Cruz basin.

The concepts of ‘‘latent storage’
Part I, ““Regional hydrology,’’
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No estimate for latent storage is made because of inadequate data in certain
parts of the basin, and no estimate for total underlying storage is made be-
cause of the large amount of water pumped for purposes other than irrigation
in the vicinity of Tucson. However, an estimate of underlying storage is made
for the effective area pumped for irrigation and other purposes, as outlined
on plate 14,

The coefficient of drainage in the ground-water reservoir in this area has
been estimated to be 10 percent (U. S. Geol. Survey, 1951, p. 8). Using the
approximate totals of losses and gains from the recapitulation of ground-water
resources, the amount of water removed from storage during the period 1947-
0l amounts to approximately 275,000 acre-feet; total discharge of approxi-
mately 900,000 acre-feet less total recharge of approximately 625,000 acre-
feet. The volume of sediments from which this water was removed was cal-
culated, on the basis of water-table decline data (pl, 14), to be about 2,500,000
acre-feet, These approximations result in an estimate of 11 percent for the
coefficient of drainage which bears out the previous estimate of 10 percent,

The amount of ground water in storage as calculated for this report, is the
product of the effective area of pumping for irrigation and other purposes, the
average thickness of saturated sediment within 300 feet.of the surface, and the
coefficient of drainage. This effective area pumped contains about 400,000
acres; the average thickness of saturated sediments is about 150 feet; and the
coefficient of drainage used was the approximate 1l percent, On this basis,
the amount of ground water in storage below the water table and within 300
feet of the surface is estimated to be about 6,600,000 acre-feet,

Fluctuations of the water table.--The over-all ground-water picture in the
Upper Santa Cruz basin is one of decline, A large part of the information on
water-level decline in Pima County was obtained by the Agricultural Engineer-
ing Department, University f Arizona, Tucson, Ariz. The amount of decline
for the years 1947-52 is shown on the water-table-decline map (pl. 14). The
areas of greatest decline are along the Santa Cruz Kiver and are centered in
the heavily pumped and irrigated areas about 5 miles north of Tucson, about
6 miles south of Tucson, and near Sahuarita, Some areas of small declines
are located along the mountain fronts near the areas of heaviest pumpage, and
there are local areas where the water table rose slightly (pl. 14).

The general decline in water levels is also illustrated by hydrographs of
nine wells for the period 1940-52 (figs. 11 and 12). The hydrographs for wells
(D-13-13)28add, (D-15-13)2cc, (D-17-14)18ca, and (D-19-13)3baa are representa-
tive of the areas of maximum decline. The maximum decline over the ll-year
period 1941-51 was about 30 feet; the maximum decline during the 5-year period
1947-51 was about 20 feet, as illustrated on plate 14,

Well (D-12-12)16bad, located near the structural barrier that forms the
Rillito narrows, illustrates fluctuations from periods of heaviest pumpage dur-
ing the summer months to periods of greatest recharge during the winter and
spring months, Most of the recharge is from waters of the Santa Cruz River.
In general, successive water-level seasonal highs are progressively lower

each year,
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Table 18.--Declines in the water table for L years, 1947-51, compared with 1
year, 1951-52, in representative wells in most of the irrigated
areas of the Upper Santa Cruz basin, Pima and Santa Cruz Counties,

sl
Location 19,7=51 1951=52 Location 19, 7=51 1951=52
(D=12-12) 17ad o3 1.9
bd Toli 15.6
8ab 3.9 5.9 (D=15-13)
15db T b LaT7 3ad 133 3.1
33ac 6.4 8.4 10db 3.4 642
33ad ik 168 2lcd 2.0 G
27dd 3.3 0.7
(D=12=13)
“ihda. 6.2 2e? (D-15-1);)
18aa 5.8 3.7 ab 1.9 0.l
29be 8e7 350 30cc 1l L 1.0
32bd 8.7 349
(D-15-15)
(D=12=1l1) 20bc 13 0.3
L Jeb 12,6 245
(D=15-16)

(D-13-13) Taa 8.5 Tat
2bd 7 o6 246
7ad 137 Bl (D-16=13)

