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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 R iver basin and certain other areas in Ar izona. 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 follow s : 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 1?46-51, 
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ing that ground water is being withdrawn in excess of replenishment.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 aquifers tapped 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 suffic iently to make the waters harmful to some crops, 
The problem of salt balance is becoming increasingly important, not only in 
the Salt R iver 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 R iver 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 bas ins occupied by perennial streams, or by streams having 
la r ge 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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INTRODUCTION 

By L. C. Halpenny 

Scope and purpose of report 

The 1952 session of the Arizona Legislature provided for the establish­
ment of aSt8.te 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 CasaGrande, 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 . 
INhere 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 
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summarized herein were collected. The data on qual ity of water were pre­
pared under the gener al supervision of S. K. Love, Chief, Q.uality of Water 
Branch, and under the direct supervision of J.D. Hem, district chemist, 
Albuquerque, N. Mex. J. L. Hatchett, chemist, ass isted Mr. Hem in writing 
portions of this report. Data on stream flow are collected in Arizona by t he 
Geological Survey, under the general supervis ion of J, V. B. Wells, Chief, 
Surface Water Branch, and under the direct supervisio11 of J. H. Gardiner., 
district engineer . 

Authors of sections of this report are individually cred ited. Other mem­
bers of the district staff who contributed s"ubstantially to the prepar ation 
are: M. B. Booher, G. M. Babcock, J. M. Cahill, R . E . Cochrane , R . E . Geer, 
Mrs. G. M. Hoskins, Mr s . R . E . Johnson, Miss B. A. McMahon, J. E . Mernaugh, 
D . G. Met zger, 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 ass istant, contributed substantially to pr eparation of the report . 

Acknowledgments 

The progr am of work in cooperation with t he State Land Department had 
to be adj usted to permit preparation of this report . The cooperation of W. W. 
Lane, State Land Commissioner, in making these adj ustments is gr atefully 
acknowledged. Members of the Underground Water Commission assisted 
in many ways; and particular thanks are due Messr s . E. Ray Cowden, Chair ­
man, and Elmer D . Hershey, Executive Secretary. Messrs . W. F . Guyton, 
N. A. Rose, and R . J. Tipton, consulting engineers retained by the Com­
mission, were helpful in discussing technical problems. 

UTILIZATION OF GROUND WATER IN AR IZONA 

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 year s 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/ F or com_fJaJ'is0n, in 1941 tte VR~ue of c:rops r a is -
ed was $46,600,000 (Barr, 1942, p. 370). This is a greater than sixfold increas e 
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 Ar izona 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 

Irrigation 
Municipal 
Industrial 
Other 

Ground 
Water 

3, 195,000* 
43,400 
38,000 
34.000 

Annual withdrawal 
(acre-feet) 

Surface 
Water 

1,998,000 
37,600 
14,000 
6.000 

Total 

5,193,000 
81,000 
52,000 
40.000 

Total 3,_310,400 2,055,600 5,366,000 
47 ~ 

* 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 

Phvsiographv 

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 (3) the desert region. These are outlined on the accompanying 
map (fig. 1). The plateau region i~ 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 piateau (fig. 1) and con­
sists mainly of rugged mountains c;:ut 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 suita.ble 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. 

Ar izona 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 differ ent 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 30 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 
supplie s 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 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

. 
en 
c 0 

·c;; 
·:; 
·--o 
.0

 
:J

 
U

) 

0 
·-~
 

c
. 

0 ~
 

C
7' 

0 
·c;; ~ 
.r:. 
a. 
C

7' 
c: 
·~ 
..c. 
en 
0 c: 
0 N

 
·.:: 
<t 
..... 0 c. 

~ I 
-



'· •..•••••.••••••.••.•.•.•.•••.••• 

Region and 
sta tion 

PLATEAU 
Fl agstaff 
Holbrook 
Tuba City 

MOUNTAIN 
Payson Ranger Station 
Clif ton 
Roosevelt 

DESERT 
Tucson, Univ. of Arizonc 
Mesa 
Yuma 

------ -- ---- --- - -

Table 1.--Climatological data for Arizona 
(From annual summary, 1951, U. S. Weather Bureau) 

Altitude Temperature ., Precipitation 
(feet Period Per iod 
above of Max . Min. of 

sea record Ave. 1951 1951 record Ave . 
level) (yearo) (OF •) ( ~.) (OF.) (years ) (in.) 

6,903 59 45 90 -8 59 21.2 
5,069 59 55 104 0 61 8.0 
4,936 46 55 104 8 49 6.7 

4,900 39 57 100 - 49 20.6 
3,465 43 67 110 22 60 11.8 
2,200 46 68 112 25 47 15.6 

2.423 60 68 109 25 6o 10.4 
1,245 54 68 112 22 54 7.2 

138 73 74 114 24 82 3.6 

No. of days 
averaging Average 

above evapora-
32° F., 1951 tion( in.) 

93 -
183 -
166 -

108 -
264 -
279 79.87 

264 82.95 
276 80.54 
279 115.41 
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ideal environment. However, the rainfall is insuffic ient for raising crops 
without irrigation, and water must be imported from outside the region or 
pumped from underground reservoirs . 

Geologv 

5 

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 agr icul­
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 pr edominantly 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) In the 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 gr anite, 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 agr i­
culture. 1The 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 obta inable in most pl?-ces, drainage is good, and suffic ient 
lime is present to maintain the soil in good condition except in unusual cir ­
cumstances . 

DEVELOPMENT OF IRR IGATION IN AR IZONA 

By L. C. Halpenny 

Prehistoric agriculture 

Indians have pract iced agriculture in Arizona s ince 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 runoff from floods . In others, crude diversions from surface 
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streams provided water for irrigation. Only in the Salt River Valley anrl ~long 
the Gila River in Pinal County was large-scale farming by prehistor ic Indians 
a success. Possibly as many as 200,000 Indians once lived in the Salt R iver 
Valley, and remains of their ancient canals can still be seen in some places . 

Present-dav 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
tler s in a valley would develop the lands at the upstream end, where runoff was 
less likely to fail in dry seasons. Gradually, as add itional 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. Commo n ly 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 reservoi_rs 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 tcyraise 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 distrkt 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 
forw ard step in the agricultural economy of Arizona. 
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Development of ground water for irrigation 

Lee (1905, p.l2) states that as early as 1900 ground water was being used for 
irrigation in areas where the depth to water w;3.s 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 de'ioloped early in the decade 1920-30 as an indirect result of 
the r eclamation 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 s upplies. 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 effi c ien­
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 Cruz area (pl.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 :?art 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 princ ipal rock types and their water­
bearing properties. 

Regional geologv 

It has been stated that Arizona is broadly divided into three physiogr aphic 
regions: (1) The plateau region, a portion of the Colorado P lateau 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 ar ea of broad valleys and mountain 
ranges in the southwestern half of Arizona . These three r egions 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 fe atures 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 alt ernat ing 
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 dr a in­
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 R iver 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. T he 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 mounta in areas are generally 
high and ruggedly dissected, with steep stream gradients . At the foot of the 
mountains the gr adients flatten abruptly, the gently sloping surfaces being those 
of alluvial f'a ns or, in some ar eas , rock- cut slopes known as pediments . 

In general, the mounta in summits are 3,000 to 5,000 feet above the adjoining 
valley floor s . Mount Gr aham 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 pla in. 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 
t hroughout 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 m ountains is 
only moderately deep. In central and western Arizona the valleys have a much 
greater areal extent than the mountains; the valley slopes r:tre 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 t he 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 ar ea s a r e import:.mt in that they r educe , in proportion to their 
extent, the storsge capacity of the ground -water reservoirs in the valleys ad ja ­
cent to them . Alluvi2l surfaces t h::; t ar e underla in by ped iments must be ex ­
c luded in comput ing the ar ea of sediments beneath which ground water is stor ed, 
because the bedrock surf ::1ces of the ped iments are 2Jmost everywhere far above 
the level of the water ta ble in the va lle ys . 

Geologic history 

The occurr ence of ~round water in southern .tH izona is closely related to the 
post - Cr etaceous geologic history of the rock unit s of the region. L 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 form s a 
scheme that is indispensable for the orderly description of the rock unit s of the 
earth. T he grouping is shown her e , with estimates for the time in mill ions of 
yea r s s ince some of the rocks were la i-:l down (Miller, 1941, p , ~ 1): 

h OCk P' rOUPS 

Cenozoic rocks 
Quaternar y system 

L ecent ser ies 
P leistocene s E: ries 

'"r' ertia r y system 
P liocene ser ies 
Miocene ser ies 
Eocene series 
.t?cleocene series 

Mesozoic r ocks 
Cr etaceous system 
Jurassic system 
Tr iass ic system 

~· pproximate date of begin­
ning of time unit shown 
(m illions of vea r s arTo) 

1 

50 

200 

Paleozoic r ocks 500 
Permian system 
Car bonife r ous system 

Pennsylvanian series 
Miss is sipp ian series 

L evonian s yste m 
~; ilurian system 
C rdovici2n sys tem 
Cambri2. n system 

p - -, b . ~ k 2 000 _.1:.§ Cam__r_1£.n roc_s ___ _ _________________________ . ___ _ 
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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 forin 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 
earJ.y and ·middle Te'rtia:ryi.: time1 is believed :oo have -formed the general outlines 
of the Basin and Range structure. It is proba ble that moveme·nts have cor"tin­
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. T he 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, cons ist of: (1) The 
crystalline and metamorphic complex; (2) pre-Tertiary sedimentary rocks; 
(3) sedimentary rocks of possible Cretaceous or Tertiary age; (4) Tertiary and 
Quaternary terrace deposits; (5) Tertiary and Quaternary alluvial fill; (6) Re ­
cent alluvial fill; (7) volcanic rocks of Cretaceous or Tertiary age; and 
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(8) Quaternary volcanic rocks. 

Crystalline and metamorphk complex. --The complex 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 Mounta ins. 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, q~artzite, 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 cont act with rocks of older or younger age. They may contain 
ground water in small quantities. 

Tertiary or Q.uaternary terrace deposits. --Small exposures of Tertiar y or 
Quaternary terrace deposits occur in the Salt River Valley area. These deposits 
are composed of river gr avels 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 Q.uaternarv alluvial fill. --The sedimentary rocks of Tertiary 
and Quaternar y 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 gr ade 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 adj acent drill holes are likely to penetrate entirely dis ­
similar materials at any given depth . 

An exception to the irregular sequence is t he 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 ts 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 moderate yields . 

Recent alluvial fill. - -The flood plains of the present streams are underlain by 
Recent alluvia l 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 . 

r'-;·etaceous (?) 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 int erbedded 
with sedimentary materials and in some places the pyroclastic materials form 
a large percentage of the detrital deposit s. No volcanic rocks of pre - Cretaceous 
age have been reported in the areas mapped except as fragment s 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 irr igation in a few places. 

Quaternarv 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 
consider able 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 transmiss ion of ground water. 

Common misconceptions about geologv 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 a r e offered not as opinions but as unqualified stat ements 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 cf 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 
tr emendous fa ult that is s upposed to extend from the vic inity of Camp Verde 
in Yavapa i County to the Gila R iver 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 fo r 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 thr ow 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 r egion. 

These misconceptions have no basis in fact. They are opposed to the 
fund amental laws of physics and to long-established, thoroughly proved 
geologic concepts of the structur e 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 occur rences 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 
encour:.tering underground r ivers 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 hap it been possible to substantiate the 
reported conditions after careful investigation in the field. 
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Regional hvdrologv 

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 gr~in 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. Nonartesi an 
aqu'ifer s 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 per iods of drought. 



16 
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 dischar ged from the older fill 
in areas where water in the older fill is under greater hydrostatic pr essure. 
The older fill r eceives water from the Recent fill along stream channels at the 
m ar gins 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 rechar ge of ground water 

Water is rechar ged to the ground-wat er reservoir in the individual basins 
from several sources. These are: (1) P recipitation; (2) surface runoff; 
(3) underflow from outs ide the basin; (4) seepage from irrigated lands and 
canal s; and (5) seepage from springs . 

Rechar ge from precipitation.-- It is generally accepted that the ultimat e 
source of ground water is precipitation. Precipitation in the desert region of 
Arizona is only a fr act ion of the potential evaporat ion, because of the arid eli­
mate . The low r atio 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 r ocks . Experiments have demon­
strated that normally precipitation on the desert surface of the alluvial fill 
does not apprecia bly recharge the ground-water reservoirs, though considerable 
direct r echar ge may occur in exceptionally wet years . The water is lost 
ma inly by evaporation and transpiration, and even after heavy rainfall the 
soil gener ally is dry a few inches below the surface. T he water gener ally does 
not penetrate below the soil and root zone to the ground-water reservoir be ­
cause the infrequent r a infall seldom saturates the soil and because in places 
impervious clay or caliche underlying the surface prevents the downy.rard per ­
colation of moisture. 

Precipitation on irrigat ed lands may provide recharge at times when pre ­
viously applied irrigation water has saturated the soil , and at places where 
no impermeable barriers to downwar d per colation exist . F urthermore, pr e­
cipitation on irrigated lands conserves the water supply indirectly by reducing 
the need for additional applications. 

Although precipitat ion on the desert area normally does not result in 
appreciable recharge, it is important in providing a part of the water for t he 
runoff which is the major source of r echarge in many areas of Arizona. 

Recharge from surface runoff.-- Under natural conditions, the principal 
source of rechar ge to the alluvial fill of the desert region of Arizona is surface 
runoff. Rechar ge from runoff is greatest in washes issuing from the mountain 
front s and in the center s of those valleys that conta in a through-flowing stream 
underlain by Recent alluvium. 

Recharge along the mountain front s occurs where the runoff in .stream 
channels crosses coarse permeable materials of the older a lluvial 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 . ll); 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 
thro-qgh the Recent 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 thGse 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 under lying 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, g~ound water 
establishes a gradient somewhat more gentle than the gr adient 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 f:rom a few feet to a 
few thousand feet per year. The most rapid movement is generally bas inward. 
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 
ad 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 hs..ve been filled with alluvial . 
material to a level a bove the hard-rock divides separating them, \A/here 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 thou!3and 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. 

Lar ge 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, 
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of several species are: Saltcedar, 7.2; cottonwood and willow, 6.0; baccharis, 
4.7; and mesquite, 3.3. These dat8. 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 



20 
csmtinues to drop, withdrawal of ground .water will become· progressively more 
d1fflcult 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 amount of 
ground water available for irr igation, 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 
Sllpplies 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 undoubtedly 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 figure s 
for underlying storage as given in this report are considered a maximum, 
possibly obtainable under ideal conditions of uniform aquifers, scientific well 
spacing, an.d rigorous control of exploitation. The figur es for underlying 
storage cannot be corstrued 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. 



• • • • • • 
• • • • • • • • • • • • • • • • • • • • • 
• • • • • • • 

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 
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 gra ?ity 
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 progress ing at the approximate r ate 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 artesjan 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 hou:rs. 

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 reduce 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 J, D. Hem 

An important feature of ground-water investigations is determination of 
the chemical quality of t~e 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 thP. 0eological 
Survey determine on}.y the chemical properties of the waters. 

The ground water in Arizona is derived from rain and snow 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 c onduct an electric current and, indirectly, of the concentration of 
mineral matter. It is reported in micromhos. 

Significance of constituents in water analvses 

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 is present 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- I 
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 l 
sample to an electric current measured under definite conditions. I~eneral, 
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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 rec iprocal ohms or mhos, but to avoid inconvenient decimais, micro­
mhos or millionths of mhos are commonly used. Because conductance is 
affected by temperature all values are adj usted to 25° Centigrade. 

Relation of the qualitv 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 m'atter 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. WEr;cx (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 class ifications apply to 
that water. The following table, a lso from Wilcox (1948, p,27) shows limits of 
boron for various classes of water: 

CROP GROUPS 
Classes of water Sensitive Semitolerant Tolerant 

ppm ppm ppm 
Excellent (.33 <.67 <1. 00 
Good 0.33 to .67 0.67 to 1.33 1.00 to 2.00 
Permissible .67 to 1.00 1.33 to 2.00 2.00 to 3.00 
Doubtful 1.00 to 1.25 2.00 to 2.50 3.00 to 3. 75 
Unsuitable > 1.25 >2.50 >3.75 

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 plant s 
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- \11 

tion to the ground-water reservoir will be carried away, but in poorly drained I~ 
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. {V 

Water having a high sodium percentage reacts with the soil to which it is )c; u/ c,... 

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 us·e 

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 
;nillion 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 
mariy 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 :::tudies 

The quality-of-water work is a vital part of the study of the ground -water 
resources of Ariz ona . The significance of the quality of water to the water 
user has been ment ioned . 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 similar ities of chemical character to surface or ground 
waters of a ~ributary basin , suggesting that ground water from the tributary 
basin is moving into the main basin. In some places these relations are so 
definite that t he quantity of inflow may be estimated through the use of water 
analyses and other pert inent 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. 

Discharge of dissolved solids from basins 

To be permanent any irrigation development should provide for removal by 
dr ainage 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 geolvgy 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 a well. These instruments provide data from which the relative 
permeability of the water- bearing materials and the quality of the water can be 
esti~ated, Electric-logging instruments are not adapted to collecting data in 
cased wells, Gamma -ray-logging instruments can be used in cased or uncased 
holes. 

Hydrologic data 

Collection of data 

Well records.--Records are made for all wells visited by personnel of the 
Ground w ·ater 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 add itional 
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 embodies an abbreviated 
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 townships 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 following the quadrant letter signifies the township; for the well record 
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9-185 
(October 1950) 

s Cl..,1'\0i!. 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
WATER RESOURCES DIVISION 

WELL SCHEDULE 

Date -------------------! ______ _,1_.,4---l A..., IP.~L Field No. _lj__ 
Reoord by •••••...• B.l.L __ C...al L.rn..a.n____________ Office No.---­

Sou...,. ol data .... JJ .... .nLI':..... ....... ... -------- t.D -.HI.:.!.l.ll.a..bh 

I . Locmion: State _____ _Ar:::i .'l...________ County ••••••• P.. i t.H.&..L ..•.•.••••.• - ... 

Nlol~~~;:;:~~:::::~~--:~-;:::::-;·==:;;::::·j;;·:::=::::i~~-:::::::t 
2. OumeJ:: _____ J.h..n.. .. _ .Q.g __ e.,._____ Addreaa __ LhG.~n.i.l.L.. _______ _ 

Tenao' •..•••. lUc.hDtr.<L.& .e... Ad<hou _____ .£._Lo-¥-----------
Driller •..••.• J!.i.U ... J. D.h..e...5...------ AddreN J...a.s.._A .nw.e.).-.s..,.t..ct.lj+ ~ 

S. Topographu_.£l.o.:f-~--------------------- e: " ~ " 
4. Bl<ooati<>n •. l1.b.'J.O--- "· oer0w _.1La_ _ _l,._y_,.L .. ---+--- -----~----
5. TJJ'Pil: Dug,~riven,bored,jetied •..•.•. 19ll ! c. ! cl 
G. Depth: Rept. ____ 2...3..5' .•. ft. Meu . • ~.2. •• ft . 1· ~ 

7. ::,_;~~ ;;:~;;,:~ :.:=:~~~-~:~~ , ---·r-- ---·-r ·---
8. Chief Aquifer ..S.a..n.Lo.hd...!=-r.ca..w•IFrom ---1-Z~-- rt. to __ :2..3 . ..1 •• ft. 

Otbcrs -----=-----------------···--····-------------------------········-· 
9. Water level .1.1:..!:/..·.R.IJ. rt.@-.. .J.tt..!, ... .LL 19 .• ~~~------­

_.:f-.a..p.._.Af __ $-A.~.i.n.!l-------- ------ which i.e ••• .JLD __ ~eurl'aoe 
10. Pump: T ype __ c;_~lir.uJ.e. .r.. .•...•..•.. Capaclty ----------G. M. ------··--

Power: K ind ... .W1n..cLm..iJ1. ______________ Horsepower ·-·-·-··········-····· 

11. Yield: Flow ---------- G. M., Pump ...•. 2...---· G. M., Meu., Rept€!i) ------

Drawdown .•. .1 .•.•• ft. after •••.. ..Z. .....• hours pumpiog ____ _____ Z...,-.. - ... 0. M . 

12. Use: Dom.,Q PS., RR., Ind., Irr.,@ -----------------------------

Adequacy, permanence···---~-------------------------------------
13. Quolity ______ -lJa. ___ ~_-:!ll.I.JL->.i..l .. _________________ Temp--"-~------•F . 

Taste, odor, color _____ Q,.Il. ....... ______________________ Sample ~.2:-.I.L: .. Y..l 

Unlit co,--------=-------------- ---·-------------------------- ---~~;~ 
1'- Remarlu: (Log, Analyaea, etc.) --··········-··----·············--·-·····-·-----
~------_J,·~-Q11!2.__E.i.l.e.. ..... _ ......... _. _______ _______ _ 

..... 
M.,-11116 

A 

Sco ... pl~ 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL. SURVEY 

W A TER R ESOURCES BRA NCH 

WATER LEVEL MEASUREMENTS (Offioe) FI.:LD No. ___ lj ____ _ 
(D · !D-t) f alJb 

OPrlCE No. ···---------
OwNSR _______ J.oh.n ... D.o.e.. .. ___________________ _ 

L<x:.&TtoN .b1Jtl.~4-.. lbl?+ .. H.( •• 
1~4:. • ...S..c.'-'.8, .Lo.s.. ,a.E. PaonCT S.All.t-«L_Ci.r.Y. J. 

MmAstmmo PoiNT .Top. .. o.f. .. c...a.s..i.b..g..7 . Lf.. t. •• .a...b.ca.li.e......I..C1..D.d... . .s.JJ.r . .f . 

EL&VATION Or M mAStJBlNO POINT ........ h.~~-~--- -~-_2--····-·-··············-- ··----

D .ua B oua DaPTB TO EU1".0F W&r n Mau. Ra¥UI.S 
W&ra a 8UUA.CI liT (Ne.rb:r•el.bpu~UpiDf,ete.) 

)'-_[.8.:.~!. ... .Z...p-.•• LU •. ~IL J,.S:.S. I.~L. ll.hJ ---------- ------------

2..:.ti=S:l .J.Q..Cl-• • l~_'hU.. JL$.<1-.J.~ JI.J...~ -------······-······-····· 

~~-.4,:_+. .. L<U~-- .. LS:.~o. .. 45-3.7~.7-*. c:AlC ----------------

2.-:J.o-=.1,!1 .••. 5.. p ... .L!..z ..... !?l. -~3..Jo.L tt.A..J. --------------------------

2..-:J.l:-.~li .J ...... -~~0. .1,..~1-JA.- .P.D.~ ------------------------

1 ~-1.<1~ __ Lp.- . .l."l.Q...t8 .. . J..S.U.-~4. .l.~ii -------------------------

2::J1=.4Z ___ t_,..___ .. U..L..8-R.. .. t, . .:L~J~.li. E.IUI .---------------------

4::5:_+.1 . . .J.!?..<L .J.l.L.U... JJJ.6~_+.1. ~E.l: --------------------­

'l::ll.S:.'- __ !]_q_ __ .J .. 8~.o.A!1 ... f..$J.Z,,_~~-- "--.Il. ----------------------------

Z;.tc .. 'i-.8 ____ l..p .. . .l.I!L3.6 . -'+:U..'L:1..6 .. HJ!.a J:'..~ .. ir..r~-P."-"'1'"--'-"m:V ft' 
~=-~:.~~ ____ _,_,.___ ____ :: ___________ ::__ ___ 111>..~ . .e.u.m.pJ.n.g __________ _ 

:CJ~.i-'1 --.l4>-- . .1.~.3. •• 811. _l~_i: __ liA.II ·-------------------------------

2.;1S...,Sl .... J.p_ .. .Z..P..Z~Z~- -'~~-U..:.8.5 .. t .t..M. ----------------------------­

~:.Z.bU __ 'I_Q __ ..Z..O.ld!L 4.1:.1\ .'L~.L .E..Lti -----------·---------­

~~-.'!:.H. __ !~!\.. __ :u._~_._'l.!.. J.,_+._._.hli: .. £.L..tj --------- ------------

~.: l1-Jl ___ •J.~. - -=----- ______ -:-_____ .l.a ./l.q....<LL .2..3.Z....f.iL. 

c 

Reverse Side of Well Rec.ord 

o.- i ller-s loy 

o-30 So i I 

3Q- 35 Calic.he. 

35-60 Sa"d.."-" ste~we.l 
60- '10 Clcty 

~o-~~ CQiic.he. 

~3-118 .Sand."'- S"'UV.._\ 
116-130 Cl<ty 

130•1"0 .Sancl."'-yr-u.vel 

, .. 0 - 1"75 Cl<ty 

175·t'5 SCIII'\cl ... ,-ro.vel 

2-IZ..-4-S New i .-ri*Jd.+ion well 'la..h-li . f. . P. O. Q . 

8-12.-+5 Jh!.sample.d...r-e.por+c.d. g:~1tin9" .sul+ ie.r L .C. H. 

Z.·IZ.-50 Road. -Fenc:ed. of.fj tul'n E. . -to we.ll 11
2. lTli . 

S . o.f old tra11. H . ... . \!) • 

2 - t7·!S2. TananT repo<+$ W"-11 tnay b& 

.l.e~pene.d -thi.s .sp .. 1n<J- now d.-'1 . E. - L.M. 

B 

Sample. 

DI SCHARGE DATA SHEIW' 

S.tata No. _..c(>.....!:Dc..-..clc:O:c.-...=.8.!.)_,1!>:::...::a:.cet::...=a ___ _ 

Office No. (0 - 1(>-8) 8acoa 

County Pj n q I 

Ownar_~J~oub~oL_~D~o~e~----------------

Observer Rishg..-d. L . Cols.mqn Date 1 - 2.0-4-q 

Meta r Nb. 27pi+Z. TypeGencrql E lec±r'•c.. 

r ev . d isc. 
--'-'2...,oc_._<=. ~. _±..!l__ sec • 

Power used/ec,ft. pumped 410 kw\, Mot or H . P . 200 

280 Pumpin?: lift._..k.a..l"--f t. Input H. P. 

F - .,,'3 1i lW' . 'l6C. 
'D 

D __ l_;!_'_' __ 

F I'' Tamp. "J! .. Est. 

Q = t . 835]11.Dl.,.,y .. f•c.Tot-
I{H 

y I •t'' : Z.835" (IZ)".,I, ._.,60 

~ 
~080 GPM 

~'---"'2..:0::..8=0-__ G. P. M, 

l\.,."- MPX-4-0.$0 

,.._'-,..f:f-t-: ~PM 
Z.Ullt4050 

b80· 

+to 

HI': +-83i.::: Rco.v. 

D 

GFM 

Figure 3 .-Typical well record, showing forms used and ~ype of well data callete4. 
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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)~. The section is divided into 160-
acre quadrants, to which lower-case letters a, b, c, 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, a.nd 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 . 

Pumpag:e inventorv.--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 f:r:om 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 irrigatiorl 
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. 3D) 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 djviding 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 
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~able 2.--Pumpage, in acre-feet, from wells in principal ground-water areas of Arizona 

~~--~--~------~1944 
Cochise County: 

19411 1..9.!±.6 s!±u 1948 1949 19.50 1951 

San Sinon Basin (a) (a) 5, 800 (a) ( a) (a) ( a)1 (a) 
Willcox Basin (a) 9, 000 15, 500 20,000 23,000 28,000 35,000 38,000 
Douglas Basin ( a) 8, 000 l2..,.5QQ 11, OCO 22-.J)DO ;)0, 000 ;).5., 000 38, 000 

Graham County: 
- Cactus Flat-

Ju·tesia area (a) (a) 5,600 (a) (a), (a) 
Sa fford Valley 52,l)OO 35,000 115,000 100 ,000 JJO,ooo 4o,ooo 

(a) 
(a) 1.25,000 

Greer~ee Countb/: 
Duncan Valley_ 

Maricopa County: 
Salt River 
Valley area:_/ 
Gila Bend area 
Dendora area 

Pima County: 
Part of Santa 
Cruz River Basin 

:? inal County: 
Part of Santa 
Cruz and Gila 

90,000 

8,000 6,500 17,000 21 ,000 21.000 11.000 23,000 33,000 

l,017,ooo l,l43,000 1,36o,ooo l,4o6,ooo 1,67o,ooo l,644,ooo 1,852,ooo 1,910,ooo 
(a) ( a ) 33,300 40,500 60,800 67,000 59,000 C110 000 
(a) (a) 6,700 6,700 1,900 5,000 6,000 ( ' 

106,000 111,000 108 ,000 14'5' 000 14'5' 000 15_Q,OOO 180,000 24Q,OOO 

River Basin 530,000 610,000 660,000 19'J,OOO 950,000 1,100,000 1.000,000 1 ,_D.JQ_.J),.>J-0,_,_0_ 
Santa Cruz County: 
Part o f Santa Cruz 
River Basin 

Yuma County: 
Dateland area 
Well ton-Mohawk 

area 
South Gila Valley 

12, 5_QO ____ 1~,500 - 21±,000 

4,000 4,000 4,000 

37,000 35.000 38,000 
20,000 22,000 .32,000 

~5 , QOO _ _ __ 2_8 ._0_0_0 3.1.000 21.000 30,000 

4,000 5,000 8 ,000 9,000 15,000 

43,000 50,000 45,000 46,000 50,000 
3-5_,.0..00 5.!±, OQO 5E_,_OOQ 56 ... ooo El2.,_o.o..a_ 

Total 2,437,000 2,563,200 3,140,000 3,215,000 3,412,000 3,681,000 
a. No t determined; o. Does not include Virden Valley, N. Mex.; c. Includes Queen Creek area, Maricopa and 

Pinal Counties. · 

• 
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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 a:-Jicipated :hat changes in quality 
of the water might occur, samples of the water pumped are collected at 
intervals for analysis. The rates of dr awdown and r ecovery of the wat er 
table after the period of pumping provide data that can be used in com put­
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 .. Qontainers 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 . 