13dd 18.5 32 36d 6,1 I
1lich 15.8 562
19dd 15,6 5.6 (D-16-1L)
21bb 15,3 Tt bb o 0.8
25ab 14,7 3.0 18de 2.9 0.8
2730 13.2 703 32bd 7-5 2.3
33dab 167 59
36beb 0.7 li.8 (D=16-15)

36b 1.6 13,2
(D=13-1)) .
31bd 1.6 2.9 (D=17-13)

13ba 10,0 1.2

(D=13-15) 26bd 5.8 b

27ba 2 o2 2.6

31db 8,8 0,2 (Dl bl }

‘ Tcd 1.8 200

(D=14=13)
3cab 2l 10.3 (D=18~13)

23ac T ol ol 1bc 6.0 3.2

3lida 746 1.1

(D-19-13)

(Dulhi~1h) 9ac 12,5 0.8
1dda BT LT 29¢cb 3Rl 1.l
Tbda 15 .5 Lok

22abb 8.3 2ol (D-20-173)
353 3"4 3-5 Ed i 307 Ool
32be L8 0.6

(D-1L-15)
9cd b q 1.8 (D-22-13)

B;dc 209 S.O
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Little or no decline is shown by the hydrograph for well (D-23-14)19bcc,
in an area of small withdrawals at the upper end of the basin, The decline
in this well during the years 1941-45 is attributed to drought, Well (D-22-13)
3bdcd is a heavily pumped well that shows a similar pattern.

A small rise in the water table is shown by well (D-13-14)25dd, This well
is located in the narrow area of water-level rise along Rillito and Tanque
Verde Creeks (pl. 14). This area is recharged by flood waters originating in
the Santa Catalina Mountains and by runoff from Pantano Wash,

Acceleration in decline of the water table in most of the irrigated areas is
apparent when water-table declines for the year 1951 are compared with de-
clines for the period 1947-50 (table 18), Declines during 1951 were greater than
the average declines for the preceding 4 years, an increase not fully attribut-
able to the increased withdrawals of ground water from storage in 1951 (figs,

11 and 12). This acceleration of the rate of lowering of the water table may
possibly be due to decreased permeability and a decreased coefficient of drain-

age, with derth.

Quality of water

Chemical character of the ground water

The ground water of the Upper Santa Cruz basin contains moderate amounts
of dissolved solids consisting largely of calcium and bicarbonate (table 21).
Concentrations of total dissolved solids range from about 100 to about 950 parts
per million, and of hardness range from 75 to about 350 parts per million,
Analyses of water sampled for public-supply use in the Tucson area range in
total dissolved solids from 177 to 484 parts per million and in total hardness
from 94 to 220 parts per million, An analysis of a sample of water supplied to
Nogales in 1951 showed 333 parts per million of total dissolved solids and a
total hardness of 214,

Concentrations of dissolved solids do not appear to increase consistently
downstream, though a local increase exists in the vicinity of Rillito narrows.
In some places, concentrations of dissolved solids decrease at the confluence
of the Santa Cruz River with some of its major tributaries and appear to in-
crease again downstream from the confluence,

Relation of quality of water to its use

The ground waters in the Upper Santa Cruz basin are rated as excellent to
good for irrigation purposes and are satisfactory for domestic use except for
moderate hardness, The fluoride content of the ground water is generally
within the limits of safe domestic use, although two springs along the front
?f Agua Caliente Hill have a fluoride content of 6.5 and 9.6 parts per million
table 21).
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Problems

Extensive ground-water investigations in the Upper Santa Cruz basin have
not been carried on by the Geological Survey, The Agricultural Engineering
Department of the University of Arizona has been collecting ground-water
data in the Pima County portion of the basin for several years, To avoid dupli-
cation of effort the Federal Survey makes only an annual pumpage inventory
and periodic water-level measurements in selected observation wells,

Better information is needed about the total quantity of ground water in
storage and the total annual discharge and recharge. Some of the factors about
which more data are needed, and the type of data required, are as follows:

1. Extent and character of the alluvial fill, particularly at depth, Geologic
mapping of the basin is required in order to delineate pediment areas,
areas of greatest potential recharge, and the structural character of the
basin,

2. Deep test holes are needed to determine if thick clay beds are present, if
deep aquifers exist, and the quality of ground waters at depth, Samples of
drill cuttings should be collected and examined,