Electrical 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 char acter of 
the rocks under lying the stream channel. 

31 
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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 bas in, 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
Pl'O\.'ed 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. 
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Table 3.--Coefficients of storage; Arizona, California, Nebraska, and Utah 

Area and reference , 

Eloy district, Ariz • 
(Smith, 1940) 

Florence-Casa Grande 
area, Ariz. 
(White, 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) 

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

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

Type of material 

Sand and gravel 

Sand and gravel 

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

Coarse sand 

Hard sandy clay t9 
medium-grained sand 

Very fine sand, silt, and clay 
Medium and fine sand 
Gravel and coarse sand 
All materials 

Safford Valley, Ariz. Fl?od-plain materials 
(Gatewood and others, 1950) 

Phoenix area, Ariz. Silt, sand, and gravel 
(Turner, McDonald, and 
Cushman, 1946) 

Verde River Valley, Ariz. Sand and gravel 

Coefficient of 
storage 

(percent of 
total volume) ..;..:... __ 

9 - 13 

20 - 25 

10 - 30 

l - 6 

22 - 23 

l - 20 

4 
23 
35 
13 

12 

16 

15 

4 - 30 
(McDonald and Padgett, 1945) (average) 16 
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Maps showing ground -water conditions.--Most ground-water c-6Dditions 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, anci 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 quali~y 
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 a ids 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 . 

' Q.ualitv-of-water data 

Data regarding source and movement of ground waters and their suitabili­
ty for d·ifferenL uses are obtained from determinations of chemical quality 
of water samples collected in the field. The 9amples 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 a.J.:l surfac·e 
waters in the United States. A district office is maintained at Albuquerque, 
N. Mex., 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, C. Halpenny 

Reports on ground water in Arizona have been issued by the Geological 
Survey and other agenc ies 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, 
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Part II . 

GROUND WATER IN INDIVIDUAL AREAS 
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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 F\.iver 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 made, 
and the period of years in which continuing measurements were made. For 
some areas a considerable amount of factual information had been collected 
and was available for analysis; for others, fewer data were available. There 
are 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 a7a ilable 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 R ivers. At that point the rocks of the 
Peloncillo Mountains are exposed continuously across the valley of the Gil a 
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 sedimenta ry materials partly filling the intermontane trough. The drain­
age area of the Duncan basin, as here defined is a bout 680 square miles; the 
area of the valley floor is a bout 270 s quare miles, T he basin trends north­
northwest, and is about 37 miles long. The alluvial valley r anges from 5 to 9 
miles in width. 

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

Geologv 

Plate 2 shows the shape of the Duncan bas in and pr esents a generalized 
view of the geology of the region. T he northeast and s outhwest mar gins are 
irregular; spurs and ridges project from the main mounta in masses far into 
the valley floor. On either side, the P eloncillo and Steeple Rock Mountains 
cons ist lar gely of volcanic rocks . In T , 6 S,, R, 32 E., . a fault block of older 
sedimentary form ations occupies a few square m iles . InT. 4 S., R . 30 E ., 
two ar eas of cr ystalline rocks ar e exposed , The fault s bound ing the inter­
montane trough are concealed by alluvial fill . 

The absence of deep wells in the basin pr ecludes any possibilit y of defining 
the subsurface s hape of the trough, t he composition of materials composing 
the deeper parts of t he a lluvial fill, or the composition of the rock floor of t he 
bas in, T he total depth of alluvial mater ial in the Duncan basin can be estimated 
only by analogy with nearby basins where deep wells near the axes of the valleys 
have encounter ed approximately 3,000 feet of valley fill. The alluv ial fill in t he 
Duncan basin also may be a few thousand feet thick. 

The upper part of t he valley fill includes at least three facies (Halpenny a11d 
other s, 1946, pp , 3- 4 ), an older fill, lake or playa beds, and Recent alluvium . 
T he lake or playa beds inter finger 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. 
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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 upstrea.m end of the 
basin. The driller reported the total depth to be 301 fee~ and noted that below 
55 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 !mess 
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 3J0field 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 hvdrologv 

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 char_acteristic of southwestern valleys occupied by through-flowing 
streams. As defined in this report, the Duncan basin is only a part of a physio­
gr aphic b::tsin , 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 
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in the Duncan basin have been made for the year October 1, 1939, to October 1, 
1940. For that per iod, underflow of the Gila R iver at the Arizona-New Mexico 
St2.te line was estimated (Halpenny and others, 1946, p. 6) to be about 7,000 
acre -feet. Recharge 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 R iver; and (5) recharge to the 
alluvium of the inner valley by seepage out of older alluvium, 

Tributarv underflow.--Recharge by underflow from washes tributary to the 
Gila River constitute s 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)11ac (pl. 4) and (D 7' 7-32)33b a few miles downstream, 
near York. The w~lls near Sheldon are relat ively 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 )arts of the Duncan basi.n, 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 amo-unt 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 rechar ge 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 t imes 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 r e ­
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 Recent alluvium . A fall ing 
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 stor age 
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. Quantitativelv. the average amount of such 
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recharge is not known. Halpenny and others (1946, p. 6) estimated rechar ge 
, from this source to be approximately 2,Q00 acre - feet for the 12 - month period 

ending October 1, 1940 . 

Discharge 

_ Discharge of water from the Duncan basin can be considered under two 
principal headings , pumpa-ge and natural discharge . · 
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P umpage, - -Annual pumpage from wells in the Duncan basin during the period 
1942-51 is shown graphically in figure 4. Data compiled in 1950 at the request 
of the President's Water Resources Policy Commission showed that pumpage 
for irrigation in Duncan bas in over a 10-year period averaged 10,000 acre -
feet per year . During the same per iod, average annual pumpage for munici­
pal use was about 80 acre -feet (unpublished data , U. S, Geol. Survey) . Pumpage 
fo r domestic use, other thanmunic ~pal , and for industry was not estimated . The 
Phelps -Dodge Corp , mining, milling, and smelting operations at Morenci re ­
quire large volumes of water, but are supplied from sources outside Duncan 
basin. 

Discharges of representative irrigation wells in the bas in were measured 
in 19?9-1946 and ranged from 170 to 2,250 gallons per minute . Discharge 
measurements of several irrigation wells were made in June and July, 1952 , 

' and ranged from 150 to 1, 700 gallons per minute . Irr1gat ion wells are drilled 
only in areas underlain by Recent alluvium (pl. 3). They r ange in depth from 
c. bout 30 to about 200 feet, and casing diameters range from 6 to 20 inches . 
Pumping lifts, measured in 1952 (table 4), r anged from 30 to 60 fee t. Specific 
capacit ies were determined for only a few wells and ranged from 5 to 70 
gallons per minute per foot of dr awdown. No appreciable decrease in yie lds 
of wells or persistent decline of the water table have as yet been det ected . 

Natural discharge ,- - Natural discharge of water from the Duncan bas in is 
discussed under the following topics : (1) Surface flow; (2) underflow ; and 
(3) evapotranspiration. . 

The Surface Water Branch has maintained a gaging s tation on t he Gila 
R iver near Clifton, about 1 ~ miles above the downstream boundar y of t he 
basin, (pl. 1) at intervals totalling 22 year s fr om 1911 to the pr esent . The 
last published r ecord (Water -Supply Paper 1149, 1951, p, 365) r eports an 
average annual discharge of 246 second - feet or about 175,000 acr e- feet per 
year . Dischar ge from the ground -water r eser voirs in the Duncan bas in to 
the Gila River i.s estimated (Halpenny and others, 1946, p. 8) to r 2-nge fr om 
4 to 25 second-{eet, or 2,800 to 17,500 acr e - feet per year • 

The amount of un,derflow out of the Duncan basL.1 was es t imated (Halp.enny 
and others , 1946, p . 7) to be less than 400 acr e -feet per year . T he est imate 
is tentative because there is relatively little information for the northwes ter n 
par t of t he basin regard ing the depth of t he Recent a lluvium or the s lope of 
the wat er table . The narrowness of the gor ge of the Gila R iver and the ap ­
par ent near - s urface occurrence qf volcanic rocks suggest that the estimat e of 
400 acr e -feet per yea;r of under flow is in t he 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
r ation and the Phelps-Dodge Corp. during 1943-44 (Gatewood and others, 1950). 
Loss of water through use by nonbeneiicial 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 washes 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 4.--Specific capacities- Duncan basin 

July 1952 

Static Pnnping Iilraw- Dis- Specific capacity as 
Well no. level level down charge gpm per foot 

(feet) (feet) ·(feet) (gpm) of drawdown 

(D-8-3l)l3abd 15 32 17 800 47 

(D-8-32) 33cdc 30 48 18 100 G 

( D-9-32) 4bac 54 58 4 275 69 

(D-9-32)4cbd 43 51 8 150 19 

( D-9-32) 4cdd 40 48 8 275 34 
~------
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Figure 4.--Graphs showing fluctuations or water level and pumpa~e in the Duncan Valley, 
Greenlee County. 
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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 . 

Q.ualitv of water 

Analyses of ground-water samples fr om the Duncan basin show ranges in 
concentrations of total s olids from 250 to 5,000 parts per m illion (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 
presentat ion is based on their importance in determin ing 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. 
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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-Nater-surface-Nater interrelations 

The relationships in the Duncan basin between the water of the Gila R iver 
and the water table have been discussed in the section on storage. The sur­
face flow into the basin is known approximat ely from r ecor ds 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
or.d·feet (WdE.r-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 River 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 present ·for 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 on the valley floor . 
Rec harge-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 non beneficial 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 . 
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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 
-----------1-~(f~eet) (feet) 

(D-6- 3l)l7bba 
Topsoil - - - - - - -
Gravel- water first 

encountered at 13 ft 
TOTAL DEPTH .. -· -- --

Topsoil - - - - - - -
Clay - - - - - - - -
Sand - - - - - - - -
Clay - - - - - - - -
Sand and gravel - - -
Clay - - - - - - - -
Sand - - - - - - - -
Sandy clay - - - - -
Sand and gravel - - -
Red clay - - - - - - ·-
TOTAL DEPTH - -- ·-

13 13 

22 35 

8 
14 

3 
13 
14 
4 

16 
14 
30 
4 

35 

8 
22 
25 
38 
52 
56 
72 
86 

116 
120 
120 

(D-8- 3l)l3bbd 
Topsoil - - - - - - - - -
(no record) - - - - - -
Gravel and small stone 
TOTAL DEPTH - -· ·· -· -· -

Topsoil, sandy - - - - -
Gravel - - - - - - - -
Clay - - - - - - - - -
TOTAL DEPTH - - -- -

Thickness Depth 
(feet) (feet) 

8 8 
22 30 
20 5o 

5o 

20 20 
50 70 
25 95 

95 
--------------------·-----~----------~-----

(D-8-32)20ccb 
Topsoil - - - - - -
Sand and gravel - -
Qui ck sand - - - -
Sand and gravel - -

2 2 
18 20 
14 34 
31 65 

------------------1- Yellow clay - - - -·--·- ---+----- TOTAL DEPTH - - -
5 70 

70 
(D-7-31)4dba 

Topsoil - - - - - - -
Dr y sand - - - - - -
Clay - - - - - - - -
Sand, wat er - - - - -
Water gravel - - - -
Dry sand - - - - - -
Sand and clay - - - -
TOTAL DEPTH -- -· 

10 
30 
34 
20 
32 
16 
13 

10 
40 
74 
94 

126 
142 
155 
155 

----------------------~-------~-----
(D-7- 31) 21abd 

Soil - _:-:--:-::-:-:-- -
Sand and shale - - -
Dry gr avel - - - - -
Shal e - - - - - - - -
Gravel, water 
TOTAL DEPTH 

18 
12 
5 
5 

46 

18 
30 
35 
40 
86 
86 

--·-----------------~----------!-------
(D-7-31) 28adb 

Earth - - - - - - - - · 
Gravel - - - - - - - · · 
TOTAL DEP?J{ 

25 
4o 

2r; 
-6~ 
65 

(D- 8- 32)19acc 
Soil 
Sand, gravel, water 
Clay - - - - - - -
TOTAL DEPTH -· -- --

13 13 
61 74 
6 so 

80 

--------------------·---+-------·------
(D-8 -32)29aa~ 

- Clay - - - - - - - - -
Clay and fine sand bear­

ing some water - - -
Gr avel, sand , rocks - - -­
Blue clay - - - - - - -
TOTAL DEFTH ··· - -- - -- -· 

20 20 

6 26 
44 7C 

l 71 
71 

-----------------------~--------~-----
(D-8- 32)32dad 

Adobe - - - - - - - - -
Fine red sand, gravel -

· Red clay - - - - - - -
Coarse gravel - - - - -
TOTAL DEPTH 

63 
11 

2 
4 

63 
74 
76 
80 
80 

---------------------~--------~----~~----------------------~-------~------



Table 5. Logs of representative wells in Duncan basin--continued 

Thickness Depth 
(feet) (feet) 

(D-9-31)2aab 
Fill, clay - - - - - .. 
Clay - - - - - - - - · 
Rock, hard - - - - -
Hard, black rock - -
(More volcanics reported, 

some black, some color 
not specified) - - · 

Sand rock - - - - - -
Water sand - - - - - · 
Sand rock - - - - - -
Sand, hard, 

water - -
Sand rock -
TOTAL DEPTH 

carrying 

-----· 

50 
60 
15 
15 

198 
19 

7 
61 

5 
72 

5o 
110 
125 
140 

338 
357 
364 
425 

430 
502 
502 

-------------------~~-------+-----1 

(D-9-32)3bcc 
Clay - - - - - - - - · 
Water - - - - - - - - -

45 
5 

45 
50 

Clay - - - - - - - - -
Water - - - - - - - - -
Clay - - - - - - - - -
Water - - - - - - - - -
Clay - - - - - - - - -
TOTAL DEPTH - · · ·· ··· -

(D-9-32)4ca 
Silt - - - - - - - - -
Clay - - - - - - - - -
Gravel and clay - - - -
Gravel and clay, very 

little water - - - -
Gravel, very l i ttle 

water - - - - - - - -
Clay with a little sand 
Clay - - - - - - - - -
TOTAL DEPTH 

Thickness Depth 
(feet) (feet) 

25 
10 
15 
10 
40 

5 
5 
5 

25 

15 
145 
101 

75 
85 

100 
110 
150 
1)0 

5 
10 
1) 

40 

55 
200 
301 
301 
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SAFFORD BASIN, GRAHAM COUNTY 

By J. H. Feth 

Introduction 
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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 P inaleno 
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 3~ 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 S., 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 . 

Geolog-y 

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 Stockton 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)l0bdc and (D-6-24) 
lOcdb, 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 thkk and is under lain 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 1943-44 (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 2 9 and 82 feet below land surface . 

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

Ground -water hydrology 

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 River, 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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Table 5.--Depth from l and surface t o base of Recent alluvium and driller 1s 
repvrt of depth to water at t i me of drilling , Saffor d basin , 
Graham County, Ariz • 

Depth of 
lYell no . Recent 

alluvium 

(D-4- 23)19bbb v 64 ~~ 
20bcb (/ 42 
33aaa v 70 
33abb . 83 
34ccb "' 103 
34cdd v 121 

(D-5-23)2dcb 60 
l2ac v 50 
l3bcc J 61 
l9dcc 52 
20bdc ---- 52 
20ddb_.., :)6 
JOacd ..-- 63 
30cdc ../ 64 
3lbdd.,.., 71 
3lbcd .,..... 77 
3ldbd ....... 70 
32acav 52 
36add ..... 80 

(D-6-24) 2abd " 62 
2aca >~ 62 
2adc v 60 
2bcc "' 46 
4ad v 56 
4bbd v 44 
lbb v 71 
4cca • 58 
5aa.c " 62 
9aba v 5o 
lObdc v 76 
lOcdbV 38 
llab " 31 
l2a 40 
12adb ..,.. 48 
l2dab ., 40 
13bac v 33 
13bda v 42 
l3bdd v 53 

23 center NEt 65 
l4bd 60 
24dd V 49 

Depth 
t o 

water 

38 
26 
39 
68 
62 
65 

25 
16 
24 
18 
31 
4J. 
21 
45 
52 
46 
54 
14 
60 

40 
40 
30 
17 
28 
28 
44 
30 
40 
18 
ll 
22 
20 
21 
18 

7 
21 
27 
33 
48 
48 
33 

Well no. 

D-6-25) 7aca ,__.... 
?baa v-
8caa ~.--
Bcad v 
8cbb -
8ddb v 

l6cca ......-
l8baa v 
l 8cab v"' 
l8dbc 
l9bb v' 
l 9bbc v 
19bbd#2 
20bdE! 
2C'cac v 
20cda v 
20dcc " 
20dcd v 
20ddc 
2la v 
22bdd v 
23ccb V"" 
25cda v 

25cdc v 

25dcc v 
27ccd v 
32cac v 
33aaa 
33aad v 
33abd v 
33b v 
35bcb v 

D-7-25)lccb v 
lccc v 
lcdc v 
2acb \.--
2acc v 
2bdd v 
2c 
2cd v 
2dac " 
llaa v 

epth of 
Recent 
lluvium 

D 

a 

74 
78 
74 
60 
60 
53 
47 
6o 
51 
42 
45 
46 
58 
54 
40 
45 
60 
60 
55 
56 
70 
77 
43 
43 
65 
60 
65 
72 
40 
5o 
68 
62 

94 
99 
85 
81 
75 
57 
95 
69 
95 
101 

Depth 
to 

water 

50 
55 
68 
38 
42 
40 
27 
Dr y 
16 
10 
32 
18 
30 
14 
17 
30 
22 
16 
18 
36 
30 
62 
22 
22 
42 
17 
34 
20 
26 
32 
46 
20 

45 
43 
44 
62 
48 
16 
40 
54 
70 
63 



Table 6 .--Depth f r om land surface t o bas e of Rec en t alluvium and driller 1s 
r epor t of depth t o water at time of drilling .--continued 

YTe l l no . 

(D- 7- 2))llaa v 
llaab v 

1 2adbv 
l2adb v' 
l2bad v 
l2bbd w 

l2bca .. 
l2cca "' 
l2cd L­

l2dcd ,; 

,(D- 7 - 26) 6add 
6add 
7bdd v 

?cad "' 
7dbc " 
7dbd 

~ 8dc c s, P. vrW 
8ddd V 
9cdc v 
9cdd " 
l3cdd v 
l3dcd v 
l3dda v 
l4dcd ~/" 
l4dddv 
l)bGc v 
l)bcd .....­
l)caa v 

l)daa ~,.­

l)dad " 
l)ddd · 
l6acc L 

l6cCC " 
l6ddc v 

1 Dep 
Re 

a l l 

t h of 
cent 
uvium 

lll 
110 

77 
7? 
88 

103 
112 

98 
98 

103 

48 
38 
72 
80 
82 
7.5 
79 
75 
83 
84 
7.5 
7.5 
71 
7.5 
7.5 
80 
82 
82 
4.5 
47 
78 
82 
96 
99 

Depth 
to 

water 

)2 
41 
41 
39 
)0 
69 
4 0 
.5.5 
.5.5 
36 

20 
10 
22 
44 
20 
2) 
30 
23 
70 
36 
3.5 
3.5 
3.5 
)0 
3.5 
.53 
40 
23 
30 
26 
4.5 
34 
.54 
.53 

.. 

Well no . 

l 7abc v 
l7add ...... 
l 7bbc v 

l 8aac ..... 
l 8aab ~ 
l8abd • 
2lbaa ...,.... 
2ldaa v 
22cbb ...... 
23aaa ..,. 
24aab ,.... 
24aa c ...-
2)bad ......-

(D - 7 - 27) 2aaa v 
2cbb v 
3addv 
4dadv 
7ddd ..... 
8add v 
16 
l6aac ,__ 
l 6aac .....-
l 6c ab v-
l 6cc d "" 
1 8 
l 8aad ........ 
l8cac -v 

l9cba 
20 
20aaa ...--
20aaa v 

20aac "' 
20aac v 

Depth of 
Recent 

alluvium 

92 
87 
79 
7.5 
87 
81 

100 
110 
103 

82 
7.5 
97 
80 

.52 
70 
.54 
90 
70 
4.5 
94 
97 
70 
97 
72 
71 
69 
70 
90 
)0 

104 
109 
100 

98 
I I 

Dep t h 
0 

er 
t 

wat 

3 
3 

2 
0 
6 
.5 
4 
3 
.5 
0 
6 
8 
.5 
2 

3 
4 
3 
4 
7 
.5 
3 
4 
4 
3 
2 5 

l 

l 

0 
7 
6 
2 
4 
6 

.5 
2 
l 
4 
3 
4 
.5 
6 
3 
l 
3 

7 
.5 
4 
8 
l 
.5 
8 
3 

62 
3 
7 
7 
7 

.5 
6 
0 
6 

66 
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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 
from 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 360,000 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 enter_ed 
the valley as underflow . 

Canals and irrigated areas.--'Wlrner 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
ment s 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 1950-5·1 there was a short­
age of surface water and, to reach the farms principally served by surface 
water, it became lf\ecessary 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
fa ce water, it is believed that the recharge from :..rriga t ion waters pro bably 
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 conc ealed 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 conta ins high concentrations of dissolved mineral content. It is 
believed that the water discharg'3d from the springs and seeps rises to the 
surface along fractures in the older alluvium. 

Precipitation.--Recharge from pr ecipitation on older alluvium is probably 
negligible because the surface in many place·S 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 t 8 smc:Jl ire the <" -Terage 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 gr aph (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 . 
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~able 7.--Specific capacities of wells in Safford basin, Graham County, Ari z., 1952. 

Sta tic Pumping Drawdown Discharge Specific capacity 
Well no. water level 1952* level ( feet ) ( gallon s per minute) (gpm per foot of 

(feet ) (fee t_)_ d rawdo.wn...) 

(D-l..t-23) 29dbd 55 67 12 400 35 
29db 55 6>) 10 ;_)~() ::>h 

~ 

' 

( D 6-24) 12dab 10 21 ~!=;() 
. -:z;o 11 

( D 7 25) 2adc 45 60 Fi l ,_QQ_() 61=) 

( D-7-26)8d aa 30 35 5 1,075 215 
8dab 30 37 7 1,000 140 
9cdc 30 37 7 850 120 
13dcd 35 

. 
18 2,200 120 h3 

13dcd 35 49 14 2 ,050 145 
15bcc 40 55 15 1, 350 90 16cac 50 68 18 375 50 24baa 35 53 13 475 ~~ 28acc 1)0 82 <;2 ~50 

(D-7-27)lbba 20 74 54 1,050 20 
lbbb 20 71 51 1,000 20 
2add 20 llO 91 1,025 10 
4dad 15 49 34 925 25 
llbbb Flowing 8>) Bi1 1 ,_8_50 20 

* Adjusted from spri ng 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 . 
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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 215 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-
52 . 

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 Pla:Qt 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 wer.e 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 
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20-year period ending in 1949 (Water-Supply Paper ll49, 1951, p. 370) show 
an average discharge of 293 second-feet, or about 200,000 acre-feet per year. 
It is believed that this figure is in the order of magnitude 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 thicknes$ 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 thickness 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 ac.re-fe.et 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 5 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 
r apidity 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 leveis. 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 . 

Q.ualitv 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 rang_e 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 aliuvium, 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 tl1e chemical character of waters in Safford basin (pl. 4), 
indicate that the percentage of sodium, and the high total mineralization m ake 
the waters in some areas unsatisfactory for irrigation. Waters from the 
older a lluvium 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 r aised in the val­
ley, there are pecan groves and peach orchards, and the fruits of these 
trees are affe cted 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 P ima, 
contained 2 parts per million fluoride when sampled in 1943--a concentra­
tion sufficient to cause s light 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 NOs) in concentrations higher than about 45 
part s per million if the water is used in preparing formulas for infant feed­
ing. (Comly, 1945, p. ll2). 
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Hem (1950, pp. 67-68) points out that during the period, October l, 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 inter relationships 

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 tb€ 
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 
Vi:-den 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 
Safford 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 
1943 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 51,978 151,978 
1948 110,000 39,848 149,848 
1949 40,000 167,790 207,790 
1950 90,000 68,504 158,504 
1951 125,000 26,389 151, 389 

Other aspects of the interrelationship between ground water and surface 
water have been discussed under the topics of recharge and storage. 
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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 form~rly 
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 of 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 1' salt balance' 1problem pas been mentioned in this 
chapter unQ.er (;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 introdlj.ce 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 pre.vent this salt load from entering the 
basin. · Hem calculated (1950; ·p. 34;)etter, 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 veget ation 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. 
~he 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 (1 946, p. 16) summarize ground-wate~surface-water 
relationships in the basin as follows: 

Because of the intimate relation between the w2.ter 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: 

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

Thickness Depth ~ess Depth 
(feet) (feet) l_~t) (feet) 

--------------------·~~~~~~~~--------------·--------~--------~----
(D-4-22)12dbc 

Topsoil - - - - - - -
Rocks and sand - - -
Water-bearing gravel 
Boulders and rocks -
Clay - - - - - - - - · 
TOTAL DEPTH 

20 20 
10 30 
20 50 
25 75 
5 80 

so 

Hard pan - - - - - - - -
Gravel - - - - - - - - -
Hard pan - - - - - - - -
Gravel - - - - - - - - -
R edr oc k - - - - - - - - · 
TOTAL DEPTH 

2 26 
35 61 

1 62 
6 68 
2 70 

70 

----------------------~----------1~----4- --------------------~-------·~------
(D-4-22) 25bcc 

Surface soil - - - - · 
Sand and silt - - - -
Water gravel and sand 
Solid rock - - - - -
TOTAL DEPTH 

(D-4-22)26add 
Dry sand, surface soil 
Fill - - - - - - - -
Sand and fill with somE 

water - - - - - - - · 
Good water gravel and 

sand - - - - - - - . 
Bed rock - - - - - - -
TOTAL DEPTH 

(D-4-23)19bb 
Surface sand - - - - -
Sand - gravel, dry - -
Water sand and gravel -
Red clay - - - - - - · 
TOTAL DEPTH 

(D-4-23)34ccb 
Gravel - - - - - - - -
Clay - - - - - - - - -
Gravel - - - - - - - -
Clay - - - - - - - - · 
Sand - - - - - - - - -
Clay - - - - - - -- - -
TOTAL DEPTH 

27 
21 
45 

11 
16 

21 

35 

36 
2 

26 
4 

30 
18 
17 
30 
8 

11 

27 
48 
93 
93 
93 

11 
27 

48 

83 
83 
83 

36 
38 
64 
68 
68 

30 
48 
65 
95 

103 
114 
114 

----- -·-----+--------1-----! 
(D- 5- 21)27 

Sandy loam--:-:: - - - · 
Dry gravel - - - - - -

16 
8 

16 
24 

(D-5-23)2dbb 
Topsoil - - - - : - - -
Gravel - - - - - - - - -
TOTAL DEPTH -

(D-5-23)13bcc 
Terrace material - - - -
Water gravel - - - - - -
Clay sand fill - - - - -
Water gravel (rocks) - · 
Clay fill - - - - - - - -
Water gravel - - - - - -
Clay - - - - - - - - - -
TOTAL DEPTH -

40 40 
10 50 

50 

40 40 
6 46 
1 47 

11 58 
1 59 
2 61 
5 66 

66 

-----·--------------------+-------·-+-------
(D-5-23)36add 

Topsoil and fill - - - -
Whit e clay - - - - - - -
Sand and pea-gravel - - -
Red clay - - - - - - - -
TOTAL DEPTH · · -· 

(D-5-24)19dcc 
Topsoil - - - - - - - - -
Water gravel and sand - -
Red clay - - - - - - - -
TOTAL DEPTH 

56 56 
9 65 

15 so 
8 88 

88 

18 18 
34 52 

8 60 
60 

---------·-----·---------~--------~·---
(D- 5-24) 26d 

Conglomerate, brown, 
medium-hard - - - - - -

Clay, red, soft - - - - -
Sand and gravel, small 

water - - - - - - - - -
Clay, gray, soft - - - -
Sand, gravel, water - - -
TOTAL DEPTH ... 