3, Pumping tests and laboratory tests are required to determine more exactly
the coefficients of drainage and transmissibility of the alluvial fill,

4, A complete inventory of all wells and springs should be made, to bring the
records up to date. Electrical-conductivity or gamma-ray well logging
should be done in the deeper holes, and all available drillers’ logs should
be collected. ey

5. The feasibility of artificial recharge of the ground-water reservoirs
should be determined.,

6. Additional well-discharge measurements are needed to improve the
accuracy of the annual pumpage inventory.

Summary

The Upper Santa Cruz basin is a north-trending basin about 90 miles long
and from 20 to 45 miles wide., It is bordered by mountains that rise abruptly
to altitudes of 4,000 to 9,000 feet, The mountains on the east are much greater
in elevation than those on the west, receive more precipitation, and furnish
most of the recharge to the area,

The valley was formed by block faulting, and later filling of the downfaulted
trough by detrital material eroded from the uplifted blocks, The Santa Cruz
River and its five major tributaries drain the valley,

Ground water is obtained from unconsolidated sands and gravels in the val-
ley fill,

Recharge to the ground-water reservoirs of the basin is supplied by infil-
tration from runoff and springs along the mountain fronts, seepage from sur-
face flow in main stream channels, direct infiltration by precipitation, seepage
from canals and irrigated lands, and underflow, The average recharge for the
b-year period 1947-51 was estimated to be in the order of 125,000 acre-feet
per year,

Water is discharged from the ground-water reservoirs by both natural and
artificial means, Natural discharge is by evaporation, transpiration, springs,
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and underflow. Artificial discharge is by pumping for irrigation, public
supply, and industrial, domestic, and stock use, It is estimated that the total
average discharge was 180,000 acre-feet per year for the period 1947-51.

The water table has declined steadily in most of the basin since 1939,
The most heavily pumped area is north of Tucson, where declines of more
than 30 feet have been measured, The declines in the water table indicate
that ground water is being removed from storage. The average amount of
ground water taken from storage in the period 1947-51 was estimated to be
about 55,000 acre-feet per year,

Analyses of ground water in the basin show moderate concentrations of
dissolved solids. The water is considered excellent to good for irrigation,
and is satisfactory for domestic use except for moderate hardness and ob-
jectionable fluoride content in local areas,




Table 19.-—Records of representative wells in Upper Santa Cruz basin, Pima and Santa Cruz Counties, Ariz.

Water level Discharge
Depth below Date of Gallons| Date of
Well Depth of land-surface measure—|{ Type of| Use of Log on | Analysis per Measure- Remarks
No. well (feet) datum(feet)E/ ment 1ift D waterﬁ/ £i9a on file minute ment
fD-12-12)
5cb 333 d/1ko - - RR X - 4a/100 T
14bch 311 d/200 6/ 48 G, B D L X - T
16bad 200 T 99.45 2-20-52 | None N - - - = | Hydrograph,fig.12
33aa 153 141.02 2—-20-h2 | None N = = = =
(D-12-13)
2Baaa 296 166.72 1-24 Ko T.B T i = = =
(D-13-13)
17da 96 40.29 2-19-40 T,E I —~ X = -
2ldce 251 69.77 3-3-52 B ? 5. = S i
28add 168 66.38 12-17-51| ¢,B D - - = |Hydrograph,fig.1l2
35bea 228 86.29 =3-h2 TR T 4 - - <.
(D-13-11)
22cd 60 - » T, R D8, 1 = s 487 5/ 41
25ddd 16 8.59 2-20-52 | None N - - - ~ _Hydrograph,fig.l2
27cdc 190 45.35 2.2552.| m,E I R = 306 | 6-13-5z
35bac 2ko 33.19 2-26-52 | T.R T X = - =
(D=13-15)
3laa 60 11.39 5-0-l1 C,B D,I 2, X 384 | 5-9-l1
32abd g5 12.05 2—-26-R72 T.E I = - - =
(D-14-12)
T - 113 78.68 3-17-40 g.6 N - X = =
(D-14-13%)
SR 7, T 400 la.05 3-3-52 T,E I = ¥ = =
26bbb 130 37.37 1-21-52 | T,B I - X 5| %449
35bd 114 48. 74 9—26-Y47 | None N - X £ =
E/ Depth was adjusted to land-surface datum from measuring point.
b/ T, turbine; Cf, centrifugal; C, cylinder; Bu, butane; G, gasoline; D, diesel; &, electric; W, windmill.

E/ I, irrigation; P, public supply; D, domestic; §
d/ Reported.

» stock; RR, railroad; N, not used.




Table 19.-—Records of representative wells in Upper Santa Cruz basin--continued.

Water level

Discharge

Depth below | Date of Gallons |Date of
Well Depth of land—-surface | measure—| Type of | Use of | Log on | Analysis per measure— Remarks
No. well (feet) |datum(feet)?/| ment Lifd E/ water® file on file [minute ment
(D-1h-1k) ¥
hddc 200 4/105 9/51 T,B P - X - -
- 9dc 502 - o= = = X - = -
16baa 323 d/128 9/50 T,E P X - 4/540 9/50
25¢ch s 211.9 2-2F-h2 7,8 P - = = =
- (P=14-15) |
aac 280 97.80 2—-26-H2 T,B I X - - -
2baaa 4op . 311.20 2452 C.B D = = = =
(D-14-106)
" F1bbe 500 266.18 2-L4_p2 C.HW S = = — =
(D-15-13)
2ce 105 54.88 2—-26-52 None N - - - - Hydrograph,fig.12
3adc 142 57.70 1-21-52 T,BE I X - — -
10dbb 14 51.95 3-11-52 T,E I X - 420 | 6-6-52
15dce 200 h2.27 1-21-72 T,E I X - 219 | 3-26-52
(D-15-15)
gdb 318 257.90 2 _25-h2 None N X - - -
25caa 1, 480 401.02 2-6-H2 C.G RR. X - - -
(D-15-16)
2laab 500 L5 %_5-5K2 7.,D I - - = =
(D-16-1L)
19bba 250 55. 46 1-15-52 T, B I - - 1214 | 5-21-52 |P.L. 70.1,7-1-52
30cce 200 58 . 2k 10-5-39 T,B I - X 632 |7-14-l1
3ladc - 60.65 1-15-R2 T,E I - e 810 | h.7.52
(D363 . -
35bd 1,380 " - 7 RR 2 - - i Dry
(D-17-13)
2hace - 66.88 1-15-52 T,G I - X 1090 | 4-26-L46




Table 19.--Records of representative wells in Upper Santa Cruz basin--continued.

Water level Discharge
Depth below Date of Gallons | Date of
Well Depth of land-surface measure—| Type of | Use of Log on | Analysis per measure— Remarks
no. well (feet) dutum(feet)a/ ment 1ift b/| water cf file on file |minute ment
(D-17-1L)
bddd 200 78 .89 11552 7,8 I X - 1660 | L4-7-52
18acc 182 68.14 1-16-52 T,k I X X 615 | 4b-7-52
18ca TU 68. 31 h=1-H2 None N - i - . [ Hydrograph,fig. 11
(D-18-13)
1llhcda 302 79.98 1-17-52 T,k § X 9 - -
24bbb 215 71.1% 1-17-h2 T,k I X = 1130 | fo5 L3
(D-19-13) .
Zbaa 246 79.83 2-19-52 | 1lone N X < - — | Hydrograph,fig. 11
9acd 189 45.69 2-21-K2 1B S b - - =
(D-20-12)
2cbb 270 139.11 1-28-R2 lone S & - = -
(D-20-13)
19cda 150 31.20 1-22-52 B I X = 1105 | 6-19-52
32bcce gL 36.89 F—-10-K2 T K F - X = "~ | Hydrograph,fig. 11
(D-21-13)
7abb % - - T,D I i X 705 g/u1
32cc o 36.02 I T E I - % -
(D=22-13%)
9bc 88 3127 10-24-39| Cf,E D - X ~ -
3lacd 200 37.22 1-28-52 T B I X - 5 s
%hdcd 90 43_.70 0y (e T R T = = b Hydrograph,fig. 11
(D-23-1L)
19bcc 21 11.8 12:8-511 of ¢ I 2 3 = - | Hydrograph,fig. 11
3lach Lg = — T.G I %, ¥ el = =