20 20 
143 163 

4 167 
76 243 
14 257 

257 



Tabl e 8.--Logs of repr esent ative wells in Saffor d basin- -continued 

(D- 5- 24 )30acd 
Topsoi l - - - - - - -
Sana - - - - - - - -
Rock and gravel - - -
Clay - - - - - - - -
Trace of gravel bearin~ 

water - - - - - - -
Clay - - - - - - - - ·· 
TOTAL DEPTH -· -- ·· ·· -

(D- 6- 24 ) 2abd 
Dry cl ay, sand, gravel 
Water -bearing gravel 
Cl ay - - - - - - - - · · 
TOTAL DEPTH -· ·· 

cn-6-2u)ubbd 
Cl ay soil - ..;. - - - - ·­
Sand and gr avel - - -
Water gravel - - - - -
Cl ay - - - - - - - - -
TOTAL DEPTH .. . . . - . . 

(D- 6- 24 )l Obdc 
Unknown (ol d dug well ) 
Water gr avel - - - -
Clay - - - - - - - -
TOTAL DEPTH - -· 

(D- 6- 24)10cdb 
silt - - - - - - - - . 
Gravel - - - - - - - · 
Clay - - - - - - - - -
TOTAL DEPTH 

Thickness Depth Thickness Depth 
(feet) (feet)~-----------------------r-~(f_e_e~t)~~~(f_e~e~t) 

26 
4 

25 
7 

l 
7 

38 
24 

6 

28 
10 

6 
10 

24 
52 

2 

18 
20 
12 

26 
30 
55 
62 

63 
70 
70 

38 
62 
68 
68 

28 
38 
44 
54 
54 

24 
76 
78 
78 

18 
38 
So 
so 

(D- 6- 24) l3ab 
(Mary Mack f lowing well) 
Sandy loam - - - - - -
Sand - - - - - - - - -
Gravel; water - - - - -
Shale, sand, sandstone, 

gravel, var i - color ed, 
str eaks of gypsum; 
water encountered at 
1 ,645 ft ., 2, 143 f t. , 
2, 318 ft ., 3,140 ft . 

Red sands t one - - - - -
Red s andy sha l e - - - -
Gypsum - - - - - - - -
Red sandstone - - - - -
TOTAL DEPTH - . . ·-

(D-6- 25)7aca 
Boulders - - - - - - - · 
Sandy soil - - - - - -
Water gravel - - - - -
Clay - - - - - - - - -
'r'i a t er grA.vel- - - - - -
Clay - - - - - - - - -
TOTAL DEPTH -- - ·· · · -

(D- 6- 25) l8baa 
Topsoil - - - - - - - -
Sand and gr avel - - - -
Sandy soil - - - - - - -
Dr y sand and gr avel - - -
Coar se gravel - - - - - ·· 
Quicksand - - - - - - - . 
Limestone (hard pan) -
Clay soil and gravel - · 
Clay - - - - - - - - - · 
TOTAL DEPTH - -· · ·- -· -

3 
17 

160 

3, 360 
180 
14 
4 

29 

36 
10 
14 
10 
4 

41 

18 
i2 
12 
4 
2 
2 
6 
4 
2 

3 
20 

180 

3,540 
3,720 
3, 734 
3,738 
3,767 
3,767 

36 
46 
60 
70 
74 

115 
115 

18 
30 
42 
46 
48 
so 
56 
60 
62 
62 
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Table 2 .--Logs of representative wells in Safford basin--continued 

---·-----------------~~~--~--~-~---------------------r.~~--~~~~-Thickness Depth Thickness Depth 
----------------------+-~(~f~ee~t~)~(~f~e.~et~)~~-------------------·--~~(f~e~et) (feet) 

(D-6-25) 20cda 
Topsoil - - - - - - -
Sand, dry - - - - - -
Gravel - - - - - - -
Red clay - - - - - -
Blue clay - - - - - - · 
Red clay - - - - - - · 
TOTAL DEPTH .. - - - - · · 

(D-6-25)22bdd 
Rocks and gravel - -
Sand and gravel - - -
Sandy soil - - - - -
Quicksand - - - - - -
Clay - - - - - - - - · 
Water, gravel - - - -
Hard pan - - - - - -
Quicksand - - - - - - · 
Sand and gravel - - -
Water, gravel - -- -
Clay· - - - - - - - -
TOTAL DEPTH .. 0

• - - - o -

(D-6-25)33abd 
Sandy soil - - - - -
Water gravel - - - -
Clay - - - - - - - -
TOTAL DEPTH -

(D-6-27)3)ddd 
Gravel - - - - - - -
Gravel and caliche 

alternating in 3-foo . 
layers - - - - - -

TOTAL DEPTH 

(D-7-25)1 
Fill 
Dry gravel - - - - -
Gravel (water) --­
Clay - - - - - - - -
TOTAL DEPTH .. .. - ·. .. 

5 5 
17 22 
23 45 
12 57 

3 60 
40 100 

100 

8 8 
12 20 

8 28 
12 40 
6 46 
2 48 
2 50 
6 56 
7 63 
7 70 

10 80 
so 

29 29 
2J 50 
4 54 

15 

235 

a:6 
27 
25 
6 

54 • 

15 

250 
250 

26 
53 
78 
84 
84 

(D-7-25 )12adb 
Surface soil - - - - - - 28 
Dry sand and gravel - - 25 
Water gravel and sand - 24 
Red clay - - - - - - - - · 14 
TOTAL DEPTH ···· -

(U-7 -26 ) 6add . 
Sandy soil - - - - - - - 7 
Sand, gravel, boulders 

(water-bearing) - - - 31 
Blue clay - - - - - - - -· 10 
TOTAL DEPTH .. . . . . .. .. - ... 

,, 
(D-7-26)~a 

(Southern PaC'Ifi'C RR. , 
Safford, Ariz. ) 

Soil - - - - - - - - - - . o 8 
Gravel and boulders - - ·· 82 
Clay; blue and yellow, : 

streaks of gypsum and 
of hard rock - - - - - 805 

Yellow and brown clay 
with streaks of 
gypsum - - - - - - - - · · 105 

Salty clay - - - - - - - · · 820 
TOTAL DEPTH .. - -

(D-7-26)16ccc 

28 
53 
77 
91 
91 

7 

38 
48 
48 

8 
90 

IJ.,coo 
IJ., R2 C 
1,820 

Topsoil - - - - - - - - ·· 
Dry sand, gravel, 

28 28 

boulders - - - -- - .­
Brown clay - - - - - - -
Quic ksand - - - - - - -
Gravel and boulders - - · · 
Blue clay - - - - - - - · · 
TOTAL DEPTH . .. . o • • • 

29 57 
21 78 
7 85 

ll 96 
44 140 

140 

-·------·-------'--------l----1-.. -



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

(D-7 -26 )24aac 
Clay - - - - - - - -
Dry boulders - - - -
Sand (water?) - - - - -
Clay - - - - - - - - · 
Boulders and gravel -
Clay - - - - - - - -
Sand and gravel (water) 
Bc~lders - - - - - -
Blue clay - - - - - - ·­
TOTAL DEPTH · · - - -

Thiclmess Depth 
(feet) (feet) 

4 
26 

8 
2 
8 
2 

20 
27 
5 

4 
30 
38 
40 
48 
5o 
70 
97 

102 
102 

---------·----------·~--------+---~ 
(D- 8-26)6abc 

Sandy loam - - - - -
Sand - - - - - - - -
Sandy clay - - - - -
Water gravel - - - -
Sandy clay - - - - ·· 
Water gravel - - - -
Sandy clay - - - - -
Water gravel - - - -
Sandy clay - - - - -
Water gravel - - - -
Sandy clay - - - - -
Water sand - - - - -
Sandy clay - - - - -
Water sand - - - - - -
Sandy clay - - - - -
Clay - - - - - - - -
Sand - - - - - - - - · 
Sandy clay - - - - -
Clay - - - - - - - -
Clay - - - - - - - -
Sandy clay - - - - -· 
Har d sand - - - - - -
Water sand and gravel 
TOTAL DEPTH 

(D-8-26)7ddb 
Topsoil - - - - - - -
Quicksand - - - - - -
Blue clay with cavities 
Gray clay - - - - - -
TOTAL DEPTH 

36 
3 

51 
5 

23 
ll 
4 
5 
4 
2 

26 
9 
9 
4 

14 
4 
4 
6 
2 
2 

10 
l 
2 

12 
8 

140 
l 

36 
39 
90 
95 

118 
129 
133 ' 
138 
142 
144 
170 
179 
188 
192 
206 
210 
214 
220 
222 
224 
234 
235 
237 
237 

12 
20 

160 
l()l 

161 

Thiclmess Depth 
(feet) (feet) 

(D-8-26)3lddc 
Sand - - - - - - - - - 17 
Sandstone - - - - - - - 9 
Sandy clay - - - - - - ·· 3 
Sandstone - - - - - - - - 7 
Sandy clay - - - - - - - 30 
Water sand - - - - - - - 2 
Sandy clay - - - - - - 16 
Red clay - - - - - - - - 24 
Water gravel - - - - - 2 
Clay - - - - - - - - - · 5 
Sandy clay - - - - - - - 8 
Sand - - - - - - - - - l 
Clay - - - - - - - - - 8 
Sand - - - - - - - - - l 
Clay - - - - - - - - - 8 
Sand - - - - - - - - - l 
Clay - - - - - - - - - - 8 
Sand - - - - - - - - - - l 
Clay - - - - - - - - - - 9 
Sand - - - - - - - - - . l 
Sandy clay - - - - - - - 14 
Clay - - - - - - - - - - 34 
~lat er sand - - - - - - -- 2 
Clay - - - - - - - - - - 30 
Hard sandy clay - - - - .. 9 
TOTAL DEPTH .. -· -

SUMMARY LCGS OF DEEP WELLS 
(Detailed logs in Knechtel, 1938, 

202-204) I 
(D-9-27)36bd 

Southern Pacific RR, Tanque, Ariz . 
Hard pan - - - - - - - · 32 
Gravel - - - - - - - - - 6 
Clay - - - - - - - - - - 52 
Sand and gravel (water) 34 
Clay, blue and yellow, 

thin beds sand and 
gravel - - - - - - - ·· 272 

Sandstone - - - - - - - 4 
Blue clay - - - - - - - - 192 
Gypsum and clay - - - - 143 
Gypsum - - - - - - - - 30 
TOTAL DEFTH · . ... -- .. 

17 
26 
29 
36 
66 
68 
84 

108 
110 
115 
123 
124 
132 
133 
141 
142 
150 
151 
160 
161 
.175 
209 
211 
241 
250 
250 

PP• 

32 
38 
90 

124 

396 
400 
592 
735 
765 
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. 9 S. 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. 

59 

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 al0ng 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 . 

Geologv 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 3,000 
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 ~ small part of the older fill, mostly along present stream 
channels. 

Older alJuvial fiU.- -Over lying 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 gener al 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 gr ade 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 depos its 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. D11ring this time a series of lake deposits was 
formed, consisting largely of clays . Regarding the composition of these deposits, 
now commonly referred to in the area as the('lake beds'~ Schwennesen (1 917, 
p. 8) says: ''They cons ist chiefly of gray, yellow, and greenish-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 artes ian water is the principal 
source of ground water used for irrigation in the basin. 

In figure 6 the 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 '.1/ 

inches to a few feet . They have limited areal extent, and retain insuffiClsnt 
water to be considered important aquifers in the basin . 

Ground water 

Occurrence and movement 
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In the San Simon bas in, 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-ped deposits and in the underlying stream 
deposits . This artesian water is encountered at depths r ang ing from about 
350 feet to at least 2,500 feet . The nonartesian water occurs in the older 
alluvial fill overlying the blue clay. The water t able 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 unde1·­
ground barrier of undetermined nature and forms the San Simon Ciena5a, 
an area of a bout 1,600 acres . The amount of ground water which moves nort h­
ward from the c ienaga to recharge the nonartesian system is not known. 

Cushman and Jones (1 947, p. 9) estimated that about 15 percent of tte water 
applied to the land reached the water t able 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 acr e - 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 I of this report is, 
in gener al , applicable to the San Simon bas in. 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 deposit s, occurr ing 
extensively near the surface in this basin, effectively hold the soil m oisture 
derived fr om precipitation at shallow depths within reach of evapotr anspiration . 

The major source of recharge to the nonart es ian aquifer s is pr obabl y 
seepage from r unoff in stream channels . Seepage occurs in the permeable 
sandy or gravelly sediments in washes carrying r unoff from the mountains t o 
the alluvial slopes which form the valley floor . Most of this seepage is derived 
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from winter pr:ecipitation. 
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 r unoff occurs during the months of July and 
August. Recharge f:r~m this summer-storm runoff 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 artes ian s ystem receive practically all their recharge from runoff. The 
pr incipal recharge areas are the gravel zones near the steep mountain fronts, 
outs ide the area underlain by the impervious clay stratum. The waters enter 
the per meable beds, and move downward and into the aquifers that extend be­
neath the confining lake- bed clays. 

Discharge 

Ground water is disch'arged from the aquifers in San Simon basin by natural 
and artificial means. Natural discharge occurs as evaporation, transpiration, 
and underflow. Artificial discharge occurs as p umpage and artesian flow. 

Natural discharge.-- Evaporation and transpiration from the nonartesian 
aquifer s occur wher e 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. 
Elsewher e in the basin the water table is at relatively great depths and the 
amount of ground water dischar ged by evaporation and transpiration is probably 
small. 

Natural discharge from the artesian aquifers of the San Simon basin probably 
occurs as underflow to the Saffor d basin. Higher concentrations of dissolved 
miner als in the northwestern par t of the basin are a probable indication of this 
movement . The quantity of water discharged from the basin by underflow i~ not 
known. 

Art ificial dischar ge .--Ground water is discharged from the nonartes ian aquifers 
by pumping from wells for irrigation, domestic, and stock use . In 1946 ther e 
were three irr igation wells which pumped approximately 200 acre- feet per year 
from the nonartes ian aquifers (Cushman and Jones, 1947, p. 9) . Since then at 
least t hr ee more wells have been drilled for irrigat ion use . These irrigation 
wells ar e 12 inches in diamet er, r ange from 100 to 190 fe et in dept h, and pump 
about 100 to 250 gallons per minute (table 10). 

In 1952 , about 80 irrigation wells dischar ged artesian waters of t he San 
Simon basin in two general ar eas: (l) An area of ear l ier development in the 
vic inity of San Simon; and (2) an area of r ecent 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 

t8 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 tLan 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. 11 S., 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. l, 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 art8sian t ead in the past few year s ~1as c2m::ed a decrease in 
the amount of water W3.sted. 

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('availaole''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 per cent, and an aver age 
reservoir depth of 100 feet. 1'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 ava ilable 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 measurement s 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 a bout 20 wells are measured sever al 
times a year . In 1952, a bout 40 add itional 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 artes ian wells in the vicinities of San Simon and 
Bowie . In these nonartesian wells, the average net decline in water levels 
was a bout 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 i.n water levels in artesian wells (D- 14- 31)3bbd and 
(D-14- 31)25add in the vicinity of San Sim on aver aged about 27 feet in the period 
1915-52, of which 9! feet occurred in t he period 1940- 52 . The decline in 
water levels in a ::.·tesian wells (D-12 - 28) 17ddd and (D - 13- 29)6ccc in the 
vic inity of Bowie averaged 13 feet in the per iod 1915- 52 , of which 6! feet 
occurred in the period 1940- 52 . The gr aphs of water - level fluctuat ion show a 
uniform r ate of decline in each area . The decline in the vicinity of San Simon 
has been greater than that near Bowie because of the gr eater 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) lObbb. Chart s 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 be ing pumped. Wells that formerly flowed throughout the 
year now flow only duri_ng the winter m onths when the pressure relief caused 
by pumping is at a minimum . 
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Q.ualitv of water 

Chemical analyses of ground water 

A study of the quality of ground water in San Simon basin was m ade 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 (1 917, 
pp. 16- 17) presented analyses of 25 samples in a discussion of quality of water . 
An insufficient number of water analyses ar e available to the Geological Survey. 
to per m it a general study of condit ions later than 1946 . 

The result s of the 1946 studies ar e 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 appr eciably 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 artes ian aquifer s . Samples obta ined from the nonartesian aquifers show that 
the waters are generally more highly mineralized than artesian waters in the 
same area . T here 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 bas in . 

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 part s per million. About 70 percent of the waters sampled in the basin 
conta ined more than 1.5 parts per million of fluoride, and waters with more than 
10 parts per million of fluoride ar e common . 

Irrig-ation use . -- Of the water samples from San Simon bas in 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 moder ately 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 w3:-ter 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 ciena;sa. 

Summarv 

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 R odeo, N. Mex., to the vicinity of 
Globe, Ariz. 

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 r elated to the mountain rocks, underlie the basin at depths 
r anging 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
er ate, 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 of 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 . 
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Taole 9 •. --Re cord s of representative wells in San Si mon oasin, Cochise County, Ariz. 

Water level Discharge Pumping level 
Depth oelow Date of Gallons Date of Depth o elo v1 

Well Depth of land- surface measure- Type o7 Use o~ Log on Analysis per measure- measuring 
no. well (feet) datum( feet)~ ment lift 0 water file on file minute ment point~ feet) 

(D-12-28) 
22cdc 660 49.34 10/ 51 ~.Bu I X ~ 935 5/ 52 143 
35cdc2 620 s4.26 10'! >)1 T G I X - 66s s'! ~2 1~0 

(D-13-28~ 
3c 830 - - - p :z: X - -
9D CC - 17 4. 88 4/1)2 T'G I - - 2.100 >i / >)2 -

(D-13-29) 
l3ba c 860 46. 27, 1/52 - N - X - - -
27acc 1,040 - - D I ll - 1,4go >i/ ~2 141 

(D-13- 30 ; 
3cd 855 - - - I . X - - - -
19ccc 980 - - - - X - - - -
36ccc 1,380 Artesian I. - ")00 ")/ ")2 2q") 

( D-13- 31) 
20dad 648 Flows - Cf ,E D, S,I - :X: 150 4/46 -

· 2lcaa 1,280 - - T,E I X - 510 5/52 106 
28baa 763 Flows - E D,S,I - X 230 5/ 52 15-3 
30cca 72 61.64 12/40 G,W D - X - - -
33aac 648 4. 00 n/4o - I X 

( D-ll.!- 31 ) 
3cda 700 - - T,E S,I - - 105 4/46 -
l5ci'..d 800 5-99 6/51 T,D I' - - 550 5/52 3J. . 3 
23cccl 650 - - T,E I - - 245 5/52 93 . 8 
25dbc 6oo 12.85 12/40 Bu D, S,I - - 275 5/ 52 64.4 
26bbc BOO - - 1I·.E D I 2~~ 5/-52 h"1._8 __ 

( 1)-11+=32) 
30ocd 560 Flows - Cf E D s .I - ll5_ 5L52 j 

~ Depths were corrected to l and-surface da tum from me asuring point. 
oj T, turbine ; Cf , centrifugal; C, cylinder; Bu , butane; G, gasoline; D, diesel; E , electric ; W, windmill. 
~/ I, irrigation; P , public suppl y ; D, domest ic; S, stock ; N, not uced. 

Date of 
measure-

ment 

5/52 
~'! 1)2 

-
-

-
5L52 

-
-

__5/52 

-
5/52 
5/52 
-
-

-
5/52 
5/52 
5/ 52 
-~ 

-



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

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

----·----·----·---------------~~---~-r~~~+-------------------------------+-~·~~~~~~ 

(D-l2-28)35cdc2 
Topsoil, red - - - - -
Caliche, light - - - - · 
Sandy clay, red - - -
Clay, blue - - - - - -
Sand and gravel dry - -
Clay, yellow- - - - -
Clay and .boulders, 

yellow - - - - - - -
Clay, yellow- - - - -
Sand and gravel, yellow 
Sand and rock, hard, 

yellow - - - - - - -
Cl ay with sand, yellow 
Blue shale, sticky - - · 
Blue clay - - - - - - · 
Sand and gravel, ·grey 
Shale, sticky, bl ue - -
Gravel and boul ders, 

(littl e water) - -­
Shale, sticky, blue - -
Cl ay and shale, bl ue - -
Shal e, sticky·, blue - -
Sand and gravel , 

(water at 485 1), grey 
Gr avel and sand with 

clay streaks, grey - -
Sand and gravel, gr ey -
Sand and f i ne gr avel , 

grey - - - - - - - - -
Boul der s , gr ey - - - - -
Har d s and rock, gr ey - -
TOTAL DEPTH 

(D- l3 - 28)3c 
Sand - . 
Soil - - - - - - - - -
Cl ay - - - - - - - - - -
Sand and gr avel - - - -
Cl ay - - - - - - - - - · 
Sand and gr avel - - - -
Cl ay - - - - - - - - - -
Sand and gr avel - - - -
Li ght br own cl ay - - - · 
Sand - - - - - - - - - · 
Gr ey shal e - - - - - - -
Water sand - - - - - - -
Blue clay - - - - - - -

4 
4 

20 
7 

15 
20 

5 
40 
5 

15 
31 
29 
38 
22 
13 

7 
30 
60 
10 

20 

10 
89 

6 
15 
5 

2 
8 
5 
2 
2 

ll 
8 

13 
57 

2 
25 
5 

10 

4 
8 

28 
35 so 
70 

75 
115 
120 

135 
166 
195 
233 
255 
268 

275 
305 
365 
475 

495 

505 
594 

600 
615 
620 
620 

2 
10 
15 
17 
19 
30 
38 
51 

108 
110 
135 
140 
150 

Brown clay - - - - - - -
Grey shale - - - - - - -
Sandstone ---- - --­
Grey shale - - - - - - -
Brown sandy shale - - -
Sand and gravel - - - -
Brown shale sand and 

gravel - - - - - - - -
Sand and gravel - - - -
Brown shale - - - - - -
Sand and gravel 
Boulders - - - -
Blue shale - - -
Sand and gravel - - - -
Water sand, big flow - -
Sand and gravel - - - -
Sand gravel, hard - - -
Water sand - - - - - - -
Blue shale, hard - - - -
TOTAL DEPTH 

38 
64 
3 

19 
41 
5 

5 
126 
41 
so 

3 
7 

56 
4 

113 
40 
so 
15 

188 
252 
255 
274 
315 
320 

325 
451 
492 
542 
545 
552 
608 
612 
725 
765 
815 
830 
830 

------------·---------------r----------r--------
(D·-13-29 )24dcc 

Topsoil - - - - - - - -
Hard pan - - - - - - - -
Caliche - - - - - - - -
Sandy clay, grey- - - -
Brown clay, s oft - - - -
Sandy clay (water) - - ­
Lime clay - - - - - - -
Brownish shale - - - - -
Blue shale - - - - - - -
Sandy blue shale - - - -
Blue shale, hard - - - -
Black shale, tough - - -
Blue shale, (tr ace of 

sand - - - - - - - - -
Bl ue shale - - - - - - -
Br own shale, har d lime-

stone - - - - - - - -
Black fine sandy clay -
Grey shale, hard - - - -
Black sandy clay - - - -
Black sil ty clay, (loose 

sand) - - - - - - - -
Sand and small gr avel -
Grey shal e, hard - - - -
Gravel and sand - - - -
Gravel a:1d sand with cl ay 

3 
3 

74 
8 
7 

17 
28 

8 
180 

7 
245 
48 

7 
43 

107 
23 
6 

10 

8 
8 
5 

55 
30 

3 
6 

so 
88 
95 

112 
140 
148 
328 
335 
580 
628 

635 
678 

785 
808 
814 
824 

832 
840 
845 
900 
930 
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Table 10.--Logs of representative wells in San Simon basin--continued 

--------·--------------~~~--~~-~~~--------------·-------~~~---~~~ Thickness Depth Thickness Depth 
------------+~(f~eet) (feet ' (feet) (feet) 

Gravel and shale, 
(hard) - - - - - - - -

Gravel and shale, 
(very hard) - - - - -

TOTAL DEPTH - - - - -

(D-l3-30)28acc 
Surface soil, dark -
Caliche, light - - -
Caliche and boulders, 

light - - - - - - - -
Sand and small gravel 

(trace of H2o), red -
Clay and gypsum, light 

blue - - - - - - - -
Gypsum, light - - - - -
Blue shale, blue - - -
Grey shale, grey - - -
Sand, hard, red - - - -
Congl. of soapstone, 

brovm shale, little 
sandy, brownish - - -

Congl. of sand, small 
gravel, and brown 
shale, brown - - - -

Sand, brown - - - - - -
Congl. of sand, quartz 

and shale streaks, ' 
light brown - - - - -

Sand, soft, with quartz-
water, grey--- - -

Sandy quartz, hard 
streaks, grey- - - -

Sand, soft with some 
boulders (water sand) 
grey - - - - - - - -

Sand, hard cemented with 
some large boulders, 
grey - - - - - - - -

Sand, soft streaks, some 
water, grey - --- -

Cemented sand, hard 
very light - - - - -

Hard sand with blue 
shale streaks very 
thin, light blue - -

Brown shale, sandy, 
brown - - - - - - - -

15 

19 

4 
24 

44 

15 

113-
40 

408 
113 

4 

9 

14 
2 

5o 

12 

13 

22 

4 

39 

68 

6 

29 

945 

964 
964 

4 
28 

72 

87 

200 
240 
648 
761 
765 

774 

788 
790 

840 

8_52 

865 

887 

891 

930 

998 

1004 

1033 

Sand , gravel and 
granite wash water, -
light grey - - - - - 35 

Brown shale - - - - - - 6 
Sand, gravel and boulders, 

light - - - - - - - - 34 
Rock with some broken 

sand (hard), brown - 30 
Rhyolite (very hard), 

dark - - - - - - - - 82 
Rhyolite, boulders, 

quartz and some sand, 
(white), brown --- B 

Granite boulders with 
some mica and brown 
shale, brown - - - - 9 

Shale, brown - - - - - 28 
Conglomerate sand, 

boulders, quartz, 
brown 45 

Shale, red - - - - - - 7 
Red shale and sand, red 16 
Sand (water) ----- 21 
TOTAL DEPTH - - - - - -

1068 
1074 

1108 

1138 

1220 

1228 

1237 
1265 

1310 
1317 
1333 
1354 
1354 

-----------------------+-------4-------
(D-l3-31)3lcb 

Clay - - - - - - - - - 78 
Sand - - - - - - - - - 4 
Clay - - - - - - - - - 4 
Sand and gravel - - - - 57 
Dense dark blue clay 

with foul odor - - - 422 
Fine sand - - - . - - - - ·6 
Grey, joint cl ay - - - 86 
Fine sar.d ~ - - - - - - 5 
Caliche .ar.d clay. --- 43 
Coarse sand - - - - - - 5 
9aliche, pebbles , clay 86 
Coarse sand - - - - - - 4 
Hard clay - - - - - - - 5o 
TOTAL DEPTH - - - - - -

78 
82 
86 

143 

565 
511 
657 
662 
7U5 
710 
796 
Boo 
850 
850 

1
- ----f----

( D-14-31) l6dc 
Surface soil - - - - - 3 3 
Light brown clay and 

silt, considerable lime 71 74 
Light brown clay and I 

silt, highly calcareous, 
water at 75 feet - - I 46 120 



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

Thickness Depth 
(feet) (feet) 

-------------------------~~~ 

Light blue clay - - - -
Evenly graded water­

worn particles of 
light blue shale or 
clay; first water 
stratum - - - - - - -

Blue clay - - - - - - -
Light brown clay - - -
Blue clay - - - - - - -
Fine clean sand - - - -
Blue clay - - - - - - -
Light brown clay; lime 
Sand; flowed 10 gallons 

a minute - - - - - -
Partly cemented sand 

and gravel - - - - -
Brown clay mixed vli th 

lime - - - - - - - -
Sand and gravel; flowec 

about l gallon a 
minute - - - - - - -

Sticky brown clay - - -
Partially cemented sand 

and gravel - - - - -
Brown clay - - - - - -
Partially cemented sand 

and gravel; water - -
Clay - - - - - - - - -
Partially cemented sand 

and gravel; water - -
Fine cemented sand and 

clay - - - - - - - -
Partially cemented fine 

sand; water - - - - -
Very fine cemented sane 

and clay - - - - - -
Fine sand; water - - -
Fine cemented sand - -
Fine sand - - - - - - -
Very fine sandJ some 

cemented clay and fine 
sand I 

Cemented sand and gravel 
Cemented sand and clay I 
Cemented sand and grave~ 
Cemented sand and clay 
Cemented sand, clayJ 

and gravel - - - - -
Cemented sand and clay 

203 

2 
4.5 
4 
8 
3 

2.5 
171 

ll 

3 

72 

l 
14 

ll 
21 

2 
.5 

.5 

21 

.5 

130 
3 

41 . 
2 

812 
2.5 
10 

.5 
2.5 

.5 
20 

323 

32.5 
370 
374 
382 
38.5 
410 
.581 

.592 

.59.5 

667 

668 
682 

693 
714 

716 
721 

726 

747 

7.52 

882 
88.5 
926 
928 

1740 
176.5 
177.5 
1780 
180.5 

1810 
1830 

Cemented sand and 
gravel - - - - - - - -

Cemented fine sand 
and clay - - - - - - • 

TOTAL DEPTH 
No water was encounterec 

below 928 feet. 

Thickness Depth 
(feet) (feet) 

.5 

16.5 

183.5 

2000 
2000 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

~ 

Well 
no. 

(D-11-29~ 
led 

36cb 
(D-12-28) 

22cdc 
(D-13-28 ) 

3c I 

8 
(D-13-29) 

18ba c 
24dcc1 

(D-13- 30) 
3bdc 

24adb 
(D-13- 31) 

30cca 
-(D-14- 31) 

4dcbl 
7ccd 

16dcd 
24dcc 

( D- 16-32) 
2ldd 

Table 11.--Analyses of water from wells in San Simon basin, Cochise County, Ariz. 
(Parts per . million except s pecific conductance and percent sodium) 

Specific . 
Date of Depth Tem- conduct- Mag- Sodium 
collectior of per a- ance( micro- Cal- ne- and Bicar- Sul- Chlo- Fluo- Ni- Di s-

well ture mhos at ciurr sium potassium bonate fate ride ride tra te solved 
(feet) (OF •) 250 c.) ( Ca) ( Mg) (Na-/K) (HCO~) ~) ( Cl) (F) (NO<;) solids 

8-3-46 6oc.;. 84 1,060 4.0 0.5 223 !!:./263 189 50 14 .2 610 
8-3-46 - 90 974 10 0 .9 196 198 154 86 3-0 2.2 550 

6-19-51 648 86 334 10 1.3 62 93 49 24 1.4 ·5 -sL216 

6-19-51 800 99 343 16 3-2 57 126 34 24 .8 1.8 c/231 
6-19-51 - - 495 50 11 44 252 29 16 .6 6.7 -:E./ ~2g 

5-2-41 860 78 346 14 5.2 58 e/133 45 15 2.3 - 205 
11-19-40 960 105 558 2.0 4.8 128 £[248 67 11 5-5 · .2 )40 

11-19-l+O 860 85 5;1.0 4.5 6.6 114 136 94 17 20 1.0 324 
4-29-41 880 65 6.60 5-5 4.4 157 &/281 42 10 1~2 - )8g 

,, 

l2-l-4o 72 61 949 30 . ll 186 
, 

i74 232 8g 4.7 2.8 642 

4-30-41 825 76 367 22 4.8 58 127 72 7.C 4.8 - 232 
12- 11-40 760 84 349 13 3-5 68 140 43 7.C 9-2 .8 214 
5-1-41 2,000 88 423 22 5.2 71 139 . 98 5.C 3. 2 - 272 
5-2-41 630 77 405 46 7-9 32 148 79 5 .c 2.4 - 245 

10-1.:....46 114 - 42 285 4.9 13 144 28 2. c .8 -7 162 
..... If' ..... -+ ,... .:: ........... .-..~ ~~.: __ _ , - -- .L .L' ~ J -~ . .., ..... . , - ' -

3 

Total 
hard-
ness 

as 
caco, 

12 
28 

30 

53 
170 

56 
2'5 

38 
)2 

120 

75 
47 
76 

147 

125 

~/Contains 22 parts per million silica (Si02) 
~Contains 32 pa rts per million silica ( Si02) 
~/Contains 48 parts per million silica (Si02) 
e/Conta ins equivalent of 10 rarts per ~illion carbonate ( co3) 

carbona te (CO)) 
g/Conta ins equival ent of 58 par ts pe r million 
- ca rbona te (C03) 

Per-
cent 
so-
dium 

98 
94 

8 2 

70 
36 

69 
9 2 

87 
__91_ 

77 

63 
76 
67 
32 

18 
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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-flowiqg San Pedro River between the International Border and 
The Narrrows (pl. 9). ~s 9efined, 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 enterj.ng 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 Nar r ows dr ains an 
ar ea of about 2~5DO _square .inUes, of which a bout 65(} squar e ·m iles is in Mexico. 
and about 1,850 s quar e miles is in the United Stat es (Water-Supply Paper 
1049, pp , 335- 345). . 

Although the general t r end of t he bas in is nearly north, t he ind ividual m oun­
tain r anges trend west of north. This relationship gives t he valley an irregu­
lar outline which is accentuated by the Tombstone Hills. These hills jut into 
the valley fr om between the Dr agoon and Mule Mountains and divide the Upper 
San Pedro basin, s tructur ally and hydr ologically, into tw o s ub- basins . The 
division between the s ub- basins was selected as the dr a inage divide separ at­
ing tr ibutary s treams above Char leston from those below. The upper s ub­
basin is designated in t his r eport as the Char les ton s ub- bas in and includes 
the area between the Inter national Border and Charleston; t he lower is called 
the Benson sub- basin, and includes the ar ea between Charleston and T he 
Narrows . 

Geolog-v 

General discuss ion 
. 

The geologic map of the Upper San Pedro basin (pl. 9) is compiled from 
the geologic m ap of the Stat e of Arizona (Darton and other s , 1924), publ ished 
reports (Butler and others , 1938 ; Dar ton, 1925 ; Rans ome , 1904), arid un­
published data and reports in t he f iles of the Geological Survey (Moor e and 
others, 1941 ; Bryan and ot hers , 1934 ; Cooper, J. R . , unpubl ished data ; Moor e , 
B. N., unpublished dat a) . 

Rock types in the Upper San Pedr o basin include the cr ystalline and meta ­
morphic complex, pr e-Tertiary sedimentar y rocks, Cr etaceous (?) and Terti­
ary( ?) volcanic rocks, Tertiary and ~uaternary 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 a]luvial fill rarrge.s from a few 
feet to at least 1,500 feet. In the Tombstone area hills· :0f 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 1 ~ 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 c.omposition of both the shallow flood-:-plain deposits an<) the older 
all uvial fill. 

Recent alluvium.- -The following logs are considered representative of the 
flood-plain deposits along the upper San Pedro River: (D-16-20)34acd1 at 
Pomerene; (D-1 8-21)28db5 south of St. David; and (D-2 3-22)10acc in the ·Here­
ford area. These logs show that unconsolidated sands and gravels 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, shows a 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. Davhi- Pom.erene area 
r ange 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 13 . 
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 d.ifferences 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 alt ernation 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 8 . 

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 250 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 sedimentk 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 SA 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 ~(figun:8A) 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 ar e 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) ar~e 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 gr ade 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 gr avel (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 s and 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 - . 
urn 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 'o/here 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 is 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 fla~k of the valley, penetrates coarse d;ry 
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 
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the alluvial fill, with the possible exception of sorrie of the separated lenses 
shown within the upper series of clay and silt. Because of this inter communi­
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 bed's 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. 8B) 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 adja .ent to the areas of exposed t edr ock. The r elations 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 hvdrologv 

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 
fro m 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 obta ined 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. 

Rechar ge 

Ground-water rechar ge to the Recent alluvial fill occurs from: (1) Pre­
cipitation and runoff; (2) surface flow in the river; (3) underflow; (4) seepage 

-from irrigated a reas; and (5) movement of ground water from older fill to 
Recent fill. 

Precipitation and runoff. --Rechar ge from direct infiltration from pre­
cipitation on the valley floor is believed to be negligible. Most recharge is 
believed to occur from infiltr ation of runoff along the mountain fronts and in 
the central dra inage channel of the valley. Only rechar ge from runoff along 
the mountain front s is considered in this section; rechar ge from surface flow 
in the central dr a inage channel is cons idered separ ately. 

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 mounta in areas are made separ ately for the Charleston and 
Benson sub- basins because conditions in the two sub- basins rel~ting to this 
runoff are somewhat. differ ent. 

T he Charleston sub- bas in is the smaller of the two and has a higher r atio 
of mounta in area and a higher aver age r a infall in the mountains. About 185 
square miles of mountain area in the Charleston sub- bas in rece ive an esti­
mated aver age a nnual r a infa ll of about 18 inches , or about 175,000 acre-feet of 
pr ecipitation annually. Runoff from pr ecipitation in tne mountam areas is 
estimated to be between 8 and 15 per cent of the precipitation in the mounta in 
ar eas. (Part I, this r eport). Us ing these percentages , the runoff at the 
mounta in 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 t he runoff at the 
mounta in front is recharged to the alluvium in other places in the State. 

1 01.:~ 11 +· 
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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. lt. ,ifl :!a-
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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 poss ible 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, 4-! 
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, . ~3~ p. 233; 899, p. 248; 929, p. 267; and 1049, p, 336). At the gaging station at z.'-,'­
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 m inus an error of about 20 percent. This computation was based on data 
from existing gaging s tations, none of which is at The Narrows . 

Thus, insofar as the data are accurate, an estimated aver age 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 CharlestoJ 
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 in the reach. 2.1.1>+-

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 
3,500 acre-feet per year. An intermediate figure, 2,000 acre-feet per year, 1- ·~~ 
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 ~'li' estimated to be about 2,500 acre-feet annually. Of this total, 
about l~Oll acre-feet is considered to have been recharged in the Benson sub­
basin and 700 acre-feet in the Charleston sub- basin. 

\ ,}f 

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 Palomina s­
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-feetJ is 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 . T he 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 individudl 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 li 
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, 5,00() acres is in the Charleston sub- 1 c} 
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 acre is 
from ground water. The density of phreatophytes is estimated to be a bout 
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 s..ub-
basin about 4,400 acres. The annual consumption of ground water by 
evapotranspiration in the Charleston sub-basin is therefore estimated ~ s d/'~ 
to be about 2,500 acre-feet, and in the Benson sub-basin, about 11,000 ,~ .'I.-
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- '- ·' 
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 saddl~ immediately west of the drainage divide suggest that a bedrock 
barrier exists. 

Sprine:s .-- Incomplete data regarding springs indicates a total discharge 
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 
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 Huachuca . 

Storage 

The terms"latent storage" and uunderlying 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 . 
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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; rionartesian 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 f~ct 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 _?man· 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 storag-e 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. Rap id 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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Figure 9.--Graphs showing fluctuations of water level in observation wells in the Upper San Pedro 
basin Cochise County. 
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River, is especially significant in that slight rises in water levels are 
indicated in 1851-52 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 . 

Q.ualitv 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, r anging 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 water s 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 sed~entary 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 theRe­
cent alluvial fill is of good quality and generally contains less than 300 parts 
per million of dissolved solids. 

Quality of artes~an 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) 9cbc, (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 3,680 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 
relat ion 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 esser~­
tially in hydrologic balance. More water enters the basin than is used with·· 
in it and the 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 

Special problems and additional studies 
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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 aquifer s 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 rechar ge of the 
shallower aquifers in local areas . 
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Methods of increas ing 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 . Rechar ge 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. T he suitability of the project must be evaluated in 
terms of the probable effect of these 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 frcnt by retarding r unoff. The possibility of artificial 
recharge to arte s ian aquifers in the Benson area has been mentioned . 

Summary 

The Upper San Pedro basin is bounded by drainage divides in the moun­
ta ins on the east and west, by the International Border on the s,outh, and by a 
hard-rock barr ier at The Narrows on the north. It is drained by the north­
flowing San Pedro R iver which continues past The Narrows into the Lower 
San Pedro basin. The Upper San P edro 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. m iles by bedrock. The area has been 
subdivided into t he Charleston and Benson sub- b.asins in the vicinity of 
Charle ston, along 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. T he old­
er alluvial fill has been incised by stream channel s which have been partly 
refilled with Recent alluvium. The flood -plain thus formed averages about 
half a m ile in width along the San P edro R iver . A total of 5,600 acres on this 
flo od plain was cultivated in 1952 . 

The average flow of the San Pedro R iver into t he Charleston sub- bas in 
at Palo minas is a bout 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 t he total gain of water to t he river from all sources in the sub- basin 
exceeds t he t otal amount used by a bout 20,000 acre- feet per year. 

Surface flow out of the Benson sub- basin at The Nar rows is about 45,000 
acre- feet per year. The lack of net loss of surface flow in the Benson sub­
basin indicates t hat r echarge and runoff are essentially in equilibr ium with 
all discharge, except surface flow, from the sub- bas in, 

Ground water in the Upper San Pedro basin is obta ined from both the 
Recent and older alluvial fills . Along the axis of the valley, water in the older 
alluvium is under sufficient hydraul ic head to flow or to rise to within a few 
feet of the land s urface . Two artesian areas are designated ; St. David­
P omerene, and Palominas - Hereford . 

• 
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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 . 

G:round 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 mcrny 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 pos.sibility 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 representa tive wells and springs in Upper San Pedro oasin, Cochi se County, Ariz. 

I I water level I 
Depth below Date of 

Well or Depth of land- surf ace measure- Ty:pe of Use of Analysis Log on Remarks 
spring no. well (feet) da tum( feet )~/ rnent lift3_/ vJater:::_/ on file file 

(D-15-19 ) 
2lc 131 - - - - X - Spring; aquifer, schist. 

(D-1 5-21) 
18dcb 100 d/ 98 7-51 J,G s X - Discharge, 2 gfm, 7-51. 

( .D-16-lg ) 
lld ~I - - - D, S,I X - Spring; aquifer, s andstono within clay 

beds. Discharge, l gpm estimated. 
l7ab 75 69.27 5-51 J , W s X - Dug well, 41 x41 • Discharge ,l~gpm , 5-51. 

( D-16-20) 
6dcc 

I 
700 Flows 10-50 - N - - Discharge, trickle . 

7bdb 78 

I 
~/ 50 10-50 T,D D, S,I X - Discharge , 600 gpm . 

7c I?. I - - - D, S X - Spring; aquifer , clay beds. Djscharge 

' 
i gpm estimated. 

27b I 590 - - - - - X -
34acdl 117 !!.1 87 - T, G I - X -
34acd2 98 82 . 81 4-- 52 C, Vl D - - See hydrograph, Fig . 9· 
34dab 1000 - - - p X( 2) !!_/ X -
34dba 750 d/ 16 1934 T,E ; c;w p - X -

( D-lb-22) 
l5ac 131 - ,_ - s X - Spring ; aquifer , granite. Discharge, 

l gpm estimated. 
( D-lb-2'3 ) 

19cb 565 !!.1 400 3-50 - RR - X -
( D-1 7-19 ) 

l7ab 1550 - - - s - X Oil t est. 
( D-17-20) 

I 
9adc 1000 f/ 11.6 7-46 T, EandG p - X Flow, 35 gpm ; pump, 450 _gpm, 7-46. 
9cbc 1088 d/ 49 10-46 - D X( 5)~/ X -
9dd 1505 ~/ 13 1921 - - - - Lake beds ; main water from 902-938 and 

1337-1371. ,.... I n _ _ _L,_ , . , 
~ , - . . - . . - -

~~ J, jack; T, turbine ; D, diesel; E, electric; G, gas ; W, windmilL e/ Number of dep ths from which water analyse s a r e on 
:::_/ D, domestic ; I, irrigation; Ind .; industrial; ~ . not used; P , - file . 

public suppl y ; RR , r a ilroad; s , s tock. ~/Pressure l evel above l and surface. 13/ Spring . 



Table 12.--Records of repre sentative wells and springs in Upper San Pedro basin--continued. 

ivater level 
Depth below Date of 

ivell or Depth of land-surface measure- Type of Use of Analysio Log on Remarks 
spring no. we ll (feet) datum( feet)~/ ment lift~ water!}./ on file file 

( D-17-"20) 
lOcac 1068 !) 5 1946 T,E p X - Flow, 35 gpm. 
lOccc 700 15. 55 6-49 - - - - See hydrograph, Fig. g. 
lOdd 707 - - - - - X -
18da 627 ~520 1951 J,G RR X X Discharge, 400 gpm , 1g51. 

-
(:C-17-21) 

l5c 1000 325 lg46 Airlift ,I RR - X Di scharge , 100 gpm, lg46. 
3lda2 380 Flows lg34 - D, S, I X X Discharge, 2 gpm, 2-34. 
32bad 520 18.34 9-44 J, W D,S - - See hydrograph, Fig . g. 
32dcd 1012 Flows 10-48 T,E p, I - X Flow, 11 gpm; pump, 350 gpm , 10-48. 
32dd 200 5-29 2-'47 J, EandW D X - Discharge, 9 gpm , 9-44. 

(D-17- 23) 
18a §.1 - - - D, S,I X - Spring, aquifer limestone. Discha rge , 

3 gpm esti111atcd. 
(D-18-21) 

6aab 60 31.74 5-52 J,W I - - See hydrograph, Fig. g . 
7aa 760 ~/ 16 lg42 T,E Ind. - X -
28 c 470 Flows - - I l X Dischar ge , 8 ~m , 6-47. ;z 
28db5 105 ~ 70 7-46 - I - X -
33cb 625 Flows 6-47 - - - X -
34d 560 25.62 5-52 - N - - See hydrograph, Fig. g. 

(D-20-20) 
32cd 125 91.07 5- 52 - N - - See hydrography, Fig. g. 

(D-20- 21) 
3Ccl-- 623 ~ 37 1909 - RR - X -

15a - d/ 12 lg34 J,W D X - Dug well. 
( :C- 21-18) 

6c 1115 - - - - ' - X Oil test. 
7 774 d/ 2g ll-51 - I - X -

(D-21-20) 
29-1 802 - - - - X - -
2g- 2 800 444.21 5-52 T,E p - - See hydrograph, Fig g . 
33ab 912 460 1-42 - - - X Test well . 

------- -
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Table 12 .--Reccr ds of representative wells and springs in Uppe r San Pedro basin--continued. 

water level I 
I Depth qelovJ 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 lift~/ water::_/ on file file 

( D-21-21) 
-rra:a- 36 27.14 5-52 J, W D - - See hydrograph, Fig. 9; dug we ll, 48" 

diameter. 
( D- 21-22 ) 

20d ~I - - - s X - Spring; aQuifer, Re ce nt fill. Discharge 
100 gfm estimated . 

(D-21-20) 
29bdb 973 ~/400 12-49 - D,S - X wate r rose from 955 1 • 

( D- 22- 20) 
3la ~ - - - p X - Spring ; aQuifer, limestone faulted 

against QUartzite. Discharge 100 gpm 
estimated. 

(D-23-21) 
bCc-- 70 9.41 5-52 J,W s - - See hydrograph, Fig . 9. 
( D- 23- 22) 

3a 114 d/110 1934 
. 

X Dug we ll, 3 ft. diameter. - - -
l Oacc 384 d.j 23 8-51 - I - X -
l5b 350 d.j 10 1934 - I X - -

~ D-24-21) 
ll 1015 ~/180 10-4$ - - - X -

( I:- 24- 24) 
18 200 -~/121 - - - - X -

\ 



Table 13 . --Logs of r epresentat ive wells in Uppe r San Pedro basin, Cochise County, 
Ariz . 

;Thickness Depth Thickness Depth 

(D-l6-20 )27b 
So il - - - - - - - - - -
Red clay - - - - - - - -
Packed sand and clay - -
Cl ay and grave l strat a -
Very ha rd, st r eaks of 

caliche - - - -- - - -
1·/hi te sand pumped out 
TOTAL DEPTH 
First water a t 430 1 • 

Rose to 21 1 and l ater 
t o 5 1

• 

(D- l 6-20 )) 4acdl 
Top soil - - - - - - - -
Sandy so il - - - - - - -
Sand , a little wa t e r -­
Sand , gr ave l and more 

wate r - - - - - - - -
Red clay - - - - - - - -
TOTAL DEPTH 

(D-l 6-20 )'34dab 
Soi l, dark . - - -- - - - -
Sand , gravel , ye llow - -
Clay , r ed - - - - - - -
Sand, gravel - - - - - -
Cl ay , r ed ------­
Sand, gray - - - - - - -
Cl ay , sandy , red - - - -
Sand , g r ay - - - - - - -
Cl ay , sandy , r ed - - - -
Sand , r ock and clay , red 
Ro ck , gray - - - - - - -
Cl ay , red ------­
Ro ck , g r ay - - - - - - -
Rock , sandy , gray -- -
Cl ay r ock , light - - - -
Rock , light - - - - - -
Rock , light - - - - - -

Rock and clay~ =i:h~ = l 
Rock , light - - - - - l 
TOTAL DEPTH I 

( f ee t ) ( feet ; ( f ee t ) ( fe e t ) 

I 
H----1--~-1~ 

27 
403 

70 
80 

9 
l 

5 
55 
30 

25 
2 

3 
')2 

2 
-4 

449 
10 
16 
5 

26 
13 
45 

3 
22 
29 
21 
60 

178 
15 

7 

27 
430 
500 
580 

589 
590 
590 

5 
60 
90 

115 
117 
117 

3 
95 
97 

101 
55 0 
560 
576 
581 
607 
620 
665 
668 
690 
719 
740 
800 
978 
993 

1000 
1000 

(D-16- 20 )'3 4dba 
So il 
Gr ave l - - - - - -
Sand and sands tone - - -
Pink clay - - - - - - -
Gr ave l (artes i an water 

rises within 16 ft. 
of the surface 

TOTAL DEPTH 

(D- l 6-2l )l 9cb 
Caliche - - - - - - - -
Ceme nt ed gravel - - - -
Sticky clay - - - - - -
Cemented gravel - - -
Gravel - - - - - - - - -
Cemented gravel 
Sand st r eak , some 

wate r - - - -
Ceme nted gravel 
TOTAL DEPTH 
~ate r at 410 ro se 10 1 

to stand a t 400 1 • The 
water a t 460 1 d~Q not 
mater i a lly change 
wate r l evel. 

20 
70 
60 

300 

300 

100 
185 
115 

10 
2 

48 

l 
104 

20 
90 

150 
450 

750 
750 

100 
285 
400 
410 
412 
460 

-1----------------------~----------1------

(D-l7-l9) 17ab 
Surfa ce so i l - - - -
Lime and gravel 
Red bed - - - -
Cl ay and gravel - - - -
Gray l i me - - - - - - -
Sandy white lime - - - -
Red bed - - - - - - - -
Lime - - - - - - - - - -
Red bed - - - - - - - -
Hard congl ome r a te 
Red bed - - - -
:Blue lime 
Red bed 
Lime and shel l s 

- - -
- -

Gray lime , wat er test 
3 bbls . pe r h our - .. l 

20 
40 
18 
42 
20 
10 
75 
-10 
10 
10 
50 
3 
7 
7 

13 

20 
60 
78 

120 
140 
150 
225 
235 
245 
255 
305 
308 
315 
322 

335 
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Table 13 . --Logs of representative wells in Upper San Pedro basin- - continued • 

Thi ckness 'Depth Thi ckness Depth 
------------------~~( f~e~e~t~)~~(~f~e~e~t)_l-------------------~-~( f=e~e~t~) -+i(~f~e~e~t~) 

Red bed ~ - - - -
Gray lime - - - - - - -
Li me , shells ----­
Red bed - - - - - - - -
Blue l ime, 20 bbls • 

per hr . - - - - - - -
Red bed - - - - - - - -
Whi te shal e - - - - - -
Gray l i me - - - - - - -
Shale - - - - - - - - -
Brown l i me - - - - - -
Brown sand , dr y - - - -
Sandy shal e - - - - - -
Gray l i me - - - - - - -
Gray shal e - - - - - -
Hard gray shale - - - -
Blue shale - - - - - -
Blue lime - - -
Sandy shal e - - - - - -
Blue lime - - - - - - -
Gr ay green shal e - - -
Li me - - -· - - - - - -
Gray shale - - - - - -
Dark blue to bl ack 

shale , hard- -- - -
Li me - - - - - - - - -
Blue shal e - - - - - -
Gr ay lime -
Gr ay lime -
Blue sha l e 
Lime - - -
Blue sha l e 

- -

Li me - - - - - - - - -
Blue sha l e - - - - - -
Li me - - -
Blue shale 
Sandy shale 
Bl ue sha l e 
Blue shale 
TOTAL DEPTH 

(D-17-20)9adc 
Red sand so il -
Red c l ay - - -
Sand - - - - -
Red clay - - -
Sand , wat er - - - - - -
Red sticky clay - - - -
Red clay , thin layers 

of cemented sand - -

5 
48 
17 
25 

19 
33 
13 
15 
10 
10 
12 
12 
11 
15 

115 
100 

5 
10 
30 
5 

10 
10 

5 
15 
20 
10 
45 
30 
25 
25 
30 
50 
25 
80 
30 
45 

250 

3 
24 
3 

20 
18 

592 

23 

340 
388 
405 
430 

449 
482 
495 
510 
520 
530 
542 
554 
565 
580 
695 
795 
800 
810 
840 
845 
855 
865 

870 
885 
905 
915 
960 
990 

1015 
1040 
1070 
1120 
1145 
1225 
1255 
1300 
1550 
155 0 

3 
27 
30 
50 
68 

660 

683 

Sand , water raised to 
390 ft . - - - - - - -

Red c l ay , l i ttle sand 
Red cl ay - - - - - -
Red cl ay , layers of hard 

cemented sand at 720ft . 
water raised to 310 ft . 