Table 20.,--Logs of representative wells in Upper Santa Cruz basin, Pima and

Santa Cruz Counties, Ariz,

Thickness| Depth Thickness| Depth
(feet) | (feet) (feet) | (feet)
(D-12-12)5¢cb Cemented clay conglo-
Sand boulders and merate = = = = = = = 10 125
cement gravel - = ~ o 25 25 Hard cemented conglo-
Sand = = = = = = = =~ o 15 Lo merate = = = = = = - Lo 165
Cement gravel = = = = o 15 55 Sandy red clay, con-
Boulders = = = = = = -+ 10 65 glomerate = = = =~ = = 10 175
Boulders and sand - - o 20 85 Sand and gravel (water) 5 180
Sand and gravel (first Grey clay conglomerate 20 200
water) = = = = = = o 15 100 | |Rocky conglomerate may
Gravel and boulders - - 15 115 carry stringers of
Boulders = = = = = = - 5 120 Water = = = = = = = = Lo 21,0
Rock = = = = = = = = 4 ik 131 TOTAL DEPTH 2l0
Sand = = = = = = = = =~ 100 231
Cement gravel - = = - = 35 266
Clay = = = = = = = = 59 325 (D-1L~1L)9dc
Gravel = = = = = = = = 8 333 Caliche = = = = = = = = 8 8
TOTAL DEPTH 333 Cemented red sand - - - T 85
Red sand and clay - = = 35 120
Sand and clay (struck
(D-13-13)21dce water at 126') - - - 15 135
SOil = = = = - - - 8 8 Red sand and clay - - = 7 12
Sandy brown clay - - - 7 15 White sand and clay - - 23 165
Gravel and sand, boulders 15 30 | |Little sand and clay
Coarse gravel = = = - = 9 39 (water) = = = = = = = 13 178
Brown clay and gravel - 16 55 Loose white sand (water 12 190
Sticky brown clayy, gravel Red clay and sand - - - 20 210
struck water at 56! - 35 90 Hard sand shell - = = - 5 215
Brown clay, large boul- White sand and clay - - 16 231
ders, some gravel,tight 35 125 Red sand and clay =~ = 17 2L8
Clay and boulders, Loose sand (water) =~ = 6 25l
little gravel - = = = 25 150 White sand and clay - - 13 267
Red clay, gravel, some Hard sand shell = = = = 3 270
boulders = = = = = = 37 187 Red clay and sand = = - 16 286
Red clay and gravel, Hard sand shell - - - ~ L 290
loose = = = = = = = = 7 19 Little sand and clay
Red clay and gravel, (water) = = = = = = = 20 310
very tight = = = = = 57 251 Red sand and clay - = = 15 325
TOTAL DEPTH 251 Sticky clay and white
sand = = = = = = = = 5 330
Hard sand shell = = = 5 335
(D=13-1L)35bac Loose water sand,
Red soil = = = = = = = 5 5 white = = = = = = = = 12 347
Grey clay = = = = = = = 12 17 Red sand and clay - - - 12 359
Rocky sandy yellow clay 25 L2 White sand and clay - - 1 373
Sand and gravel (water) 8 50 Loose water sand,
Sandy brovm conglomerate 10 60 White = = = = = = =~ = 16 389
Muddy sand and gravel Red sand and clay - - - 11 Loo
(water) = = = = = = = 10 70 Hard sand and shell - - 5 Lo5
Brtown conglomerate with White sand and clay - - 13 L18
layers of sand 1' to 2!
thick (water) - - - =| 45 | 115