Red clay , thi n layers of 
sand; water raised to 
215 ft . - - - - - - -

Red clay , st i cky -- -
Packed sand and gravel 
Cement ed sand , thi n 

layers of packed sane 
Cemen ted sand - - - -
TOTAL DEPTH 

(D-17-20)9cbc 
Red so il - - - - - - -
Re d clay - - - - - - -
Red sa ndy cl ay , ve ry 

small amoun t of 
wat e r - - - - - - -

Red cl ay - - - - - - -
Coar se gr a vel and I 

wat e r sand - - - ~ 
Sand and gr ave l - - = -j 
Sand - - - - - - - _- .... l 
Red cl ay - - ·- - -
Sand and gr ave l - - - -
Red cl ay b r oken with 

sand - - - - - - - -
Sand a nd r ed cl ay - - -
Sand - - - - - - - - -
Sand , har d and sharp -
Sand , so f t - - - - - -
Sand - - - - - - - - -
TOTAL DEPTH 

3 
14 
12 

28 

10 
53 
17 

40 
140 

10 
345 

2 
490 

6 
3 
7 
7 

16 

11 
18 
5 

50 
16 

102 

686 
700 
712 

740 

750 
803 
820 

860 
1000 
1000 

10 
355 

357 
847 

853 
856 
863 
870 
886 

897 
915 
920 
970 
986 

1088 
1088 

r---------------11-------~----
(D-17-20) 10dd 

Cl ay - - - - - - - - -
Sand and coar se gr ave l 
Cl ay - a rt es i an f l ow 

began he r e - - - - -
Sandstone - - - - - -
Grave l - - - -
TOTAL DEPTH 
Struck water at 15 ft . 

and cased it off • 

42 
82 

376 
199 

8 

I 42 
I 124 

i 500 
699 
707 
707 

• 



Table 13.--Logs of representative wells in U~~er San Pedro basin--eantinued 

(D-l7-20)18da 
Gravel - - - - - - - -
Clay and gravel - - - -
Clay - - - - - - - - -
Clay and gravel - - - -
Sand and gravel - - - -
Gravel - - - - - - - -
Sand and gravel - - - -
Sand 
Sand and gravel 
Gravel - - - -
Sand and gravel 
TOTAL DEPTH 

(D-l7-2l )l')c 
Sand - - - - -
Clay - - - - -
Sand - - - - -
Clay - - - - -
Cemented gravel 

boulders - -
Sandstone - - -

and 

Cemented gravel and 
boulders - - - -

Water gravel -
Cemented gravel 

boulders - -
Yellow clay - -
TOTAL DEPTH 

and 

(D- l7-21 )3 lda2 
Soil , g r ave l ----­
Quick sand , water- -­
Clay - - - - - - - - -
Sand, gravel - - - - -
TOTAL DEPTH 

(D-l7-21)32dcd 
Red soi l - - - - - - -
Red and gray sand - - -
Blue clay - - - - - - -
\Va ter sand and clay - -
Red clay - - - - - - -
Sand, gravel , water - -
Red sandy cl ay - broken 
Red clay - - - - - - -
Sandy red clay - - - -

lrhickness I Depth 
(fee t ) ( feet ' 

159 
207 
75 
75 

9 
20 
15 

8 
12 
2() 

27 

41 
21 
9 

11 

98 
5 

165 
22 

608 
20 

28 
27 

298 
27 

10 
15 
79 
76 
31 
19 
11 
79 
15 

159 
366 
441 
516 
525 
545 
560 
568 
580 
600 
627 
627 

41 
62 
71 
82 

180 
185 

350 
372 

980 
1000 
1000 

28 
55 

353 
380 
380 

10 
25 

104 
180 
211 
230 
241 
320 
335 

Clay - - - - - - - __ 
Red broken sand and 

shale - - - - - - - -
Yellow shale and 

broken rock - - - - -
Lime shells and broken 

yellow shale - - - -
Gray sandstone - 5 gal. 

wate r - - - - - - - -
Broken sandstone -

more water - - - - -
Red clay - - - - - - -
Red sand - - - - - - -
Red clay - - - - - - -
Red sand shale - little 

water - - - - - -
Light red clay - -
Red clay - - - - -
TOTAL DEPTH 

Surface water 
First artesian 
Second artesian 
Increase in water 

all along 

(D- l8-21 )7aa 
Surface soil (adobe 

and rocks ) --- - -
Adobe, with veins of 

gypsum - - - - - -- -
Hard, red clay - - - -
Soft, red clay - - - -
Sandstone - - - - - - -
Hard, red clay - - - -
'.Vater gravel, (first 

water strata ) - - - -
Hard , red clay - - - -
Red clay, slightly 

sandy - - - - - - - -
Sandy, red clay , some 

gravel - - - - - - -
Rocks, gravel and sand 

cemented together 
with red clay-- - -

Gravel and sand, second 
water strata - -- - -­

Rocks, gravel and sand, 
cemented together 

i with red clay -- - - -

Thickness Depth 
(fee t ) ( feet ) 

15 

30 

100 

145 

35 

15 
7 

33 
125 

20 
55 
97 

From 
106 
211 
350 

388 

32 

168 
47 
20 
3 

55 

3 
22 

50 

50 

100 

30 

70 

350 

380 

480 

625 

660 

675 
682 
715 
840 

860 
915 

1012 
1012 

To 
180 
330 
388 

840 

32 

200 
247 
267 
270 
325 

328 
350 

400 

550 

580 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

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

rhicknessTDepth 1 
(feet) 1 ( feet) J 

Gravel imbedded in 
sandy, red clay-- -

Sand and small gravel 
cemented with hard 
sandy clay - - - - -

Sand and small gravel 
cemented with clay -

Sandstone and cemented 
quick sand, with layers 
of silty clay - - - -

TOTAL DEPTH 

(D-l8-2l)28c 
Sandy clay - - - - - -
Cement - - - - - - - -
Quick sand - - - - - -
Cement, clay, sand - -
Clay - - - - - - - - -
Gravel, water - - - - -
Alternating sand and 

clay - - - - - - __ 
Cement - - - - - - - -
Gravel, water main flow 
TOTAL DEPTH 

(D-l8-2l )28db 
Red sand and gravel - -
\vater sand and gravel -
Red clay - - - - - - -
TOTAL DEPTH 

(D-l8-2l )33cb 
Soil, some sandy streaks 
Clay - - - - - - - - -
Water strata, some 

streaks of hard pan -
TOTAL DEPTH 

(D-20-21 )J ed 
Clay - - - - - - - __ 
Gravel - - - - - - - -
Clay -- -.-----­
Hard clay - - - - - - -
Clay and gravel - - - -
Gravel and water - - -
Sand and gravel - - - -

6 

28 

7 

150 
l 

10 
140 
50 
5 

llO 
l 
3 

70 
32 

3 

100 
400 

125 

6 
10 
89 

ll3 
32 
12 

8 

684 

691 

760 
760 

150 
151 
161 
301 
351 
356 

466 
467 
470 
470 

70 
102 
105 
105 

100 
500 

625 
625 

6 
16 

105 
218 
250 
262 
270 

Thickness Depth 
(feet ) (f~et) 

Clay - - - - - - - -
Clay and gravel - - -­
Sandy clay - - - - - -
Clay and gravel - - -
Cemented gravel - - - -
Boulders and gravel - -
Sand and gravel - - - -
Cemented gravel - - -
Gravel and clay - - - -
Cemented gravel - - - -
Cemented rock - - - - -
Solid granite - - - -
TOTAL DEPTH 

(D-2l-l8 )6c 
Red gravel - - - - - -.. 
Red gravel - -----
Limestone - - - - - -
Conglomerate - - - - -
Conglomerate - very hard 
Layers sandy shale andj 

hard shell - - - - -r 
Varying sand conglomer-r 

ate with shale -- ~ 
Shale - - - - - - -- - ~ 
Harder mixture of shale 

and sand - - - - -
Sticky red clay - - -
Red shale - - - - -- - -
Hard gray sandstone - -
Red shale - - - - - - -
Gray sandstone 
Red shale - - -

- -

Hard gray sandstone -
Red shale - - - - - -
Sandstone and shale -
Hard gray sandstone - -
Red clay and shale - -
Red shale - - - - - - -
Gray sandstone - some 

lime - - - - - - -
Sandstone - - -
Gray sandstone - - - -
Red shale - - - - - - -
Hard gray sandstone -
Shale - very muddy 

drilling - - - - - -
TOTAL DEPTH 

6 276 
40 316 
44 360 

ll4 474 
41 515 
15 530 
14 544 

• 19 563 
10 573 
39 612 

5 617 
6 623 

60 
42 
46 
66 

122 

75 

189 
5 

35 
5 

35 
50 
15 
55 
20 
60 
15 
15 
20 
30 
10 

40 
10 
20 
10 
50 

15 

623 

60 
102 
148 
214 
336 

4ll 

600 
605 

640 
645 
680 
730 
745 
800 
820 
880 
895 
910 
930 
960 
970 

1010 
1020 
1040 
1050 
llOO 

lll5 
1115 



Table 13.--Logs of representative wells in Uppe r San Pedro ba sin--continued. 

~hickness Depth 
( feet ) ( feet ' 

(D- 21-18 )7 
Silt 
Silt and gravel - - - -
Clay and gravel - - - -
\!la t er gravel - - - - -
Cl ay and gravel with 

water forming ooze -
Light brown c}ay with 

spots of gypsum - - ·­
Decomposed igneous 

materia l and clay - -
Light brown clay with 

small quantity fine 
gravel - - - - - - -

Blue gray shale a nd 
clay - - -- - - - - -

Sandy streak making 
some wa t er - 361 ft. 

Light brown sandy shale 
Blue gr ay shale (some 

sand) - - - - - - - -
Light colored porphyry 
Blue gray shale - - - -
TOTAL DEPTH 
Static water l evel 28 ft. 

(D-21-20)33ab 
Gravel and adobe 
Adobe and boulders 
Sand gravel, boulders, 

and adobe - - - - - -
Cl ay - - . - -· - - - - -
Gravel and clay 
Sand and clay -­
Sand - - - - -
Cemented sand - - -
Sand with thin clay 

l aye r s - - - - -
Sand a nd gravel - -
Coarse sand - - - -
Cemented sand and 

gravel - -
TOTAL DEPTH 

(D-21-2'3 )29bdb 
Loose grave l, sand, 

clay, (dry) ·- - - - -
Limes t one , sha l e and 

sandy lime , stratifieJ 
(Pal eozo i c limesto ne), 
(dry ) - - ·· -- - - - -I 

20 
10 
5 
7 

5 

163 

5 

100 

235 

53 

109 
. 43 

19 

67 
230 

149 
7 

34 
95 
35 

100 

45 
15 
70 

65 

250 

705 

20 
30 
35 
42 

47 

210 

215 

315 

550 

603 

712 
755 
774 
774 

67 
297 

446 
453 
487 
582 
617 
717 

762 
777 
847 

912 
912 

250 

955 I 

Thicknes s Depth 
( f ee t ) ( feet ) 

Fissure in limestone 
(water) ------­

TOTAL DEPTH 

(D-23-22) 10acc 
Soil and gravel mixed -
Gravel showing little 

water a t 36 ft. - - -
Sandy clay - - - - -
Water sand - - - - -
Gypsum - - - - - - - -
Sandy clay - - - - -
Gypsum - - - - - - -
Red clay - - - - - -
Water sand - - - - -
Sandy clay - - - - - -
Water gravel and sand -
Red clay - - - - - - -
Wa ter gravel - - - - -
Sandy clay - - - - - -
Wate r gravel and sand, 

well mixed - - - - -
Sandy clay - - - - - -
Water gravel and fine 

sa nd - - - - - - - -
Sandy clay - - - - - -
Sand and gravel heave s 

up from bottom two a r.id 
t hre e ft . - - - - - -

Sandy clay - - - - - -
Sand and grave l heaves 

up from bott om t wo 
a nd three ft. - - - -

Sandy clay - - - - - -
Gr ave l and sand mixed 

with heavy clay - - -
• 

Sand - - - - - - - - -
Sandy clay -
TCTAL DEPTH 

(D-24-21 )11 
So il - - - - - - - - -
Clay and grave l - - - -
Clay , gr avel and sand 

st r eaks - - - - - - -
Ceme nt gravel and clay 
Packed sand and grave l 
Clay and fine grave l -
Clay - - - - - .. - - -
Packed sand and gravel . 

18 

28 

8 
60 
6 

16 
26 
10 

4 
8 

10 
14 

4 
6 

14 

8 
22 

4 
4 

16 
6 

10 
44 

12 
8 

36 

7 
133 

70 
20 
26 
26 
16 
17 

973 
973 

28 

36 
96 

102 
118 
144 
154 
158 
166 
176 
190 
194 
200 
214 

222 
244 

248 
252 

268 
274 

284 
328 

340 
348 
384 
384 

7 
140 

210 
230 
256 
282 
298 
315 



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

I 
Clay and gravel - - - -~ 
Loose gravel and rock ..., 
Clay and gravel (hard) 
Sandy clay - - - - - -
Clay - - - - - - - - -
Clay and gravel - - - -
Packed sand - - - - - -
Tough clay - - - - - -
Gravely clay - - - - -
Hard packed sand - - -
Tough clay - - - - - -
Cement gravel and sand 
Clay and hard shells -
Hard packed sand - ~ -
Sticky clay - - - - - -
Packed sand - - - - - -
Clay and sand streaks -
Packed sand - - - - - -
Clay and sand streaks -
Clay - - - - - - - - -
Hard packed sand - - -
Clay - - - - - - - - -
Packed sand - - - - - -

Thickness Depth 
( feet) (fee t ) 

83 
10 
30 
24 
24 
12 
22 
15 
15 
22 
90 
10 
76 
32 
14 
21 
39 
41 
53 
29 

8 
21 
3 

398 
408 
438 
462 
486 
498 
520 
535 
550 
572 
662 
672 
748 
780 
794 
815 
854 
895 
948 
977 
985 

1006 
1009 

Clay - - - - - - - - -
TOTAL DEPTH 

(D-24-24 )18 
Top soil - - - - - - -
Red clay with scattered 

boulders - - - - - -
Gravel and boulders 

with caliche - - - -
Gravel and boulders 

with caliche (w ith 
water)- - - - - - - -

Caliche - - - - - - - -
Sand, gravel (wate r ) -
Gravel, boulders, 

caliche - - - - - - -
Very hard solidified 

cemented boulders and 
gravel - - - - - - -

Gravel, .sand (water ) -
Red clay - - - -- -- - -
TOTAL DEPTH 

--

rhickness Depth 
( feet ) ( feet ) 

6 1015 
1015 

39 121 

1 122 
36 158 

2 160 

14 174 

12 186 
4 190 

10 200 
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 
Depth Tern- conduct- Mag-

1;iell or Date of of per a- ance( micro- Cal- ne-
spring no. collection well ture mhos at cium sium 

(feet) (oF.> 250 c.) ( Ca) (Mg) 

f Recent alluvial fill 
(D-16=19) 
1.7~ '5-51 75 69 152 12 3.2 
( D-lb-20) 

7bdb 10-50 - 66 379 51 6.6 
(J'-17-21) 

32dd 3-46 200 68 292 29 1.6 
(D-20-21) 

15a 2-34 - - - 45 12 
(D-21- 22 ) 
-20d 2- 34 a/ 61 - 46 16 
(D- 23-22) 

""'"'---

3a 2-34 114 - - 42 28 
Arto:::;ian \._rater from older alluvial fill 
(D-1 . -' ·-20) 
3Iki ab(l) 
( 2an .lyses 
at di 
er_ t 

: fo r-
opths) 

( ( 2) 
~D~l 

9c 
( 5nn 
a t d 
ent 
( 2 ) 

7- 20 ) 
bc(l) 
o. l;y::: c n 
i ff or -
Jopths ) 

I 

) 

- -

3-51 
' 

6-51 

10-46 

10-46 

600 - 4ooo 576 4.9 

lOCO - 383 28 6.8 

355 - 3380 388 31 

856 - 1830 - -

) ) ,) !) () () 

Total 
Sodium - . hard-
and Bicar- Sul- Chlo- Flue- Ni- Dis- ness 

potassium bonate fate ride ride trate solved as 
(Na.,lK) ( HCO 3) ( S04) ( Cl) (F) (NO 3) solids CaC03 

18 73 5.1 11 0.2 1.8 128 43 

21 2CO 21 7 0.4 4.4 239 154 

39 16g 5 .6 9 2.0 1.6 171 79 -

27 246 15 2.0 0.1 .0 222 162 

37 252 28 14 1.2 2.9 269 181 

8 200 14 3.0 0.2 66 260 220 

554 54 2,500 8 1.5 0.2 )680 1460 

51 223 15 6 0.8 1.4 251 98 

471 53 1950 26 3.4 0.~ 2900 1100 

- 57 - 15 - - - -

> ( ) ( ) ) r ) r ) ) ( 

-

urn 

48 

23 

52 

45 

53 

48 

-



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Tabl e 14.--.Anal yses of water from represontati ve wells and oprings in Upper San Pedro basin--continued-

Specifi c Total 
Depth Tern- ec,nduct- Mag- Sodium hard- Per-

vJell or Date of of per a- ance( micro- Cal- ne- and Bicar- Sul- Chlo- Fluo- Ni- Dis- ness cent 
spring no. collection well ture mhoo at cium sium potassium bonate fate ride ride ·; trate solved as so-

(feet) (OF.) 25° c.) ( Ca) (Mg) (Na/K) ( HCO 3) ( S04) ( Cl) (F) (N03) solids CaC03 dium 

(D-17-20) 
9cbc( 3) 10-46 900 - 2230 - - - 137 .. 46 - - - - -

( Cont.) ( 4) l0-46 926 - 2050 - - - 217 - 8g - - - - -
( 5) 10-46 1087 - . 2320 182 24 223 lll 850 38 2.7 0.2 1370 552 47 

9dd 5- 21 1505 - - 35 ll 39 243 9·1 s.o - l.l 257 133 -
lOcac ll-'50 1068 82 384 37 12 31 235 g.g 2 0.6 1.3 252 142 32 

(1)-17-21) 
3lda2 2- _34 340 6g - 13 - 49 133 10 4.0 5.8 2.0 146 36 -

( })-23-22) 
l5b 2- 34 350 - - 48 ll 15 222 8 4.0 0.2 0.7 196 165 -

Nonartesifin watet from older alluvial fi ll 
(1)-16-19) 

l1d 10- 50 ~I 65 382 46 10 22 216 5.8 12 0.4 3.2 240 156 23 
(D-16-20) 

-

7c 10-50 ~I 78 l, 590 307 25 51 140 819 4 2.4 1.9 1320 869 11 
-

(D-21-20) 
155 I ~-1_ 4-52 802 60 350 44 ll 17 213 6.6 5.2 0.1 2.1 222 

--
19 

Crystalline and pre- Tertiary sedimentary rocks 
(1)-1 5-21) I 526 l8dcb 7-51 100 - 936 64 )6 89 419 g.g 102 0 . 8 0 .8 306 39 
(D-15-19) 

2lc 5- 51 ~I 73 382 38 5-9 39 202 ll 14 1.6 5.2 258 120 42 
(D-lt-22) -

l5ac 2-34 Rj - - 17 -
(D-17-23) 

B.g 46 17 4.0 0.8 0.2 - 44 

l8a 2-34 ~I 62 - 123 29 21 386 130 13 0.3 2.1 5C8 426 
(D-22-20) 

31a 2-46 ~I - 5(5 _ _1 __ 96 20 
~ - Spn.ng 

3.2 349 36 3-l 0.0 0.4 341 322 
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LOWER SAN PEDRO BASIN 

By L. A. Heindl 

Location ::1 nd 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 

87 

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 R ivers 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 above 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 . 

Geologv 

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 form·s 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 5,000 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, conglomtt;rate, 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 poss ible 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 rna­
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 . 

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 gr adient of the San Pedro R iver . The average gradient 
between The Narrows artd Red ington 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 ar eas than in most alluvial basins 
of the Stat e . 

The older alluvial fill has been described in Part I under the heading, 
"Regional geology." Sand and gr avel lenses within silt and clay beds of the 
older alluvial fill c onta in water under artes ian 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 R iver channel and flood pla in averages about half a mile . Some 
of the large tributaries, such as Aravaipa and Hot Springs Creeks, have flood 
plains as much as a mile wide at their mouths. These deposits of Recent 
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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
urn 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 

r1 sand. Sand, interbedded with a little gravel and clay, was encountered between 
'S 628 and 860 feet and artesian flow increased steadily. Clay predominated 9~ L 

from 860 to 967 feet and no further increase in flow was noted. Well · o ;_ ~~~ "tll' ~ 9 M 

(~-17)32daa, drilled to 1,485 feet, penetrates a deeper artesian zone. 1 
, r ? 

, Well (D-7-16)3ca is located on a clay terrace northwest of Aravaipa Creek, t~........., 
and was drilled to 825 feet entirely in clay. It is reported to be "completely CN) • 

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 vJas 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 flan~s 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
sist ing 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 2 50 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 drilleo 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) lOde, 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 
120° 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 
fill 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) lOdba is 
report~d 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 obt2.in water 
from within Tertiary (?) volcanic rocks at 314 feet. Well (D-8-14) 15bbb, 
550 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 
460 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 lOA and lOB are 
sections across the valley in the vicinities of Mammoth and Redington, respec­
tively. Figure lOC 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. lOA) shows 
that alluvial fill extends about two-thirds across the valley and attains maxi­
mum thickness in the center of the valley. 

The thick sequence 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 lOB is a generalization of structural relations viewed transver sely 

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 ~ll 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 
50,000 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. 

Seepag-e from irrig-ated 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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Seepae:e from mine pumpae:e . --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 acr es 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 appl ied 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 
j,Q.,~eet 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. P umping rates from nomrtesian wells 
in older alluvium range from less than 1 to 12 gallons per minute. Flow of 
the artesian wells r anges 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 t he 
main tributary washes. The Recent alluvial fill of the lower San Pedro R iver 
and lower Aravaipa Creek has an area of about 36 square miles or about 
23,000 acres. About a quarter of this area consists of stream channels, and 
the remaining three-quarters, or about 17,000 acres, consist s 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 
grqwth of phreatophytes . 
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The greatest dischar ge 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 
tr ibutary washes the phr eatophyte growth is thinner. It is estimated that in 
areas of 100- percent density of mesquite in the Lower San Pedro basin, water 
consumpt ion is 3,5 acre- feet per acre per year . This annual use includes an 
average of 1 acre-foot of r ainfall 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 acre s 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 evapor a­
tion from wetted sands and from surface water. Assuming an average discharge 
of 0.5 acre-foot per acre per year, the dischar ge from the approximately 5,000 
acres of s tream channel was estimated to be a bout 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 R iver 
occurs through a cross section of alluvium nearly 4,300 feet wide, and about 
100 feet thick, The gr ad ient is 10 feet per mile, On the basis of these data, and 
assuming a r ange of coeffic ients 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 r ange from less than 1 to more than 1,000 gallons per minute, 

Storage 

The concepts of "latent storage" and "underlying storage" are explained 
in P art 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 a lluvial 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 saturat ed 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. Storage 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 . 

Qualitv 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 
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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, ar e 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)lla 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 noll­
artesian wells and springs in the older alluvial fill. Water from well (D-8-17)36a 
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 
appr eciably higher than calcium, thus reversing the condition normal to waters 
fro!D 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 
char acter . The chemical character of watersfrom 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 s olids from 344 to 1,110 parts 
per million. The moderately high fluoride concentr2tions characteristic of wa­
ters from the crystalline r ocks 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- bes:::-ing c~uali­

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 . 

5. 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 he~d. Uncontrolled artesian flow 
could be put t o 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 pro portio~ to the increased use of surface water. 

Summarv 

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 
aqout 25,000 acre-feet per year of the surface water that flows into the basin. 

The sedimentary, gr2.nitic, and volcanic rocks yield only small amounts of 
gr.ound 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. 

Recharge 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 are "highest. 

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 . 
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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 r epresenta tive well s and springs in Lowe r San Pedro basin, Ariz. 

water level I i I 
Depth below ; Dat e of I I 

well or I Depth of ~land-surface measure- Type of ! Use of I Anal ysis!Log on 
spring no. v1ell (feet) datum(feet)~/ ment lift~/ I water~/! on file 1 file 

Remarks 



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

\'later 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 liftb/ waterc/ on file file 

(D-8-17) 
lBcda 70 - - J,E D - X Discharge, 10 gpm. 
18cdd 144 98 rept. 1949 J,E D - X Discharge, 3 gpm. 
19d 46 12.56 9-49 J,E D X -
29dda 100 13.45 9-49 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) 
lOc !}) - 5-51 - s X - Spring in basalt; discharge, l pint 

per minute. 
llb i/ - 5-51 - s X - Spring in diorite. Discharge 4 gpm,e·st. 
17a - 5-51 - D,S X - Spring in Cenozoic conglomerate. 

Discharge, 50 gpm , estimated. 
(D-8-19) 

31a !!:_I - 2-51 - D,S X - Spring in volcanic agglomerate. Dis-
char ge , 12 gpm. 

(D-9-15) 
15aad 835 760 rept. 6-49 J,G s X X Discharge, 5 gpm . 
36d 224 72 8-49 C,E D X - Discharge , 8 gpm . 

(r-9-17) 
2dcb 1025 250 rept. 1935 none - X 
lOcaa so 57.64 ll-30 J, W D,S X X Discharge, 4 gpm. 
14cdb 54 22.61 9-50 J,W D X -
24dcb 825 - - .j{rtesian D, S,I X - Discharge, 200 gpm . 
24ddc 870 - - Artesian D, S,I X X Di scharge, 390 gpm . 
25bdd 967 - - Artesian D, S,I X X Dis charge, 600 gpm . 

( r - 9-19) 
I 32cab 800 503 rept. 1949 J ,G,Burrc D,S - -

(r-l0-17J_ 
l5bb 285 213.8 8-49 C,W,G s X - Discharge, 5 gpm . 

(D-10-18) 
I I 3b 390 225 3-50 T,G . s X - Dis~harge, 3 gpm . 

- -

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

wate'r le:>el 
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)~ ment liftb/ watcrc/ on file file 

(D-ll-17) 
4dc 736 286 rept. 4-49 J,G s - - In conglomerate to 736 feet. 

(D-11-18) 
I 15a 19 b.o 9-50 e.G I X -

(D-11-19) 
lOde 300 - - J,G D,S X X Sealed. 

(D-12-18) 
I I 13caa 165 64.6 7-48 T, Bu I - X Discharge, 2000 gpm, estimated. 

(D-12-19) I 32ddd goo 1 2.77 11-50 None N - -
i_:q_- _12-21) I C&W; 

I 27cd 410 )40 rept. 6-42 JC'rG s y -

I 
' Spring. congiomerate. 31a ~I - 11-50 - s X 

I 
-

36ca 723 570 rept. 12-47 W,G s - X Discha~ge , 6 gim. 
(D-13-18) I r 

1aaa 180 57-91 1-51 c. w s X 
I 

I 
Di scharge, 6 gpm. I -

(~~~20)~ -
I 

- - J, W s X -
(D-13-21) Spring in conglomerate faulted against 

6a d/ - 11-50 - D, S X - volcanics. Discharge 2i. gpm . 
20ddc -400 314 r ept. 12-50 - s - X 

~~~a 250 187 r ept. lg48 J, W,G D,S X - Di s charge , 4 gpm . 
(D-13-22) 1 I I Log of abandoned oil test 150 feot 

28bc ! 1104 goo rept. - .. ~& __ s X i X I north. 
(:D-1~20~ -- ---""----- - - --- ~ --

6daa 101 28 r ept. 12-51 None I - X 
34c - 116.8 10-50 J , G __ _ - - .Q •. s_ - - - X -(D-1l.J~21) - - - - --

I 
. I 

19cdc I 644 270 r ept. 1950 J, W s X X I Di s char ge , 3 gpm . 
(D-15-19) I I -_-_-J 5c I ~I 5-51 D, S X Spring in ' schist. Discharge , t gprn . I - ---·- - _.._ . ______ --·- - - - ---- ---- -·--- -- ·-·-. --- - . ·, - . - ! 



Table 15 . --Rccords of representative wells a nd springs in Lo·wer San Pedro basin--continued. 

--- --
vlater l evel ! 

Depth b elow Date of 
Log on I We ll or Depth of l and- surf a ce measur e- Typo of Use of iiJlalysi s Remarks 

datum( feet)~ lifty water~/ 
I 

' spring no . well (feet ) ment on file file 1 

( D-15-20) 
3cb 515 3CO - J , G s X - Di schargo 3 gpm , 1g51. In conglomerate 

- - - -- -----~--~ - - ------- ! to 515feet. ______ -----~ 
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Tabl e 16.--Logs of represent at ive wells i n Lower San Pedr o basin, Ariz • 

-----------------------~Tmh~i-c7k~n~es~s~nD~ep~tL>h~·~·-----------------~T~h~i-c ~kn~e-ss--nepth-

------------------------;-~(feet) ~(feet.~)~·--------·--------~~(-f ee~l_~ (feet) 

(D- 5-16) J l bcd 
Clay - - - - - - - - - -
Cgl. water begins here -
Sand and gravel-full of 

water - - - - - -
Hard clay - - - -
TOTAL DEPTH 

20 
40 

40 
24 

20 
60 

100 
124 
124 

------·-------+----1-·----

(D- 6- lS)8cb 
Cver bur den - - - -
Hard gr anite - - -
Smal l cr evice in granite 
Har d gr anite - - - - - -
Small cr evices with 
yel low sandstone 

TOTAL DEPTH 

37 
128 

120 

13 

37 
165 
-

285 

298 
298 

---------------------~---------~--~ 
(D- 7- l4)10dba 

11 Broken f or mati on 11 

Fater sand - - - - - - -
Grani te - - - - - - - -
TOTAL DEPTH 

(D-7-l6)10caa 
Topsoil - - :-:-: 
Clay and gr avel - -
Fater i n boul ders 
Clay - - - - -
Bed rock - - - - - - - -
TOTAL DEPTH 

(D- 8- l4)15bbb 
Vl-ash fiTl - - - -
Volcani cs (lava flows) -
Sand s tr eak (water) 
Volcanics (l ava f l ows) -
Monzoni te - - - - - - -
TOTAL DEPTH 

388 
10 

10 
24 
25 
21 
4 

25 
90 
5 

430 

388 
398 
398 
398 

10 
34 
59 
8o 
84 
84 

25 
115 
120 
550 
550 
550 

------------1--

(D- 8- l6)2Sdcd 
11 Ordinar y c ong rom: 
erate 11 

- - - - - -

''Red material 11 
- -

TOTAL DEP'IH 
ls t wat er at 475 
ft • 
2nd water at 700 
ft . 
Rose to 375 ft • 

785 
1359 

-----------------~--------·-4-------

(D- 8-17 )l8cda 
Gravel - - - - - -
Clay - - - - - -
Dry gr avel -
r-ater gr avel 
TOTAL DEFTH 

30 
20 
10 
10 

30 
5o 
60 
70 
70 

·---------·-+------ --
(D- 8-l7)18cdd 

Gr ound - - - - - -
Cl ay - - - - - - -
Water gr avel-water 

rose to 98 1-

TOTAL DEPTH 

30 30 
108 138 

--------- ------1-·---

(D- 8- l7)32daa 
Sand ~gravel - :-_ 
Sand - - - - - - -
Sand & boulder s 
Sand - - - - -
Gravel - - - .­
Hard sand - - -
Gravel - - - -
Sand - - - - -
Sand & boulders 
Sand - - - - -
Sand & gravel -
Gravel - - -
Sand & gravel 
Running sand 
Sand - - - -
Clay & gravel 

8o 
5 

55 
20 
45 
15 
65 
30 

136 
144 

10 
20 
35 
5 

8o 
10 

80 
85 9A 1.. 

l4Q_ 
160 ( 
205 -:D '<.-\-
220 G .. ~. 

285 
315 
451 
595 
605 
625 
660 
665 
745 
755 

7cP.; 
rfD o 
,..,~ 

J 
'""' J-



Table 16.--Logs of representative wells in Lower San Pedro basin-~c0ntinued. 

--- -----r::;,· Thickness 

--- (fee.!J 

Sand & clay - - - - - 10 
· Red c lay & gravel - - 240 

Brown shale with sand 10 
Red c lay & gravel - - 15 
Sticky black clay 

(sho w oil) - - - - - 5 
Sticky . brown shale 

(sho w oil) - - - - - - 5 
Red c lay & gravel - - 65 
Gypsu m - - - - - - - - 5 
Red c lay & gravel - - - 25 
Brown lime - - ~ .- · - - - 9 
Red c lay & gravel - - 16 
Hard sand (small amount 

wate r) - - - - - - - 35 
Red c lay - - - ~ - - - 2 
Hard brown sand - - - 8 
Hard gray lime - - - - - 15 
Congl omerate with lime - 37 
Red c lay - - - - - - - - 8 
Hard conglomerate - - - 2 
Red c lay - - - - - - - - 8 
Sands tone (artesian 

wate r flowing 20 gpm) - 95 
Hard sandstone - - - - - 70 
Red b eds - - - - - - - - 45 
TOTAL DEPTH 

(D-9-15)15aad ' 
Dry conglomerate - - - - 680 
Porphyry water-b ear ing 

(heavy water 770-7 86 1 ) 106 
Hard rock - - - - - - - 49 
TOTAL DEPTH 

Depth 
(feet ) --
765 

1005 
1015 
1030 

1035 

1040 
1105 
1110 
1135 
1144 
1160 

1195 
1197 
1205 
1220 
1257 
1265 
1267 
1275 
-
1370 
1440 
1485 
1485 

680 

786 
835 
835 

-----------·----+--·----·~-----
(D- 9-l7)2dcb 

Lake beds ~Qth occas-
sional sand stringers-
water at 250 1 • ---- 250 

Lake beds, (light gravel 
at 6oot) --- - - - - 350 

Lake beds with occas-
sional sand stringers. 
Caved badly - - - - - - 425 

TOTAL DEPTH 

250 

600 

1025 
1025 

!-t---

(D-9-1 7)24ddc 
River grave l - - -
Coarse rive r gravel 
River sand, mostly 
silica - - -- - -

Sandy gyps urn - - -
Solid gyps1 1Ill beds -
Gypsum beds and 
clay seams - - - -

Sandy gypsu m. A 
little wat er in 
hole after 325 1 

Gypsum beds and 
clay seams - - --

Gypsum beds - - - -
Sandy clay - - - -
Heavy clay - - - -
Sandy clay - - - -
Sand with c lay 

nodules -
Sand and gr avel - -
Artesian w ater-
bearing s and and 
fine grave 1 -

Heavy clay with 
few bould ers -

TOTAL I'EP'I'H 

(D-9-1 7) 25bdd 
River sand and Silt 
River gravel - - -
River gravel & clay 

(24 11 csg. set) 
Heavy clay with 
little gravel - -

Heavy clay - - ··- -
Sandy clay - - - -
Sandy gypsum - - -
Gypsum sand (water 
in hole after 
487 1 ) ------

Gypsum sand with 
clay nodules - - -

Clay and sand - - -
Coarse sand with 
artesian water 

Fine sand - - - - -

Thickness 
(feet) 

25 
20 

26 
33 
56 

160 

40 

60 
60 
60 
20 
60 

40 
20 

120 

70 

20 
40 

20 

40 
200 
140 

20 

60 

60 
28 

12 
60 

Depth 
(feet) 

25 
45 

71 
104 
160 

320 

360 

420 
480 
540 
560 
620 

660 
680 

Boo 

870 
870 

20 
60 

80 

120 
320 
460 
480 

540 

600 
628 

640 
700 
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Table 16.--Logs of representative wells in Lower San Pedro basin--continued • 

--------------·-----------~~~--~~~~~--------------------~~~----~~D~t~h---Thickness Depth Thickness ep 

Coarse sand with clay 
seams - - - - - - - -

Coarse sand and gravel 
Sand & clay seams but 

no increase in water 
flow. Flow increased 
steadily from 628 1 to 
864 1 

- - - - - - - -

Hard clay - - - - - -
Running fine sand but 

no increase in water 
flow - - - - - - - -

TOTAL DEPTH 

(D-ll-l9)10dc 
Soil & boulders - - -
Cgl.-seep of water on 

top of volcanic - - -
Volcanics(?) like 

"Galiuro red rock" -
TOTAL DEPTH 

(D-l2-l9)32ddd 
River gravels - - - -
Silts - - - - - - - -
"Rock" - - - - - - - -
TOTAL DEFTH 

(D-13-22) 2 8bc 
Clay and boulders - -
Conglomerate - - - - -
Water sand carrying 

8 gpm - - - - - - - -
Conglomerate - - - - -
Dry sand - - - - - - -
Conglomerate - - - - -
Granite conglomerate -
TOTAL DEFTH 

(feet) (feet ) (feet) (feet) 

120 820 
40 860 

95 955 
10 965 

20 20 

122 142 

158 300 
300 

80 80 
170 250 
625' 875 

27 
790 

5 
92 
98 
63 
5 

875 

27 
817 

822 
914 

1012 
1175 
1180 
1180 

(D-l2-l8)13caa 
Clay boulders - - -
Sand gr2vel & water 
Clay gravel - - - -
Possibly water - -
Conglomerate-tight 
TOTAL DEPTH 

70 
25 
40 
15 
15 

70 
95 

135 
150 
165 
165 

----------------------+----------~-------
(D-l2-21)27cd 

Boulders ·and black 
dirt - - - - - - - 55 

Red conglomerate - 315 
Sand and gravel 

water - - - - - - 5 
Yellow clay - - - - 5 
Hard conglomerate - 10 
Sand water - - - - 10 
Conglomerate - - - 10 
TOTAL DEFTH 

55 
370 

375 
380 
390 
400 
410 
410 

----------------------+·------·----~---------
(D-l2-21)36ca 

Sa,nd, gravel and 
lava boulders - - 200 

Clay - - - - - - - 365 
Caving sand & clay 5 
Clay ~ - - - - - - 95 
Hard lava - - - - - . 5 
Sandstone - - - - - 53 
TOTAL DE-PTH 

200 
565 
570 
665 
670 
723 
723 

--·------------------~-------------------
(D-l4-2o)6daa 

Surface sand - - -
Clay - - - - - - -
Sand (water) --­
Clay - - - - - - -
Very hard granite 

conglomerate • 
Pardee reports this 
to be very similar 
to granite cgl. up 
Teran Wash. More 

2 2 
36 38 
32 70 
10 80 



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

---~T=='h-.:i-ckn88"; Depth 
_ (feet ) (feet) 

l i kely it is a 
local granite 
boulder lens 

TOTAL DEPTH 

(D- 14-21 )l9cac 
Dec omposed granite - -
Medium hard gr anite 
Low granite (water 

270 to 275 ft . ) 
.Soft granite 
Hard grani te - - -

21 101 
101 

---------
20 

180 

so 
45 
60 

20 
200 

280 
325 
385 

---
Soft granite - - - - -
Hard granite - -- - -
Soft granite - - - - -
Hard granite - - -- -
Soft granite (fault 

gouge) - - - - -
Hard granite (water at 

460 ft.) ------
Soft granite - - - - -
Hard granite - - -- -
TOTAL DEPTH 

--------

Thickness Depth 
_jf eet l_ (feet ) 

25 410 
10 420 
5 425 

20 445 

5 450 

10 460 
10 470 

9 479 
479 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •-... 
Table 17.--Analyses of water from representative wells and springs in Lower San Pedro basin, Ariz. 

(Par t s pe r million except speci fic conductance and percent sodium) 

Well or IDa 
spring no.co 

t e of 
Llection 

Depth 
of 

well 
(feet ) 

Specific 
Tern- conduct-
per a- ance( mi cro-
ture mhos at 
(OF •) 250 c .) 

Wat ers from Lower San Pedro flood pl ain 
(D- 5-15) 

24cb 9-50 33 84 1540 
(D-8-17 ) 

l 9d 9-50 46 - 665 
(D-11-18) 
15a-- 9- 50 30 68 6og 
~20) 

34c 10-50 - 78 387 
Wat ers in vicinity of Ar avaipa Creek 
-( D-6-1~ 

12d 9- 50 a / 67 981 
· 33c 2- 51 -;/ 70 '571 

(D-6-17) ----r_3cr- 10-50 'YV 60 438 
( D-7-lb) 

11a 10-50 87 66 518 
Art esian waters south of Mammoth 
(D- 8-17) 
-32daa 10- 50 1485 108 683 
(D-9-17) 

l4cdb 10-50 54 88 877 
24dc 10-50 - 87 l 516 

vlaters from older alluvial fill 

~l ag-

Cal- ne-
cium sium 
( Ca ) (Mg) 

. 
79 28 

51 12 

6o 14 

33 16 

86 18 
74 13 

S4 8 . 3 

70 13 

I 1 2 LE 

I 
48 4. ~ 
12 1.6 

' 

Sodi um 
and Bicar- Sul- Chlo- Fluo- Ni-- Dis-

p otaas ium bonate fate ride ride trate solved 
(Na/ K). (HC0 3) ( S04) ( Cl) ( F) (N03) solids 

-

234 355 378 92 2.3 0.3 1030 ·-

81 248 109 18 3.0 2 .2 432 
·-

56 250 96 ll 1.2 7.1 400 
~ 

29 204 20 12 0.8 4 . 6 243 

112 300 228 28 2. 8 3-4 666 
33 251 82 10 1.0 2 . 6 378 .. 

33 253 17 8 1.2 0.4 287 
--

25 269 41 10 1.2 3.6 337 
~ 

133 114 152 42 s .6 1.1 441 

140 176 212 44 6 . 0 1.2 590 
101 127 93 27 6.0 1.2 341 

Total 
hard- Per-
ness cent 

as so-
CaCO 3. di um 

312 62 

176 _ _29_ 

207 37 

148 29 

288 46 
238 23 

168 30 

228 19 

36 89 

140 68' 
36 86 

(D~~=I5) , .. ~~ ~/ I 67 I 391 ~I 21 I ___ , 
~/ Spring. 

25 193 1 5.6118 1 0 . 81 19 1 237 11521 26 

b/ Aravai pa Creek . 
c/ Seep in tunnel. 
~/ Reported. 



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

· Specific ' Tota l 
Depth Tern- conduct- Mag- Sodium hard- Per-

Well or · Date of of pera- ance(micro- Cal- ne and Bica r- Sul- Chlo- Fluo- Ni- Dis- ness cent 
spring no. collection well ture mhos at cium sium potassium bona te fate ride ride tra te solved as so-

(feet) (OF •) 250 c.) ( Ca) (Mg ) (Naj-K) (Hco 3) ( so 4): ( Cl) (F) (N03 ) solids CaC03 dium 

( D- 8-17) 
3ba 2- 51 - 75 498 1.5 1.6 109 e/ 185 9 -l 7.0 30 16 314 10 96 

( D- 8-18 ) 
l7a 5- 51 a/ 69 878 102 39 36 234 257 15 0 . 5 14 618 415 16 

(D-10-17) -
l 5bb 6-51 285 71 396 42 16 21 235 6.c 10 0.4 3.2 243 171 21 

(D-10-18) 
3b 6-51 390 d/hot 819 38 2.4 141 172 167 51 9~0 0.7 541 105 74 

( :C-1 2- 21) 
3la ll-50 a/ 67 384 36 12 32 231 5.8 8 0.8 0 .6 265 140 33 

( :C-13-18) 
l aaa l-51 140 65 428 66 g .4 13 234 23 6 0.2 8 .2 260 203 12 

( :C-13-21) 
6a ll-50 !!:.1 109 287 4. 0 0.4 68 f /173 4.9 4 2. 0 1.3 218 12 93 
2l aba 7- 51 250 67 2g6 33 12 14 172 4. 8 - 0 . 6 4.0 197 132 18 

' :!later from Cretaceouo (ff=.-T-or-tla-ry-f?) sedi mentar y rocks 

( D2~t20 ) I 5-52 I - I 84 I n 700 \168 I 74 I 28)0 I 263 146oo l13 30 . l1.6 ~-;;J 9160 I 7241 89 
·viaters from volcanics 
(D- 8-18) 

119 ~ l Oc 5-51 ::_I 78 1200 45 66 579 20 2.1 0 . 2 902 
593 ~ (D- 8-19) 

31a 2-51 !!:.1 64 426 48 16 24 275 3-3 6.0 0.2 0.2 299 186 22 
Water from p re-Cambri an and Paleozoic sedimentary rocks 

(D-er-l
8

) 1 5- 51 CLI62 1 417 1 50 ~I 12 1 250 1 7.2110 1 0.2 1 3-31 261 1203 ~ 
Wat er f rom diorite 

(~~~TB-) I 5- 51 I a / 171 I nco I 124 157 I 47 ~I 79 I 25 I 0 .3 I 1.41 700 ~.6 
~/ Includes eQuiva l ent of 22 parts per million carbonate ( C03). 
!/ Includes eQuivalent of 8 parts per million carbonate ( C03). 

l 
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Table 17.--Analyses of water from representat ive v1ells and springs in Lower San Pedro basin--continued. 

Specific Total 
.Depth Tom- ·conduct- Mag- Sodium hard- Per-

\<•Tell or Date of of per a- ance( micro- Ca l- ne- and Bicar- Sul- Chlo- Fluo- Ni- Dis- ness cent 
spring no. collection well ture mhos a t cium sium potassium bonate fate ride ride trate solved as so-

(feet ) (OF.) 25° c.) ( Ca) (Mg ) ( NafK) ( HCO 3) ( S04) ( Cl) ( F ) (NO 
3
) colids CaC03 diu.m 

Waters from .g r anitic rocks 
(D-8-14) 

1110 1110 I 452 I 51 5ccd 4- 51 70 - 1700 43 218 371 386 150 2.9 ' 0.2 
( D- 9-15) 

I 3bd 8-49 224 - 59 4 55 19 51 322 13 30 2.0 0 . 3 344 215 ~ ( D-14:.__21) 

I l9cac ll-50 644 - 923 33 33 1 32 373 80 73 4.4 0 .7 562 218 57 
1.vater from s chi s t 

( D-l 5-19f,- 5- 51 I !!:.1 I 60 I 6gB I 93 I 22 I 35 .I 414 ~ 19 11.2 I l.O I 4251 322 119 
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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 nort hward 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; on 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 t he 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 draina~e 

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 the City of 
Nogales . The river continues to flow northward in a long, serpentine arc, 
with gradient s ranging from 15 to 40 feet to the mile. The greatest gr ad ient 
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 t he water table. As 
the Santa Cruz River flows northward, it receives inflow from five major tri­
butaries; Sonoita Creek, Nogales Wash, Sopori Creek, R illito Creek, and Canada 
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 ar ea of hard rock within 
the natural dr ainage 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 t he cultivated land and most of the irrigation wells are within 
this ar ea. 

Bryan (1 923, pp. 74-76) descr ibes 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 R iver 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 lO 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 lO to 20 feet of gravel. From Calabasas to 
the mouth of Sopor i 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 flood plain 
of Santa Cruz River. This flood plain is l to 2 miles wide, and 
through it the stream flows in a steep-walled channel from lO 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 
m·ountains 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 R iver are mostly ephemeral streams 
throughout their courses. Canada del Oro Wash drains the western slope 
of the Santa Catalina Mountains and the eastern slope of the Tortolita 
Mountains. These higher slopes rece ive considerable snow and rain. The 
runoff from these sources usually causes Canada del Oro to have a small 
flow in its upper course during the early months of the year. 
· Big Wash, the principal tributar·y of Canada 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 sees. 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. 

Geologv 

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 ll. 

The generalized geology presented in plate ll 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 150 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. ll), 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 ofT. 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 cover ed t his 
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 ar e noted in a few logs . However, , 
lake beds may have been deposit ed in this bas in at depths below that of present 
deepest penetration. Locally, small lakes or playa flats ma y have existed in 
which silt and claywere 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 f ill overlies the older alluvial fill in the s t ream channels and flood 
pla ins 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 R iver, 
Rillit o 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 
t he irrigation wells in the valley develop all their water fr om the Recent fill . 
A few wells yield as much as 3,000 gallons per m inute . Infiltration galleries 
constructed in the channels of Sonoita Creek, Sopori Wash, Santa Cruz River, 
Rillito Creek, and Pant ano Wash develop water fr om the Recent fill . 

Gr ound -wat er hydrology 

Source and movement 

Gener al s ta tements r egar ding ground-water hydrology ar e pr esented in 
Part I, " Regional hydrol ogy." The pr incipal s ource of water is precipita ­
tion in the mounta inous areas . A small percentage of t he pr ec ipitation finds 
its wa y into the ground-wat er reservoir by penetration of t he coarse sediments 
along the mounta in fronts and by per colation from surface flow in the stream 
channels. Ground water moves downhill a long the hydraulic gr ad ient from 
areas of recharge to ar eas of dischar ge . The slope of the water ta ble varies 
but in genera l conforms to the topogr aphy of the area . T he ground-water 
movement is perpendicular to the water-ta ble contours and the gener al di­
rection of movement is northwest (pl. 12) . 

R echar ge 

Recharge to the Upper Santa Cruz basin is by infiltration from runoff along 
the mountain fronts, s eepage from surface flow in the ma in stream channels, 
direct infiltration from prec ipitation, s eepage from canals and irrigated lands, 
and underflow . 

Infiltra tion along mountain front s .--Rechar ge along the m ounta in fronts oc ­
curs as infiltration from runoff from a bout 1,280 square miles, or about 
820, 000 acres, of mountain areas. Precipitat_ion in the mountain areas averages 
about 18 inches per year. R unoff from t he m ounta in 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 oth~rs, 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 
essentially all the loss from stream flow was r echar ged. 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 infiltrat ion from precipitation on permeable 
Recent alluvial fill, but no quantitative data are available. 

Seepage from irrigated fields and canals .--Rechar ge 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, (194 3, p. 53) . Calculations based on data collected since 
1941 indicate that this estimate is of the correct order of magnitude. 

Discharge 

Discharge from the gr ound- 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 pur1_[:erl. 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 . 

Springs,--Water from springs in the basin is used for domestic anc1 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 b·alance the recharge and they have been 
omitted from the calculations. No estimates of tctal 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 SaEta 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 ahout 
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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 aver age annua l 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 industria\ 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: 

Tvpe of wells 
Irrigation 
Public- supply: 

Tucson 
Nogales 

Industrial 
Domestic 
Stock } 

28,000 
9.000 

37,000 

Acre-feet 
140,000 

37,000 

14,000 

191,000 

Total annual pumpages for the period 1947-51 are given below: 

1947 
1948 
1949 
1950 
1951 

156,000 
155,000 
154,000 
176,000 
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 estim2.ted g:=tins 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 
Gains to Reservior Acre-feet 

Infiltration at moun-
tain fronts 65,000 

Seepage from sur-
face channel runoff 45,000 

Underflow into casin 1,000 

Springs 

Seepage from irri-
gation 20,000 .. 10,000 

Total gains 131,000 - 121,000 
or approximately 12 5, 000 

Estimated Annual 
Losses from Reservoir 

Discharge by pumping: 
Irrigation 105,000 
Exported 18, 000 
Public s upply } 
Industrial 43,000 
all others 

Underflow out of the basin: 
Rillito narrows 2,500 
San Rafael Valley 2.000 

Evapotranspiration 

Springs 

Total losses 
_Rounded to 

Total gains 
Net annual loss from 
storage 

. or 
approximately 

Acre-feet 

166,000 

4,500 

12,000 

182,500 
182,000 

131.000 - 121.000 
51,000 - 61,000 

55,000 

This recapitulation shows that there 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 

The concepts of "latent storage" and "underlying storage" discussed in 
Part I, "Regional hydrology," are not applied to the Upper Santa Cruz basin . 
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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-
51 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 ll 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 feeLof 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 11 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 cf 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 River 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. ll 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-yearperiod 
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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Figure 11.--Graph~ snowing fluctuations of water level in observation wells and pumpage in the U~per 
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basin, Pima County. 

i 



• • • 
• • • • • 
• • • • • • • 
• • 
• 
• • • • • • • • • • • 
• 
• • 
• • 

Table lB.--Declines in the water table for 4 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, 
Ariz • 

Location 1947-51 l~l-52 Location 1947-51 i%1-52--

(D-12-12) 17ad 4.3 1.9 
Sbd 7.4 15.6 
8ab 3 .. 9 5.9 (D-15-13) 

l5db 7.5 4 .7 3ad 11.3 3. 1 
33ac 6.4 8.4 lOdb 3.4 6. 2 
33ad 37.3 1.8 2lcd 2. 4 0. 7 -- 27dd 3.3 0.7 

(D-12-13) -
l4da 6. 2 2. 2 (D-15-14) 
18aa 5.8 3.7 Sab 1. 9 o. 4 
29bc 8.7 3. 0 30cc 1.1 1.0 
32bd 8.7 3.9 

(D-15-15) 
(D-12-14) 20bc 1.3 0.3 

7cb 12. 6 2.5 . (D-15-16) 
(D-13-13) 7aa 8.5 1.1 

2bd 7. 6 2.6 -
?ad 11.7 0.4 (D-16-13) 

13dd 18.5 3~9 3bd 6.1 2.7 
l4cb 15 .• 8 5.2 
l 9dd 15.6 5.6 (D-16-14) 
2lbb 15.3 7.4 bbb 3.1 0.8 
25ab 14.7 3. 8 18dc 2. 9 0. 8 
27ac 13.2 7.3 32bd 7. 5 2.3 
33dab 16.7 5.9 
36bcb 0.7 4.8 (D-16-15) 

3bb 1.6 13.2 
(D-13-14) . 
31bd 14 . 6 2. 9 (D-17-13) - l3ba 10.0 4. 2 

(D-13-15) . 26bd 5. 8 1.4 
27ba 2.2 2. 6 
J1db 8. 8 0. 2 (D-17-14) 

7cd 1.8 2. 0 -
(D-14-13) 

3cab 2.7 10.3 (D-18-13) 
23ac 7.4 l.l lbc 6. 0 3. 2 
34da 7. 6 1.4 

(D-19-13) 
(D-14-14) 

' 
9ac 12 .5 0. 8 

ldda 6. 7 1.7 29cb 3.4 1.4 
7bda 15 .5 4 .4 

22abb 8. 3 2.7 (D- 20-13) 
35a 3.4 3.5 bdc 3. 7 0.1 

_J2bc 4 . 8 0.6 
(D-14-15) --

9cd 4. 7 1. 8 (D- 22-13) 
3Sdc 2. 9 5.0 
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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) 
35dcd 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 coefficier:t of drc.in-
age, with detth . 

Q.ualit v 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 T ucson 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 Sant a 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 
of 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 
m apping 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 aquifer s exist, and the quality of ground waters at depth. Samples of 
drill cuttings should be collected and examined, 

3. P umping tests and laboratory tests are required to determine more exactly 
the coefficients of draihage 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. : · 

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. 

Summarv 

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 obta ined from uncons.olidated sands and gravels in the val­
ley fill. 

Rechar ge to the ground-water reservoirs of the basin is supplied by infil­
tr ation from runoff and springs along the mountain fronts, seepage from sur­
face flow in maih stream channels, direct infiltration by precipitation, seepage 
from canals and irrigated lands, and underflow. The average recharge for the 
5- year period 1947-51 was estimated to be in the order of 125,000 acre-feet 
per year . 

Water is discharged from the gr ound-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 . 
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Table 19.--Records of representative wells in Upper Santa Cruz basin, Pima and Santa Cruz Counties, Ariz. 

io!ater level Discharge 
Depth below Date of Gallons Date of 

Well Depth of land- surface measure- Type of Use o~/ Log on Analysis per Measure- Remarks 
No. well (feet) datum( feet )a / ment lift !,/ WR.t.erC f'i 1 A nn filA mj mJte m<>n t 

{D-12-12) 
5cb 333 d/140 RR X - !!}100 -- -

14bcb 311 d/200 6/48 C, E ]I - :X - -
16bad 200 - 99.45 2- 20-52 None N - - - - Hydrograph ,fig. l2 
33aa 153 141.02 2 20-52 None N -

{ D-12-1 )l 
28aaa 2g6 166.72 1-24-52 T._E__ lT X' -

( D-1 '1-1 )) 
17da 96 40.29 2-19-40 T·, E I X - --
2ldcc 251 69.77 3-3-52 ~, E ? X - - -
28add 168 66.38 12-17-51 C, E ]I - - - - Hydrograph ,fig.l2 
35bca 228 86.2q ":\_ '1-"}2 _T_ ,F, T _Y: - -

( D-1 '1-14-2 
5/41 22cd 60 - - 'JT, E D, S,I - X 487· 

25ddd 16 8 . 59 2- 20-52 None N - - - - Hydrograph,fig.l2 
27cdc 190 45.35 2-25-52 'IJ , E I - - 306 6-13-5; 