Table 20,--Logs of representative wells in Upper Santa Cruz basin-continued

Thickness| Depth Thickness| Depth
(feet) | (feet) (feet) | (feet)
Hard sand shell = - - o 3 L21 Sand shell = = = = = = 2 220
Clay, sand and boulders Fine shell = = = = = = 5 225
(little clay and Sand shell = = = = = = 15 21,0
water) = = =~ = - = o 18 439 | |Shell = = = = = = = = = 6 26
Red sand and clay - - - 2 LL1 Packed sand = = = = = = L 250
Hard sand shell - - = - 3 jnnn Sand, boulders, clay - 2 262
White sand and clay Sticky sand, clay - = = 3 255
(water) = = = = = - - 13 457 | [Sand shell = = = = = = 5 260
Red sand and clay - - o 7 LEy | |Boulders, sand, clay - 10 270
Hard sand shell - - - - I L 68 Sand shell = = = = = = 6 276
Sand and clay - - = - o 17 485 Sand and gravel = = - = 2 278
Loose clay and sand Boulders - clay = = = = 1 295
streaks (water) - - 4 13 1,98 Red clay - sand = = = = 5 300
Clay and boulders - - - L 502 Sand, gravel, clay - - 5 305
TOTAL DEPTH 502 Sand shell = = = = = = al 306
Sand, clay = = = = = = 2 308
Packed sand = = = = = = 15 323
(D-1l-1L)16ba TOTAL DEPTH 323
SOl = = = = === - o 2 2
Caliche = = = = = = = = 22 2L
Sound clay = = = = = o 26 50 (D-15-13) 3adc
Boulders, clay = = = = 10 60 Black s0il = = = = = = 18 18
Sand = = = = = = = = o 5 65 Pack sand = = = = = = = 6 2L
Boulders = = = = = = = 5 70 Boulders and gravel - - 10 3L
Caliche = = = = = = = = 10 80 Gravel = = = = = = = = 12 L6
Sand, little clay - - - 5 85 Clay and gravel - - - - 8l 130
Boulders = = = = = = - 2 87 Boulders and gravel - - 8 138
Sand, clay = = = = = - 26 173 Red clay = = = = = = = L 1,2
Cement shell = = = = = 2 115 TOTAL DEPTH 142
Sand water - - - - = - 3 118
Dirty sand = = = = = - L 122
Clean sand = = = = = - 3 125 (D-15-13)15dcc
Red clay -~ sand = = = - L 129 TOpSOil = = = = = = = = 10 10
Coarse sand - boulders Fine sand = = = = = = = 2 12
clay = = = = = = = - 1 136 Dry gravel and sand - - 30 L2
Cemented coarse sand -~ 2 138 Brown sandy clay = -~ = 20 62
Sand clay = = = = = = - 7 145 Gravel (water) - = = = v 63
Sand shell = = = = = = 5 150 | |Red sandy clay(gravelly 72 135
Red clay = = = = = = - 3 153 Light grey conglomerate 30 165
Sand gravel = = = = = = ! 160 Yellow clay packed = - 13 178
Gravel, clay, boulders 5 165 Gravel (water) = = - = | 179
Cemented rock = = = = - 1 166 Light yellow conglomerate
Sand, clay, boulders - 2 168. (hard) = = = = = = = 21 200
Sand shell = = - = - - 3.5 | 171.5 |TOTAL DEPTH 200
Sand packed - boulders 22,5 | 194
Sand shell = = = = = o 1 195
Sand - little clay = - 5 200 (D=15-15)8db
Sand shell = = = = = < 2 202 SO0ll = = = = == = = - 2 2
Sandy clay - gravel = - 16 218 Clay conglomerate = = = 8 10