35bac 240 J.lJ.9 2-26-52 T.,_E T y - -

(D-13-12) 
3laa 60 11.39 5- 9-41 c , 1£.. D, I - X 384 5-9-41 
32abd 85 12.0") 2-26-5.2._ ____!]_,~ T -( D-14--12) 
17bb 113 78.68 "<-l~-40_ _C_,..G:__ T:l X -

(D-14--13) 
3dda 400 41.05 3- 3-52 T,E I - - - -

26bbb 130 37.37 l-21-52 'JT,E I - X 7t7·5 8-4-49 
35bd 114 48.I4 9- 26-4]. None N - y -

~ Depth was adjusted to land-surface datum from measuring point. 
~/ T, turbine; Cf , centrifugal; C, cylinder; Bu, butane; G, gasoline; D, diesel; E, electric ; W, windmill. 
cj I, irrigation; P, public supply; D, domestic; S, stock; RR, railroad; N, not us ed . 
~/ Reported. 



Table 19.--Records of repre sent ative wells in Upper Santa Cruz bas in--c ontinued. 

Wat er level Discharge 
Depth below Date of Gallons Date of 

Well Depth of land-surface measure- Type of/ Use of Log on Analysi s pe r me asure- Remar ks 
No. fwell U eet) datum( feet)Cl;/ ment lift b water.:J file on f ile minute me nt 

(D-14-14) ' 

5ddc 200 ~/105 9/51 T,E p - X - -
, 9dc 502 - - - - X - - -
16baa 323 d/1 28 9/ 50 T,E p X - ~540 9/50 
25cb - - 2ll.g ___3- 2 ")---s.g_ T E p - - - -

(D-111=1 5) 
6aac 280 97-80 2-26-52 T,E D. X - - -

26aaa 422 ~11.20 )::4-52 C E D - - -
( D-14-16) 

31bbc 500 266 .18 -~.J.J-'52 ' ___Q_.~W __ __ s__ 
( D-15-1 3) 

2cc 105 54. 88 2- 26- 52 1\one N - - - - Hydrog raph,fig.12 
3adc 142 57 .70 1-21-52 T,E, I X - - -

lOdbb 141 51. 95 3-11-52 'Ir,E I X - 420 6-6-52 
15dcc 200 >12.27 J-~=:5£_ 1-'JI • .;ffi I X 21q 3=-26:=-52-

(D-15-15) 
8db 318 257-90 3- 25-52 None N X - - -

25caa 1, 480 401.02 ~6-52 C,G RR X -
( D-15-iE) 

2laab 500 . 177.87 1-5=52 ____'t,D I -( D-16-14) 
19bba 250 55 . 46 1-15- 52 ~lT,E I - - 1214 5-21-52 P.L. 70.1, 7-1-52 
30ccc 200 58 . 24 10-5-39 TI',E I - X 632 7-14-41 
31adc - 60.6') 1 1 1=; -'52 _1L._E I - - 810 4 1=-52-

( D-16-17 ) 
35bd 

( D-17-13) 
1,380 - ? RR z - - - Drv 

~ace - 66.88 1 11)......>12 ~.J} _ _ I - }( l 09.0 4-26-46 

) ) 
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Tabl e 19 .--Records of r epresenta t i ve wel l s i n Upper Santa Cruz basi n-- cont inued. 

'\!late r l evel Di scharge 
Depth belo,., Da te of Gallons Date of 

'({ell Dept h of l and- surfa ce measure- Type of Use of Log on Anal ysi s per measure- Remar ks 
no . well (fee t) datum( f eet ).a/ ment l if t JJ.t wat er G/ fil e on fi l e minute men t 

( D-17-14) 
bddd 200 78 . 89 l-15- 52 T, E I X - 1660 4-7-52 

18a cc 18 2 68 . 14 1-16- 52 T, .l:!i I X X 615 4-7- 52 
18 ca 74 68 . 21 ~-l- 52 None N - - ~Yc!:s_~_g-:r ~J?..h.J fig . ll 

( D-18-13) 
l 4cda 302 79 -98 l -17-52 T, l!.. I X X - -
24bbb 215 n.13 1-11-52 T,lL__ T x ll ~() 6 25 M-1-

( D-19-13) 
3baa 246 79 . 83 2-19-52 None N X - - - Hydr ogr aph , fi g . ll 
9acd l 8g 4~ . 6g 2- 21-52 __1_,_t_· - s x --( JJ-20-12) 
2cbb 270 1 39 .ll 1-28- 52 ~ s --(D-20-13 ) 

l 9cda 150 31. 20 1- 22- 52 T, .]!; I X - 1105 6-19- 52 32bcc 84 __36 . 8g r:;_ l 0- ')2 ____T_,JL_ I __x___ - Hydro,gr aoh f ig~ 
( D-21-13) 

7abb - - - T, D I - X 705 8/ 41 
32cc - )6 . 02 l- 2"5 52 'T' E T x 

( D- 22-1 3) 
-

9bc 88 31. 27 10- 24- 39 Cf , E D X -- -34a cd 200 37. 22 1-28- 52 T, :B; I X - - -35dcd 90 43.70 2 l g=.S_g_ t--1'-· E I - - - ~ 
Hydrograph , f i g . 11 

( D- 23-14) 

I 
l 9bcc 21 11. 8 1 2-18- 51 Cf , G I - - Hydrogr aph , fig . ll - -3l a cb 48 - T ,_Q__ I - X -



Table 20.--Logs of representative wells in Upper Santa Cruz basinJ Pima and 
Santa Cruz Counties, Ariz. 

Thickness Depth 
----------1-~(~f.;..ee;.....;;t 2 (feet) 

(D-l2-l2)5cb 
Sand boulders and 

cement gravel - - - -
Sand - - - - - - - - -
Cement gravel - - - -
Boulders - - - - - - -
Boulders and sand - - -
Sand and gravel (first 

water) -----­
Gravel and boulders - -
Boulders - - - - - - -
Rock - - - - - - - -
Sand - - - - - - - - -
Cement gravel -
Clay - - - - -
Gravel - - - -
TOTAL DEPTH 

- - - -
- - - -

(D-l3-l3)2ldcc 
Soil - - - - - - - - -
Sandy brown clay - - -
Gravel and sand, boulders 
Coarse gravel - - - - -~ 
Brown clay and gravel -
Sticky brown clay, gravel 

struck water at 56 1 -l 
Brown clay, large boul-

ders, some gravel,tig t 
Clay and boulders, 

little gravel - - - -
Red clay, gravel, some 

boulders - - - - - -
Red clay and gravel, 

loose - - - - - - - -
Red clay and gravel, 

very tight - - - - -
TOTAL DEPTH 

(D-l3-l4)35bac 

25 
15 
15 
10 
20 

15 
15 
5 

ll 
100 

35 
59 

8 

8 
7 

15 
9 

16 

35 

35 

25 

37 

7 

57 

Red sorr- - - - - - - - 5 
Grey clay - - - - - - - 12 
Rocky sandy yellow clay 25 
Sand and gravel (water) 8 
Sandy brcWn. conglome:rate 10 
Muddy- sand and gravel 

(water) -- - - -- - 10 
Brtown conglomerate with 

layers of sand 1 1 to 21 
thick (water) --- -1 45 

25 
40 
55 
65 
85 

100 
115 
120 
131 
231 
266 
325 
333 
333 

8 
15 
30 
39 
55 

90 

125 

150 

187 

194 

251 
251 

5 
17 
42 
50 
60 

70 

115 

Cemented clay conglo­
merate - - - - - - -

Hard cement ed conglo-
merate - - - - - - -

Sandy red clay, con-
glomerate - - - - - -

Sand and gravel (water) 
Grey clay conglomerate 
Rocky conglomerate may 

carry stringers of 
water - - - - - - - -

TOTAL DEPTH 

(D-l4-l4 )9dc 
Caliche - - - - - - - -
Cemented red sand - - -
Red sand and clay - - -
Sand and clay (struck 

water at 1261) --­
Red sand and clay - - -
White sand and clay - -
Little sand and clay 

(water) ------­
Loose white sand (water) 
Red clay and sand - - -
Hard sand shell - - - -
White sand and clay - -
Red sand .· and clay - -
Loose sand (water) -­
White sand and clay - -
Hard sand shell - - - -
Red clay and sand - - -
Hard sand shell - - - -
Little sand and clay 

(water) ---- --­
Red sand and clay - - -
Sticky clay and white 

sand - - - - - - - -
Hard sand shell - - - -
Loose water sand, 

white - - - - - - - -
Red sand and clay - - -
White sand and clay - -
Loose water sand, 

white - - - - - - - -
Red sand and clay - - -
Hard sand and shell - -
White sand and clay - -

Thickness Depth 
(feet) (feet) 

10 

40 

10 
5 

20 

40 

B 
77 
35 

15 
7 

23 

13 
12 
20 
5 

16 
17 
6 

13 
3 

16 
4 

20 
15 

5 
5 

12 
12 
14 

16 
ll 
5 

13 

125 

165 

175 
180 
200 

8 
85 

120 

135 
142 
165 

178 
190 
210 
215 
231 
248 
254 
267 
270 
286 
290 

310 
325 

330 
33.5 

347 
3.59 
373 

389 
400 
405 
418 
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Table 20.--Logs of representative wells in Upper Santa Cruz basin-continued 

Hard sand shell - - - -
Clay, sand and boulders 

(little clay and 
water) - - - - - - -

Red sand and clay - - -
Hard sand shell - - - · 
~~ite sand and clay 

(water) - - -- - - - · 
Red sand and clay - - · 
Hard sand shell - - - -
Sand and clay - - - - · 
Loose clay and sand 

streaks (water) - - · 
Clay and boulders - - -
TOTAL DEPTH 

(D-14-14) l6ba 
Soil-:-: - - - - - - -
Caliche - - - - - - - · 
Sound clay - - - - - · 
Boulders, clay - - - • 
Sand - - - - - - - - · 
Boulders - - - - - - · 
Caliche - - - - - - - -
Sand, little clay - -
Boulders - - - - - - -
Sand, clay - - - - -
Cement shell - - - - -
Sand water - - - - - -
Dirty sand - - - - - -
Clean sand - - - - - -
Red clay - sand - - - -
Coarse sand - boulders 

clay - - - - - - - . 
Cemented coarse sand 
Sand clay - - - - - -
Sand shell - - - - - -
Red clay - - - - - - · 
Sand gravel - - - - - -
Gravel, clay, boulders 
Cemented rock - - - - -
Sand, clay, boulders -
Sand shell - - - - - -
Sand packed - boulders 
Sand shell - - - - - -
Sand - little clay - · 
Sand shell - - - - - -
Sandy clay - gravel - -

Thiclmess Depth 
(feet) (feet) 

3 

18 
2 
3 

13 
7 
4 

17 

13 
4 

2 
22 
26 
10 
5 
5 

10 
5 
2 

26 
2 
3 
4 
3 
4 

7 
2 
7 
5 
3 
7 
5 
l 
2 
3.5 

22.5 
l 
5 
2 

16 

421 

439 
441 
444 

457 
464 
468 
485 

498 
502 
502 

2 
24 
50 
60 
65 
70 
80 
85 
87 

113 
115 
118 
122 
125 
129 

136 
138 
145 
150 
153 
160 
165 
166 
168. 
171.; 
194 
195 
200 
202 
218 

Thickness Depth 
(feet) (feet) 

Sand shell 
Fine shell 
Sand shell 
Shell - - -
Packed sand - - - - - -
Sand, boulders, clay -
Sticky sand, clay - - -
Sand shell - - - - - -
Boulders, sand, clay -
Sand shell - - - - - -
Sand and gravel - - -
Boulders - clay - - - -
Red clay - sand - - - -
Sand, gravel, clay - -
Sand shell - - - - - -
Sand, clay - - - - - -
Packed sand - - - - - -
TOTAL DEPTH 

(D-l5-l3)3adc 
Black soil - - - - - -
Pack sand - - - - - - -
Boulders and gravel - -
Gravel - - - - - - - -
Clay and gravel - - - -
Boulders and gravel - -
Red clay - - - - - - -
TOTAL DEPTH 

(D-l5-l3)15dcc 
Topsoil - - - - - - - -
Fine sand - - - - - - -
Dry gravel and sand - -
Brown sandy clay - - -
Gravel (water) - --­
Red sandy clay(gravelly) 
Light grey conglomerate 
Yellow clay packed - -
Gravel (water) - - - -
Light yellow conglomerate 

(hard) - - - - - - -
TOTAL DEPTH 

(D-l5-l5)8db 
Soil - - - - - - - - -
Clay conglomerate - - -

2 " 

5 
15 
6 
4 
2 
3 
5 

10 
6 
2 

17 
5 
5 
l 
2 

15 

18 
6 

10 
12 
84 
8 
4 

10 
2 

30 
20 
l 

72 
30 
13 

l 

21 

2 
8 

220 
225 
240 
246 
250 
252 
255 
260 
270 
276 
278 
295 
300 
305 
306 
308 
323 
323 

18 
24 
34 
46 

130 
138 
142 
142 

10 
12 
42 
62 
63 

135 
165 
178 
179 

200 
200 

2 
10 



Table 20.--Logs of representative wells in Upper Santa Cruz basin--continued 

Sandy conglomerate -
Yellow clay conglo­

merate - - - - - -
Muddy, sandy, conglo­

merate - - - - - -
Hard clay conglom­

erate - - - - - - -
Sandy clay conglo­

merate - - - - - -
Fine water sand - - -
Sandy conglomerate, 

carrying water - -
Clay hardpan - - - -
Water sand (water) -
Hardpan - - - - - - -
TOTAL DEPTH 

(D-l5-l5)25caa 
Caliche and boulders 
Yellow clay - - - - -
Caliche and sand - -
Yellow clay - - - - -
Caliche and sand - -
Yellow clay - - - - -
Gravel - - - - - - -
Yellow clay - - - - -
Gravel - - - - - - -
Yellow clay - - - - -
Gravel - - - - - - -
Yellow clay - - - - -
Gravel and boulders -
Yellow clay - - - - -
Gravel - - - - - - -
Yellow clay - - - - -
Cemented gravel - - -
Yellow clay - - - - -
Cemented gravel - - -
Yellow clay - - - - -
Cemented gravel and 

boulders - - - - -
Yellow clay - - - - -
Cemented gravel - - -
Yellcw clay - - - - -
Cemented gravel and 

boulders - - - - -
Yellow clay - - - - -
Cemented gravel and 

boulders - - - - -

Thickness' Depth 
(feet) (feet) 

70 

40 

65 

10 

65 
10 

30 
12 

2 
4 

13 
6 
6 
4 

16 
35 
6 

10 
4 

19 
8 

18 
5 

10 
4 

20 
4 

32 
4 

12 

4 
15 

3 
22 

34 
16 

55 

80 

120 

185 

195 

260 
270 

300 
312 
314 
318 
318 

13 
,19 
25 
29 
45 
80 
86 
96 

100 
119 
127 
145 
150 
160 
164 
184 
188 
220 
224 
236 

240 
255 
258 
280 

314 
330 

385 

Yellow clay - - - - - -
Cemented gravel - - - -
Yellow clay - - - - - -
Cemented clay - - - - -
Gravel - - - - - - - -
Yellow clay - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel and 

boulders - - - - - -
Water gravel (water 

rises to 432 1 level) 
Cemented gravel - - - -
Cemented clay - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Cemented clay - - - - -
Cemented gravel and 

boulders - - - - - -
Clay - - - - - - - - -
Coarse gravel - - - - -
Yellow cemented 

clay - - - - - - - -
TOTAL DEPTH 

(D-l6-l7)35bd 
Gravel - - - - - - - -
Clay - - - - - - - - -
Clay and sand rock - -
Shale - - - - - - - - -
Grey sand - - - -
Gravel - - - - -
Sand - - - - - -

Thickness Depth 
(feet) (feet) 

15 
10 

3 
5 
6 
6 

10 
30 

8 
28 
20 
4 
5 

20 
8 

22 
5 

70 
10 
10 

45 

143 
3 

33 
46 
15 
10 
37 

44 
19 

9 

396 

60 
140 
465 
590 

20 
10 
10 

l100 
410 
413 
418 
424 
430 
440 
470 
478 
506 
526 
530 
535 
555 
563 
585 
590 
660 
670 
680 

725 

868 
871 
904 
950 
965 
975 

1012 

1056 
1075 
1084 

1480 
1480 

6o 
200 
665 

1255 
1275 
1285 
1295 
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Table 20.--Logs of representative wells in Upper Santa Cruz basin--continued 

Thickness Depth 
------------1-~(;:..f e;:..;e~t) (feet) 

Gravel - - - - - - - -
Sand - - - - - - - - -
Gravel, dry - - - - - -
TOTAL DEPTH 

(D-l9-l3)9acd 
Black soil - - - - - -
Sandy clay - - - - - -
Sand, boulders, 

struck water 40 1 - -

Red clay, gravel - - -
Sandy clay - - - - - -
Clay and gravel - - - -
Cemented sand with 

streaks of sticky 
clay - - - - - - - -

Cemented sand - - - - -
TOTAL DEPTH 

45 
20 
20 

6 
4 

30 
45 
20 
35 

40 
9 

1340 
1360 
1380 
1380 

6 
10 

40 
85 

105 
140 

180 
189 
189 

--------------------------~------·-~----4 

(D-20-l3)19cda 
Topsoil - - - - - - - -
Sand gravel dry - - - -
Water (gravel) - - - -
Hard red conglomerate -
Soft clay, red (water) 
Grey conglomerate - - -
Clay, soft (water) - -
Light conglomerate, gre1 
TOTAL DEPTH 

Thickness Depth 
(feet) (feet) 

l 
35 
14 
21 
3 

24 
3 

49 

l 
36 
5o 
71 
74 
98 

101 
1)0 
1)0 

1------------------------+-----------+------
(D-22-l3)34acd 

Topsoil - - - - - - - -
Dry sand and gravel - -
First water - - - - - -
Hard light grey congl • 
Sec cnd water (2 feet of 
gravel)--" ---~­

Yellow conglomerate - -
Hard light conglomerate 
TOTAL DEPTH 

14 
16 

l 
67 

2 
8 

92 

14 
30 
31 
98 

100 
108 
200 
200 



Well 
no. 

(D-12-12) 
l4bcb 

(D-13-13) 
l7da 

(D-1_3-14) 
22cd 

(D-13-15~ 
31aa 

(D-ll.J-12) 
l7bb 

(D-14-13) 
35bd 

(D-14-14) 
5ddc 

(D-lb-14) 
30ccc 

(D 17-13) 
24acc 

(D 17-14) 
l 8acc 

l_D-18-13) 
l4cda 

(D 20 13) 
32bc 
32bc 

(D 21 13) 
7abb 
32cc 

) 

Date of 

Table 21.--Analyses of water from representative wells and springs in Upper Santa Cruz 
basin, Pima and Santa Cruz Counties, Ariz. (Parts per million except specific 
conductance and percent sodium) 

Specific Total 
Depth Tern- . conduct- Mag- Sodium hard-

collection of per a- ance(rnicro- Cal- ne- and Bicar- Sul Chlo- Fluo- Ni- Dis- ness 
well ture mhos at cium sium potassium bonate fate ride ride tr a te solved as 
(feet) (OF) 250 c.) ( Ca) (Mg) (Na-/-K) (HCO~) ( 804) ( Cl) (F) ( NO~) solids CaCO'li 

6-23-48 311 - 322 28 9-E 33 175 16 8 0.8 0.9 208 110 

5-8-41 96 j4 1170 98 25 125 175 34o 79 0.4 12 766 347 

5-8-41 60 68 237 33 7-~ 11 114 26 6.c 0.9 5-5 146 113 

5-9-41 6o 68 222 18 7.1- 23 84 25 8.C 1.5 2.0 134 75 

3-15-40 113 - 750 45 29 76 316 67 45 1.5 - 420 231 

5-24-41 114 - 628 72 22 39 247 119 13 1.0 2.4 390 270 

9-14-51 200 80 320 34 6.c 26 157 17 8.s 0.3 10 210 110 

7-14-41 200 74 464 54 ll 35 210 63 ll - 2.5 280 180 

6-20-41 - T5 416 )0 17 33 82 105 15 0.4 3.8 254 145 

6-24-41 1S2 - 603 86 17 s9 245 106 15 1.2 l4 )8g 28~ 

8-25-41 ~02 )7) - - 141 - 9.C -
10-12-39 84 - 670 94 19 31 248 152 13 - - 431 313 
7-9-46 84 68 759 10) 19 )g 264 170 14 o.~ 6.1 482 ~Vi 

8-27-41 - 70 470 52 8.7 40 197 74 10 - l.O 283 166 
8-26-41 628 - ::n;4 - 10 -

) { > 

Per-
cent 
so-
dium 

40 

44 

17 

40 

42 

24 

34 

30 

33 

18 

-
18 
20 

35 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Well 
no. 

(D-22-13) 
gbc 

(D-23-14J 
3lacb 

Spring 
no, 

Table 21.--Analyses of water from representative wells and springs in Upper Santa Cruz 
·basin--continued. 

Specific 
Date of Depth ~em- conduct- Mag- Sodium 
collection of per a- ance(micro- Cal- ne- and Bicar- Sul- Chlo- Fluo- Ni- Dis-

well ture mhos at ciUli sium · potassium bonate fate ride ride tra te solved 
(fee t) OF.) 250 c.) ( Ca) (Mg) (Na-/-K) ( HCO ,) ( S04) ( Cl) (F) ( NO,) solids 

.J 

10-24-:.39 88 - 380 46 11 20 180 41 10 - - 217 l -

I i 
8-26-41 48 ./ - 678 85 16: 33 226 36 45 - 80 406 

! 
Agua Caliente 
(D-13-16) Flow 

20dc 2-5-42 150gprr. 86 801 32 6.1 141 205 176 30 6.5 - 493 
Cebodillo 
(D-14-16) Flow 

3ad 2-5..._4g_- 40gpm 81 1160 34 5-5 223 183 339 45 g.6 - 746 

Total 
hard- Per 
ness cent 
as so-

CaC03 dium 

160 22 

278 21 

105 75 

108 82 



• • • • • 

UNrrm 3TA.T£S DEPARTMENT OF THP. tNTEIHOR 
GEOI.oGICAL SURVEY 

• • • • • 

' 00 
s. 

• • • • • • ••• • • 

R.t4 ( . 

RIH 
R.ll[ . 

R1f.[ 

• 

.. 
" s 

• • • • • • • • • • • • 

PLAT! II 

MAP OF UPPER SANTA CRUZ BASIN, AR IZON A 
SHOWING GEOLOGY. LOCATIONS OF W£LLS. 

AND CULTIVATED AREAS . 

ot4~ts.tdimtnffl#yreab 
l.irMs/Qfw )'Mid limit•~ ,.,;.. 

Dl wot•r ' " p/«#S. 

(_-_'_) 
Probable pediment arto 

Line of droln oQt dlvldt ln 
Potoqonlo Mounta ins 

Boundorr of Sponith land 
qront 

Well 

lrriqated onoson alluvia l 
fill 

11 11 



UNr.EU l'ITIL"':fo'S DEPARTMEtn' OF THE INI'EfllOR 
GOOLOOICAL SURVEY 

' " s. 

' " s. 

MAP OF UPPER SANTA CRUZ BASIN, ARI ZONA 
SHOWI NG CONTOURS OF THE WATER TABLE AS OF 

SPR ING OF 1952 

EXPLANATION 

------ 2340------
ELEVATION Of CON TOU R OF WAT ER TA BLE. 

COHTOUR INTE RVAL. 2 0 FEET 

SEE PLATE II FOR EXPLANATION OF GEOLOGIC 

SYMBOLS 

WATER-LEVEL DATA PA RTIALLY FURNISHED 
BY AGRICULTURAL ENGINEERING DEPARTMENT 
UNIVERSITY OF ARIZONA 

' " s. 

II 

PJ...\TE 12 



• • • • • 

UNM'EO STATES DEPARTMENT OF THE tmERIOR 
C EOLOOICAL SURVEY 

• • • • • 

.. 
" s. 

• • • • • • • 

R .l~( . 

• 

'· . 
s. 

• • • 

' " ' 

• • • • • • • • • 

MAP OF UPPER SANTA CRUZ BASIN, ARIZONA 
SHOWING DEPTH TO WATER TABLE 

' 0 ......... 
EXPLANATION --60----

0EPTH TO WATER TABLE IN FEET,SPRING OF 1952 

SEE PLATE II FOR EXPLANATION OF GEOLOGIC SYMBOLS 

WAT ER·LEVEL DATA PARTIALLY FURNISHED BY 
AGRICULTURA L ENGINEERING DEPARTMENT 

UNIVERSITY OF ARIZONA 

ill/ 

• • • 

PlATE 11 



UNITED STATES O£PARTW:tn' OF T ta: lNTER!OR 
GEOLOGICAL SUR VEY 

' " ' ' ,,, 

MAP OF UPPER SANTA CRUZ BASIN,ARIZONA 
SHOWI NG DECU NE OF THE WATER TABLE 

' 1o.l .... 

EXPLANATION ________ , ______ _ 
DL CL1NE CF #ArEA TABLE IN FEE T FROM 

!;;PF<INI'; ( ,F 1q.:07 TO Sf.'AING 1952 

r- -., 
L- - J 

AREA IN WH IC H WA TE.F< LEVEL ROSE ON AVERAGE 

OF 5 FEET FROM SP RIN G OF 19"17 TO SPRI NG OF 1952 

LIMIT OF ARE A FOR WHICH 
GROUND WAT ER STORAGE WAS COMPUTED 

SEf. P!...ATE II FOR EXPlt.NAT!C.N OF C.EOLOGIC SYMBOLS 

WATER- LEVEL DATA FURNISHED IN PART BY 
AGRICULTURAL ENGI NEERING DEP~ 

UNIVERSIT Y OF ARI ZONA 

!Ill 

PLAT£ 14 



• 
• 
• 
• 
• 
• 
• 
• 
• ., 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. 

I 
115 

LOWER SANTA CRUZ AREA, PIMA AND PINAL COUNTIES 

By R. L. Cushman 

Intr od uct ion 

Location and extent 

The Lower Santa Cruz area is part of a large drainage basin. About seven­
eighths of the Lower Santa Cruz area is within Pinal County, and the remain­
der is within Pima County. The area is roughly triangular (pl. 15). It is 
bounded on the east by the Tucson and Tortolita Mountains and by a large un­
named hard-rock area. The north boundary follows an arbitrary line westward 
from Ashurst- Hayden Dam to the Santan Mountains, thence northward to the 
Pinal-Maricopa County line, thence westward along the county line to the Gila 
River, and thence northwestward along the river to the line between Rs. 1 and 
2 E. The western boundary is formed by the Sierra Estrella, Palo Verde, 
Table Top, Tat Momoli, Silver Reef, Sawtooth, Silver Bell, Waterman, and 
Roskruge Mountains . The sout bern boundary is an arbitrary line between Tps . 
15 and 16 S, The Lower Santa Cruz area and the Upper Santa Cruz basin meet 
in a common boundary in the narrows between the Tucson and Tortolita Moun­
tains. The valley floor of the area covers approximately 2,200 square miles and 
ranges in altitude from about 2,500 feet at the southern boundary to about 1,000 
feet at the northwest corner. The principal towns in the area are Florence, 
Coolidge, CasaGrande, and Eloy . 

Irrigation in the Lower Santa Cruz area was started in four separate locali­
ties, The irrigated acreages expanding from these centers have coalesced or 
are joined by slender links of irrigated land. In order to discuss local condi­
tions the four centers of development are denoted by name. The broad valley 
south of the Pima-Pinal County line will be referred to in this report as the 
Avra- Marana district . The valley northwest from the county line to the Silver 
Reef and CasaGrande Mountains and the Florence-Casa Grande canal will be 
referred to as the Eloy d.istrict. The valley from the Florence-Casa Grande 
canal northward to the Santan Mountains and westward from Ashurst- Hayden 
Dam to Pima Butte, will be called the Casa Grande-Florence-Sacaton district . 
The area west and northwest of the Eloy and Casa Grande- Florence-Sacaton 
districts will be called the Maricopa - Stanfield district . 

Topography and drainage 

The broad alluvial valleys of the Lower Santa Cruz area are almost sur ­
rounded by mountains, the highest of which are the Table Top Mountains, with 
an altitude of 4,375 feet. The valley floors have low relief and are pierced by 
isolated mountain masses, the highest being the Picacho Mountains with an 
altitude of 4,500 feet. The slope of the alluvial surface is from the mountain 
fronts to the axis of the valleys and from southeast to northwest . 

The valley is drained by the Gila and Santa Cruz Rivers and by small washes 
emerging from the mountains . The small washes and most of the major streamE 
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such as the Santa Cruz River, Brawly Wash, Santa Rosa Wash, and Vekol Wash_, 
fail to maintain well-defined channels throughout their courses in the ar.ea. 

The Santa Cruz River, an intermittent stream, enters the area from the 
southeast and trends northwestward at a gradient of about 15 feet per mile for 
about 30 miles, where the channel becomes almost indefinable. Clearing and 
cultivation of the land in this vicinity have practically erased what formerly 
were shallow braided channels. Flows in the Santa Cruz that reach this land 
are diverted into irrigation ditches. Occasionally, flows are too big to handle 
in that manner and some flood damage results. Brawly Wash, which drains the 
southern part of the area, likewise almost loses its identity in many places. 
Santa Rosa Wash enters the area between the Tat Momoli Mountains and the 
Vaiva Hills and fans out into numerous small channels that soon are too small 
to distinguish. Cultivation has erased many of these small channels . Occa­
sional flows in Santa Rosa Wash are used for irrigation, but at times the vol­
ume of flow is too great and some damage occurs. Vekol Wash enters the 
area south of the Palo Verde Mountains. Flows in this wash seldom reach as 
far north as Maricopa. McClellan Wash enters the area from the east and 
flows around the north end of the Picacho Mountains, losing its identity near 
the Florence-Casa Grande canal. ' 

The Gila River flows westward for about 65 miles across the extreme north­
ern part of the area. The altitude of the river at the eastern side of the area is 
about 1,600 feet and, where it leaves the area, about 1,000 feet. It approaches 
the area as a perennial stream but all the normal flow is diverted into canals 
at Ashurst- Hayden Dam. The river is intermittent through the area except in 
the extreme western part, whe:r;e the stream channel intersects the water 
table. 

Geology 

Many generalizations about the geology of the desert region, as discussed in 
Part I of this report, are applicable to the Lower Santa Cruz area. Unlike some 
of the other major basins and most of the minor basins in the desert region of 
Arizona, however, the Lower Santa Cruz area is not considered as occupying 
a single structural trough. The area includes several interconnected structural 
depressions. 

With the exception of the alluvial fill, the rocks exposed in the mountains 
are predominant! y volcanic rocks of Cretaceous ,. Tertiary, and Quaternary 
age, and crystalline and metamorphic rocks of pre-Cambrian and later age. 
Cretaceous (?) or Tertiary (?) sedimentary rocks are exposed in small areas, 
the largest being in the Tucson Mountains. With the possible exception of 
some of the sedimentary rocks, the hard rocks of the mountains are too imper­
meable to yield more than extremely small amounts of water to wells. These 
rocks will not be discussed further in this report. Plate 15 depicts the charac­
ter and location of the various rock types in the area, and provides a brief 
statement of their water- bearing properties. 



• 
• 
• 
• 
• 
• 
• 
• 
• 
•· 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• ... 

Pediments 

Several areas bordering mountain bases have been outlined on plate 15 
as pediments or probable pediments. The outlines of these pediment areas 
are only approximate because data are not available to delineate their outer 
limits. These outlines indicate areas where it is probable that only limited 
water supplies are available. The outlines also show areas that, from sur­
ficial inspection, might be considered avenues of ground-water movement to 
or from adjacent valleys, as for example, the narrow passes among the 
Roskruge, Waterman, and Silver Bell Mountains. Pediment areas are under­
lain by hard rock at shallow depths and therefore reduce the apparent volume 
of valley fill. This is particularly evident in the vicinity of the Sacaton 
Mountains. It is probable that additional pediment areas will be discovered 
by drilling or other methods of subsurface exploration . 

Alluvial fill 
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The generalized discussion in Part I of this report contains much that is 
applicable to the alluvial fill of the Lower Santa Cruz area. The following 
discussion describes the occurrence of the valley fill in the area and points 
out some of the features of the fill that affect the storage and transmission of 
ground water. The description of the alluvial fill is based largely on well logs, 
a selection of which are given in table 23 at the end of this section . 

The alluvium that partially fills the rock troughs between the mountains 
r anges from a few feet to several thousand feet in thickness in the area. Ex­
cept for Recent alluvium in the channels of washes, the valley fill is classed 
as older alluvial fill of undifferentiated T ertiary and Quc:.t ernary age. The 
Recent alluvium along stream channels is not an important aqui~er except in the 