Table 20.--Logs of representative wells in Upper Santa

Cruz basin--continued

Thickness| Depth Thickness| Depth
(feet) | (feet (feet) | (feet)
Sandy conglomerate - 70 80 Yellow clay = = = = = = 15 1,00
Yellow clay conglo- Cemented gravel = = = = 10 L10
merate = = = = = = Lo 120 Yellow clay = = = = = = 3 L13
Muddy, sandy, conglo- Cemented clay - - = = = 5 418
merate = = = = = = 65 185 Gravel = = = = = = = = 6 L2l
Hard clay conglom- Yellow clay = = = = = = 6 430
erate = = = = = = = 10 195 Cemented gravel -~ - = = 10 Lo
Sandy clay conglo- Clay === = = = = = = 30 L70
merate = = = = = = 65 260 Cemented gravel = = = = 8 L78
Fine water sand - - = 10 270 Clay = = = = = = = = = 28 506
Sandy conglomerate, Cemented gravel = = = = 20 526
carrying water - - 30 300 Clay = = = = = = = = = b 530
Clay hardpan - - - = 12 312 Cemented gravel - - - - 5 535
Water sand (water) - 2 31 Clay o == = = = = = = 20 555
Hardpan = = = = = = = I 318 Cemented gravel = - = = 8 563
TOTAL DEPTH 318 Clay = = = = = = = = = 22 585
Cemented gravel - = - - 5 590
Clay = = = = = = = = = 70 660
(D=15-15)25caa Cemented gravel = = = = 10 670
Caliche and boulders 13 13 Clay = = = = = = = = = 10 680
Yellow clay = = = = = 6 19 Cemented gravel and
Caliche and sand = = 6 25 boulders = = = = = = L5 725
Yellow clay = = = = = L 29 Water gravel (water
Caliche and sand - = 16 L5 rises to 132! level) 143 868
Yellow clay = = = = = 35 80 Cemented gravel = = = = 3 871
Gravel = = = = = = = 6 86 Cemented clay = = = = = 33 9ol
Yellow clay = = = = - 10 96 Cemented gravel = = = = L6 950
Gravel = = = = = = = L 100 Clay = = = = = = = = = 15 965
Yellow clay = = = = = 19 119 Cemented gravel = = = = 10 975
Gravel = = = = = = = 8 127 Cemented clay = = = = = 37 1012
Yellow clay = = = = = 18 145 Cemented gravel and
Gravel and boulders - 5 150 boulders = = = = = = Lh 1056
Yellow clay = = = = = 10 160 Clay = = == = = = = = 19 1075
Gravel = = = = = = = L 16l Coarse gravel = = = = = 9 1084
Yellow clay = = - = - 20 18 Yellow cemented
Cemented gravel - = - L 188 clay = = = = = = = = 396 1480
Yellow clay = - = - - 32 220 TOTAL DEPTH 1480
Cemented gravel - - - L 22l
Yellow clay = = = = = 12 236 '
Cemented gravel and (D-16-17)35bd
boulders = = - - - L 2l0 Gravel = = = = = = = = 60 60
Yellow clay - = = = = 15 25k Clay = = = = = = = = = 140 200
Cemented gravel - - = 3 258 Clay and sand rock - = Lé5 665
Yellow clay = = = = = 22 280 Shale = = = = = = = = = 590 1255
Cemented gravel and Crey sand = = = = = = = 20 1275
boulders = = = = = 3L 31, Bragel o = = = = = = = 10 1285
Yellow clay = = = = = 16 330 Sand = = = = = = = = = 10 1295
Cemented gravel and
boulders = = = = - 55 385
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Table 20,-=Logs of representative wells in Upper Santa Cruz basin--continued

Thickness| Depth Thickness|Depth
(feet) | (feet) (feet) | (feet)
Gravel = = = = = = = - L5 1340 (D=20~13)19cda
Sand = = = = = = = = = 20 1360 Topsoll = = = = = = = = ) 2
Gravel, dry = = = = = - 20 1380 Sand gravel dry = = - - 35 36
TOTAL DEPTH 1380 Water (gravel) = = = = 1 50
Hard red conglomerate - 21 7
Soft clay, red (water) 3 (n
(D=19-13)9acd Grey conglomerate = - = 2l 98
Black s0il = = = = = = 6 6 Clay, soft (water) - - 3 101
Sandy clay = = = = = = I 10 Light conglomerate, grey L9 150
Sand, boulders, TOTAL DEPTH 150
struck water LO! -~ o 30 Lo
Red clay, gravel - - - L5 85
Sandy clay = - = = = = 20 105 (D=22-13)3Lacd
Clay and gravel = - = - 35 10 TOpSOil = = = = = = = = 1, 1,
Cemented sand with Dry sand and gravel - - 16 30
streaks of sticky First water = = = = = = 1t 31
clay = = = = = = = = Lo 180 Hard light grey congl. 67 98
Cemented sand = = = = = 9 189 Second water (2 feet of
TOTAL DEPTH 189 gravel) = = = = = - - ' 100
Yellow conglomerate - - 8 108
Hard light conglomerate 92 200
TOTAL DEPTH 200




Table 2l.-—Analyses of water from representative wells and springs in Upper Santa Cruz

basin, Pima and Santa Cruz Counties, Arigz.

conductance and percent sodium)

(Parts per million except specific

Specific Total
Well Date of Depth | Tem— | conduct— Mag— |Sodium hard-|Per—
no. collection of | pera—-| ance(micro-| Cal-| ne- | and Bicar-|Sul |[Chlo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>