mountain canyons and, therefore, will not be discussed further in this sec t ion . 

Avra-Marana district.--Qf the wells in the Avra-Marana district, the deep­
est for which a record was obtained by the Geological Survey, (D-l2-l0)18bcc, 
was drilled to a depth of 904 feet without encountering bedrock. An oil test, 
(D-12-11)6, reportedly reached a depth of 4,850 feet, but information is not 
available to show whether bedrock was encountered . 

Examination of logs of wells in this district, (D-11-11)20ddd, (D-11-11) 
2laaa, (D-12-10)21ddc, (D-12-11)29add, (D-l3-10)26ccd, and others, shows that 
beds of unconsolidated sand and gravel interbedded with silt, clay, and caliche 
are generally present to depths of 500 to 700 feet. Below these depths the few 
data available indicate the presence of cemented sand and gravel or partially 
cemented finer-grained sediments . 

The alluvial fill is thin in the pediment areas along the fronts of the Roskruge, 
Waterman, and Silver Bell Mountains and in the small valleys among these 
mountains. The alluvial fill in these areas generally is above the water table 
of the main ground-water body of the district. Local areas of perched water 
may be present . 

Elov district. --The deepest water well in the Eloy district, (D-8-7)12bdd, was 
drilled to a depth of 2, 700 feet without encountering bedrock. The driller's log 
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of this well indicates the presence of sand and gravel lenses to depths greater 
than 1,100 feet. However, a n electric log of the well suggests that those lenses 
below 1,100 feet contain predominantly finer-grained sediments. These ma­
te~ials are more compact and have less porosity than the fill at shallower 
depths. Logs of other deep wells in the Eloy district indicate that, in general, 
numerous relatively permeable lenses of sand and gravel are present to depths 
of about 500 to 700 feet. From those depths to about 1,100 feet the silt and clay 
layers increase in thickness and number and the sand and gravel lenses are 
thinner. From 1,100 feet to about 1,500 feet, fine-grained, poorly sorted, and 
more 1-:onsolidated sediments predominate, Data on the character of the val­
ley fill below 1, 500 feet are insufficient to warrant general conclusions. It is 
probable that some wells may encounter relatively permeable sediments be­
low a depth of 1, 500 feet . 

In the southeastern part of the Eloy district, well (D-9-10)20aaa was drilled 
to a depth of 1,090 feet without encountering bedrock. Examination of the drill 
cuttings indicated that sand and gravel lenses were present to a depth of about 
650 feet. Below this depth the materials were fine - grained and poorly sorted. 

The following compilation lists the wells whose depth exceeds 1,000 feet, 
based on data in the files of the Geological Survey in August 1952: 

Location Depth drilled Location Depth drilled 
(feet ) (feet) 

T . 7 S .. R . 7 E. T . 8S .. R . 8E. 
Sec . 31 1,200 Sec . 20 1,302 

32 1,432 29 1.685 
32 1.285 T . 9S .. R . 6E . 

T . 7 S .. R . 8 E . Sec . 24 1.200 
Sec . 22 1.011 T . 9 S .. R . 7 E . 

T . 8 S .. R . 7 E . Sec . 4 1,240 
Sec. 2 1,002 7 1,000 

11 1, 500 11 1,095 
11 1,000 13 1,041 
12 2,700 17 1,243 
20 1, 049 19 1,148 
21 1,697 19 1,410 
29 1, 000 23 1,050 
29 1,109 25 1,260 
33 1.120 26 1,285 

T . 8S .. R . 8E . 28 1,257 
Sec . 11 1,075 29 1.242 

12 1,010 T . 9S .. R . BE. 
12 1,000 Sec . 20 1,124 
13 1,170 21 1.300 
14 1,022 T. 9S .. R . lOE . 
17 1. 328 Sec . 20 1.090 
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• There are local areas in the Eloy district in which wells have reportedly 

• encountered bedrock at comparatively shallow depths. All these wells in 

• 
the Eloy district are listed in the following tabulation. The list was compiled 
from data on file August 1952 . 

• Location Depth drilled Depth to rock Driller's description 

• (feet) (feet) of rock 

• T 7S.R.6E. 

• Sec. 3 81 47 Granite, hole abandoned 
11 465 452 Rock 

• 11 297 297 Granite 
17 86 78 Rock, hole abandoned • J7 105 100 Rock 

• 17 145 140 Rock 
20 450 449 Hard granite 

• 20 108 108 Bedrock' 
28 468 464 Solid rock • 31 522 285 Alternat ing red and gray rock 

• 31 180 165 Rock 
31 186 184 Granite rock 

• 31 176 172 Granite rock 
31 190 183 Granite • 33 487 487 Solid rock, (warm water) 

• 34 606 606 Solid rock, (warm water) 
34 611 611 Solid rock . (warm water) 

• T. 7 S .. R . 7 E . • Sec . 8 255 222 Granite 

• T. 6 S . . R . 5 E . 
Sec . 1 228 228 Granit e . ,--, • T. 8S .. R . 6E . 

• Sec . 29 282 272 Black rock 
29 358 340 Rock 

• 30 296 290 Black rock 
30 440 285 Red rock 

• 31 280 266 Black r ock 

• 32 306 302 Black rock 
32 600 415 Rock, red bed, and malapai 

• 32 400 323 Black rock 
33 425 420 Red rock, black r ock on 

• bottom of hole 

• 33 653 250 Red rock, black rock, etc . 
34 380 377 Rock. last 8 inches verv hard 

• T . 9S .. R . 6E . • Sec. 13 930 885 Hillto:Q 

• 
• 
• 
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Location Depth drilled 
(feet) 

T. 9 S .. R. 9 E. 
Sec.34 527 

T. 9 S .. R. 10 E. 
Sec. 19 566 

T.10S . . R.7L 
Sec. 33 340 

T. 10 S .. R. 9 E. 
Sec. 5 600 

21 405 

Depth to rock 
(feet) 

517 

566 

335 

590 
270 
280 

Driller's description 
of rock 

Rock . 

Bedrock 

Mountain rock 

Granite rock 
Rock 
Granite and malpais 

It is unlikely that there is a great thickness of alluvial fill between 
Picacho Peak and the Picacho Mountains. A domestic well (D-9-9)10acd, 
drilled to a depth of about 220 feet, reportedly encountered lava at less than 
210 feet. No information is available to indicate the depth or composition of 
valley fill east of the Picacho Mountains. In the comparatively narrow valley 
of the Santa Cruz River between the Silver Bell Mountains and Picacho Peak, 
bedrock was reported at 270 feet in well (D-10-9)21aad, and at 590 feet in well 
(D-10-9)5ccb. The greatest thickness of fill apparently is closer to Picacho 
Peak than to the Silver Bell Mountains. In the southwestern ,part ofT. 8 S., 
R. 6 E., wells encountered rock at depths of about 300 feet. Logs of wells 
(D-10-6)11ccd and (D-10-6)11ddd indicate that bedrock may be present between 
the Sawtooth and Silver Bell Mountains at depths as shallow as 360 feet. South 
and west of the CasaGrande Mountains, wells (D-7-6)21aad2 and (D-7-6)28ddd 
reportedly entountere d bedrock at depths of 285 and ·464 feet, respectively. 
Northeast of the Silver Reef Mountains a well on unsurveyed land, approxi­
mately in sec. 1, T. 8 s., R. 5 E., encountered bedrock at a depth of about 230 
feet. Between these two localities the depth to bedrock is at least 600 feet in 
places. In the vicinity of the small hills in sees. 7 and 9, T. 7 S., R. 7 E., 
well (D-7-7)8add is reported to have encountered bedrock at a depth of 222 feet. 
On the northeast side of the Casa Grande Mountains, wells (D-7-6) llaaa and 
(D-7-6)11acd reportedly encountered bedrock at depths of 452 and 297 feet, 
respectively. 

CasaGrande-Florence-Sacaton district. --A large part of the CasaGrande­
Florence- Sacaton district is underlain by a thick series of clays generally 
encountered at depths of from 250 to 450 feet. Table 22 was compiled from 
data available as of August 1952 and shows depth to the top of the clay for all 
wells 300 feet or deeper in Tps. 5 and 6 S., Rs. 7, 8, and part of 9 E., the 
area principally underlain by the clay series. 
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Table 22.--Wells 11rith total depths of 300 feet or IIX:lre that encountered clay 
in Tps. 5 and 6 S., Rs. 7, 8, and 9 E., Lower Santa Cruz area, 
Ariz • 

Depth Depth to top Depth Depth to top 
Well drilled of clay series I [vi ell drilled of clay series 

(feet) (feet) {feet~ (feet) 

T. 5 S. ,R. 7 E • T. 6 S. ,R. 7 E. 
Sec. 13 308 275 Sec. 3 300 206 

13 350 148 4 330 266 
13 670 274 4 4oo 264 
13 352 280 4 402 392 
14 446 258 8 700 295 
25 368 157 10 500 414 
25 470 270 10 4oo 274 
33 300 248 10 414 321 
34 355 275 11 416 376 
34 308 264 12 4oo 344 

T. 5 S.,R. 8 E. 12 492 348 
Sec. l 308 3CO 12 512 475 

10 515 338 12 412 350 
. 12 420 390 14 700 300 

17 421 280 14 4oo 290 
19 318 260 16 560 428 
19 300 185 18 370 360 
25 396 201 21 300 192 
25 4o6 390 21 310 278 
29 355 315 22 498 380 
30 420 305 22 601 350 
30 360 304 22 634 250 
30 414 318 25 380 252 
31 345 331 28 350 265 
31 338 318 32 580 270 
32 442 198 32 498 288 
33 4oo 272 33 350 302 
34 6oo 290 33 4oo 256 
35 4oo 344 34 4oo 250 

T • 5 s.,R. 9 E. 

I 
34 338 320 

Sec. 4 341 260 34 430 240 
5 355 260 34 497 356 
6 504 197 34 300 254 
8 621 293 35 420 355 

18 396 160 36 452 410 
30 500 418 36 360 ' 340 
31 556 435 36 550 505 
32 6oo 484 T. b S. ,R. 8 E. 
32 550 436 Sec • 1 300 268 

T. 6 s.,R. 7 E. 2 490 295 
Sec . 1 418 331 2 365 354 

1 450 402 2 700 350 
2 380 337 3 4oo 206 



Well 

T. 6 

Table 22 .--Wells vJith total depths of 300 feet or more that encountered clay 
in Tps. 5 and 6 S., Rs. 7, 8, and 9 E., Lo wer Santa Cruz area­
continued. 

Depth Depth to top I Depth Depth to top 
drilled of clay series 'tlell drilled of clay series 
(feet) (feet) (feet) (feet) 

S. ,R. 8 E. T. 6 S.,R. 8 E. 
Sec. 3 388 382 Sec. 17 410 390 

3 316 296 18 540 359 
3 380 300 18 44o 376 
3 474 384 18 355 331 
4 297 375 18 394 350 
5 312 295 21 300 226 
5 312 292 23 320 286 
5 360 298 23 409 339 
6 515 275 25 510 402 
6 396 342 27 6o4 502 
6 402 351 28 416 328 
7 508 470 29 300 212 
9 468 380 29 352 340 
9 504 385 29 304 294 

10 300 249 29 4oo 368 
11 365 300 31 4o6 294 
11 300 252 32 320 310 
13 300 182 33 500 472 
16 4oo 397 T. 6 S. ,R. 9 E. 
16 395 350 Sec. 6 584 200 

30 390 358 
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The total t hickness of the clay series is unknown, but wells have been 
dr illed to depths of 700 feet without reaching the bottom of the s er ies . The 
log of an oil test, (D - 6- 7)25ddd shows a clay and shale series from 445 to 
2,619 feet, interrupted only at 1,022 feet by a 1- foot lens of sand . 

The clay series does not appear consistently at shallow depths in logs of 
wells south of the Florence- Casa Grande canal. Logs also show that wells 
along the eastern side of the district have encountered sandier clays than 
are present in the interior of the district . Well (D- 6- 9)33bad , depth 1,100 
feet, reportedly did not encounter clay but did encounter much fine sand . In 
the vicinity of Casa Grande the clay apparently grades westward into con­
glomerates. 

The deepest well on record in the Gila River Indian Reservation, (D- 4- 5) 
7bcb, is in the vicinity of Sacaton. The well is 446 feet deep and did not pass 
out of valley fill, nor did it encounter a clay series . Logs of this and other 
wells indicate that the valley fill in this area is partially consolidated by 
cementation below de:r:;ths of about 250 feet . Bedrock is probably present at 
comparatively shallow dept hs in the narrows between the Santan and Sacaton 
Mountains . 

There are other local areas in the Cas a Grande- Florence- Sacaton district 
in which wells are reported to have encountered bedrock at comparatively 
shallow depths, as shown by the following tabulation: 

Location 

T . 3S . . R . 5E . 
Sec . 32 

T . 4S .. R . 5E . 
Sec . 4 

6 

T . 4 S .. R . 7 E . 
Sec . 18 

T . 4 S .. R . 9 E . 
Sec . 4 

5 
27 
31 
34 
34 

T . 4 S .. R . 10 E . 

Depth dr illed 
(feet) 

106 

285 
385 

185 

434 
403 
290 
382 
270 
184 

309 

Depth to rock 
(feet) 

100 

272 
370 

166 

430 
400 
270 
368 
264 
180 

308 

Driller' s descript ion 
of rock 

Gr anite 

Brown r ock 
Granite 

Granite 

Lava flow 
Black rock 
Hill for mation 
Gr anite 
Hill for mation 
Solid r ock 

Granite 

121 

Sec . 12 
14 
21 

50 
304 

Solid rock, hole abandoned 
296 Bedrock 
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Location Depth drilled Depth to rock Driller's description 
(feet) (feet) of rock 

T.4S .. R.11E. 
Sec. 7 136 135 Bedrock 

T.5S .. R.7E. 
Sec. 4 135 126 Solid rock. hole abandoned 

T. 5 S .. R. 8 E. 
Sec. 1 360 332 Granite 

T. 6 S .. R. 5 E. 
Sec. 12 150 82 Red rock 

135 Brown rock 
142 Sandstone 
147 Granite 

12 70 70 Bedrock 
12 80 80 Bedrock 
22 115 112 Granite 
22 195 185 Hill top 
23 90 73 Red malpais 
25 115 110 Granite 
27 103 100 Granite 
36 114 109 Purple malpais and 

granite mixture ,..-

T. 6S., R. 6 E. 
Sec. 7 218 138 Rock 

14 510· 507 Hard rock 
16 730 705 Hard abrasive rock 

(granite basement) 
18 325 150 Rock, red, white, black, 

granite 
20 280 248 Hill formation 
29 625 580 Granite 
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Maricopa -Stanfield district. --The deepest irrigation well in the Maricopa­
Stanfield district, (D-6-4)17ddc, was drilled to a depth of 1,294 feet, reported­
ly without encountering bedrock. From available records, wells over 1,000 
feet deep that did not encounter bedrock are listed as follows: 

Location 

(D-5-3)36 
(D-6-3)3 

3 
(D-6-4)4 

17 

Depth drilled. in feet 

1,212 
1,203 
1,114 
1,120 
1.294 

An oil test, (D-4-3)36ca, reportedly passed out of valley fill at a depth of 
about 2,000 feet and continued to a depth of 3,642 feet in rock. Logs of wells 
in the interior of the district indicate alluvial-fill conditions similar to those 
described for the Eloy district . 

There are local areas in the -Maricopa -Stanfield district where bedrock 
is reported to have been encountered at comparatively shallow depths, as 
follows: 
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Location 'I Depth drilled Depth to rock Driller' s nescription 
j (feet) (feet) of rock I 

I 
T . 4S .. R . 2E , 

Sec , 15 372 332 Granite , hard 
22 305 301 Granite 
23 386 335 Granite, hard 
26 309 300 Hard gr anite 

T . 4S .. R .4 E . 
Sec . 20 506 488 Granite rock 

22 415 405 Granite 
27 600 598 Hard rock 
27 550 432 Rock and crevices 
34 425 420 Blue gr anite 
34 337 320 Blue granite --

T . 5 S .. R . 2 E . 
Sec . 2 427 385 I Base of mounta in 

26 600 536 Hard gr anite 
33 540 520 Granite 
36 261 253 Gr anite. hole abandoned 

T . 5S .. R . 4E . I 
Sec . 10 430 425 

I 
Mountain gr anite 

10 450 445 Mountain gr anite 

T . 6 S . . R . 2 E . I 
Sec . 1 551 545 I Gr anite 

T . 6 S .. R . 3 E . 
I 

Sec . 5 650 640 I R ock I 

17 592 570 Hill formation 
19 400 385 j Solid granite 
25 380 380 I Bedrock 

T . 6 S .. R . 5 E . 
Sec . 16 200 198 Hill top 

16 280 280 Mounta in 
18 340 340 Har d rock s urface 
18 430 430 Granite 
32 --1--· 

414 412 Granite 

T . 7 S .. R . 4 E . 
Sec . 17 50C 485 Solid rock --

' 

T. 7 S .. R . 5 E . 
Sec . 16 200 195 Rock 

21 415 405 Rock 
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Location Depth drilled Depth to rock 
--·--·-----+-----(=fe:_e::;_otl ____ (feet) 

Driller's description 
of rock 

------~~~~-----------

T . 7S .. R. 5 E . 
Sec . 23 

23 
24 

250 
200 
475 

200 
180 
260 

Rock 
Rock 
Hard rock malapa i 

Thirteen wells in Tps . 4, 5, and 6 S., R . 2 E., and T. 6 S. , R . 3 E., report­
edly encountered har d rock at depths r anging from 253 to 680 feet, with an 
average thickness of alluvium of about 400 feet. Several wells in 
T. 4 S., R . 4 E., rer:ortedly encountered hard rock at depths ranging from 320 
to 598 feet. Drillers' logs of wells in much of the eastern half of Tps. 6 and 
7 S., R. 5 E., indicate the presence of hard materials at relatively shallow 
depths. Terms such a s "solid rock", "bedrock", and "granite" appear in 
the logs of 20 wells in the area. These logs suggest that the top of the hard 
material is at an average depth of about 200 feet . This surface could be the 
top of a buried mountain, the top of lava flows, or possibily, the top of 
cemented valley-fill sediments . 

Ground water 

Occurrence 

Avra-Marana district . --Depth- to-water measurements in wells in t he Avra­
Marana district show that the water table is at depths as shallow as 110 feet 
near Rillito, where the Santa Cruz River enters the ar ea, and deeper than 
300 feet in the southern part of the distr ict and along the easter n and western 
mar gins of the valley fill. Plate 15 shows the depth t o t he water table for 
most of the distr ict . The average depth to water in t he distr ict is about 200 
feet. 

Near the community of Rill ito, where under flow fr om the Upper Santa 
Cruz basin enters t he Avra - Marana district, the depth t o water incr eases 
from about 100 feet to over 200 feet in a distance of less than 1t m iles . A 
partial ground -water barrier of undetermined compos it ion and extent holds 
t he ground water south of the bar r ier at a higher elevation than nor th of the 
barrier . 

The water that has been pumped from wells in t he district was withdrawn 
fr om the fill at depths gener ally less than 800 feet. Deeper wells may en­
counter aquifers at gr eater depth, but t he permeability and yield fr om these 
deeper aquife r s pr obably will be less than from the shallower aquifers . 

Elov district.--The depth to water in March 1952 in the Eloy distr ict ranged 
from about 100 feet in the northeastern part to about 300 feet southeast of 
the P icacho Mountains . The average depth to water was about 175 feet . 

In t he s outheastern part of the Eloy distr ict t he dept h to t he water table 
r anges from about 150 feet near the Santa Cruz River to over 300 feet so~th­
east of t he P icacho Mountains . Well (D - 9- 10)20aaa reportedly had only a 
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small increase in water production below 650 feet. The depth to water in this 
well was about 200 feet in March 1952. The record for a domestic well in the 
pass between Picacho Peak and the Picacho Mountains indicates a thickness 
of saturated alluvium of about 10 feet, The depth to water between Picacho 
Peak and the Silver Bell Mountains averaged about 175 feet in March 1952. 
Logs of wells indicate that the maximum thickness of saturated sediments in 
this ar ea probably is not greater than 425 feet, 

In general, the water- bearing materials from which wells in the Eloy 
district have withdrawn water in past years are at depths less than 700 feet. 
In recent years, deeper drilling has tapped water in permeable materials at 
depths greater than 700 feet, These deeper wells do not represent new 
sources of supply, but ar e merely tapping a common reservoir at a lower 
level. The deeper aquifers are interconnected with those at shallower depths, 
although the connections may be circuitous . Initial water levels higher than 
the prevailing water levels in the vicinity have been noted in wells that tap 
these deeper aquifers , and in which the shallow aquifers have been sealed off. 
This does not indicate that an extensive artesian system is present. It has 
been noted that this apparent ar tesian head is only temporary and disappears 
with pumping. A possible cause for the anomaly is that the connection be­
tween the shallow aquifers and the deeper aquifers may be relatively remote, 
and the hydrostatic pre s sure on the deeper water s may in effect reflect pr es­
sure conditions at the remote point of connection, wher e there may not have 
been as much decline in head as in the vicinity of the well. 

The Geological Survey has not yet had the opportunity to obt ain s uffic ient 
data to justify any general conclusions about the r ate of yield from these 
deeper aquifers. Preliminary conclusions, based on data collected from t he 
relatively few deep wells that have been drilled, are that the sediments in 
the deeper aquifers are more compacted and cemented and are less produc­
tive than those at shallower depths. For this reason a unit volume of the 
deeper sediments proba bly will yield less water and at a slower r ate than will 
a unit volume of the shallower sediments. In terms of pumping from wells, 
lar ger drawdowns ·will be required to obtain a given r ate of pump discharge. 

In a few small local areas along the mar gins of the Eloy district the thick­
ness of saturated alluvium is consider ably less than in most of the district. 
Logs of irrigation wells show that the thickness of the saturated a lluvium in the 
southwestern part ofT. 8 S., R . 6 E., averaged about 180 feet in March 1952. 
In sec . 11, T. 10 S., R . 6 E . , the minimum known thickness was about 210 feet. 
Between the Silver Reef and Casa Gr ande Mountains the thickness r anged from 
150 to 500 feet , 

Casa Grande- Florence-Sacaton district.-- In the Casa Grande-Florence­
Sacaton district the depth to the water table r anges from about 30 feet near 
the Ashurst- Ha yden Dam to over 140 feet along the Florence-Casa Grande 
canal east and southeast of Coolidge . The average depth to water in the dis­
trict is about 75 feet. The top of the extensive clay layer marks the lower 
limit of about 200 fe et of permeable and saturated sediments from which the 
pr esent irrigation wells are withdrawing water. Although the clays contain 
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much water in their upper layers, they yield comparatively little to wells. It 
is not definitely known whether the clays rest on bedrock or on permeable 
sediments . 

The logs of wells in the Gila River Indian Reservation near Sacaton 
indicate that below 200 to 250 feet the sediments may be cemented and have 
but limited storage capacity . 

Maricopa-Stanfield district.-- In March 1952 the depth to water in wells in 
the irrigated parts of the Maricopa -Stanfield district ranged from about 30 
feet near Maricopa to over 300 feet in the southwestern part ofT. 7 S., R. 4 E. 
The average depth to water in the irrigated part of the district is about 145 
feet~ The depth to water decreases northward from Maricopa and, in the 
extreme northwestern part of the district, the Gila River channel intersects 
the water table . 

The thickness of saturated fill over lying the relatively impermeable hard 
materials in Tps. 6 and 7 s., R. t' E., averaged about 125 feet in March 1952 . 
No wells are known to have been drilled through the hard materials and 
consequently it is not known if they are underlain by water- bearing sediments. 

Among the buttes and ridges along the western margin of the Maricopa­
Stanfield district, 15 wells reportedly encountered saturated alluvium averag­
ing abcut 270 feet in thickness. InT. 4·S., R. 4 E., several wells reportedly 
passed through 200 to 450 feet of saturated fill before encountering hard rock . 

Source 

Possible sources of recharge to the ground-water reservoir of the Lower 
Santa Cruz area are as follows: (1) Underflow to the area; (2) seepage from 
surface-water flows within the region; (3) precipitation on the valley floor; 
(4) water rising from depth as fault springs; and (5) seepage from water 
diverted for irrigation. · 

Underflow.-- Underflow enters the Lower Santa Cruz area from the Gila 
and Santa Cruz Rivers, and from Brawly, Santa Rosa, and Vekol Washes. 
It has been estimated (Turner and others, 1943, pp. 83-84) that the total 
average annual amount of underflow at that time from these sources was 
about 28,000 acre-feet. With the exception of underflow from the Upper 
Santa Cruz basin at Rillito, there has been little or no change in conditions 
that would raise or lower this estimate. In the vicinity of Rillito, the water 
table has lowered about 30 feet since 1941. This lowering has reduced by 
about 20 percent the cross-sectional area of saturated sediments through 
which underflow occurs . 

Seepage from surface flows.-- It is concluded generally that the larger river 
and wash channels offer the best possibilities for recharge from surface 
flows. The principal areas where seepage from surface flows reaches the 
ground-water reservoir are the channels of the Santa Cruz and Gila Rivers 
and Brawly, Santa Rosa, Vekol, and McClellan Washes . 
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The total recharge from these sources has been estimated to be over 
20,000 acre-feet per year (Turner and others, 1943, pp. 82-84). No measure­
ments of seepage losses from stream flows have been made in the area in 
recent years. Farms and ranches along these rivers and washes have divert­
ed and used all waters that formerly were permitted to flow downstream. 
These diversions reduce the recharge in the river and wash channels. 

Precipitation. --Tests made in this area and in other parts of southern 
Arizona :ndicate that, in most years at least, little recharge to ground-water 
reservoirs is derived from direct precipitation on the valley floor. Most of 
the precipitation runs off, evaporates, or is transpired by vegetation. The 
areas most favorable for receiving recharge from direct precipitation are 
those with 5 feet or more of coarse uncemented material underlying the 
surface. Such areas occur in the channels of the Gila and Santa Cruz Rivers 
and the larger washes . The gross area is small and the amount of recharge 
is correspondingly small. 

Water rising- from depth. - - The principal locality in the Lower Santa Cruz 
area where it is suspected that water is rising from depth and discharging 
into the valley fill is immediately west of Casa Grande, mostly in 
T . 6 S., R. 5 E. Chemical analyses of the ground waters in this locality show . 
a maximum mineral content of about 5,000 parts per million, or over 10 times 
the mineral content of ground waters in surrounding areas. The highly 
mineralized water in this locality could be rising along a fault zone, a 
possibility that is supported by geologic evidence . 

Seepag-e from water diverted for irrig-ation.- -Recharge from irrigation 
water may occur as seepage from water applied to the land, or as seepage in 
canals and ditches . The amount of recharge by seepage from irrigation 
water probably ranges from almost zero to as much as 25 percent in 
different parts of the Lower Santa Cruz area. Values in the low range most 
likely apply to all except the Casa Grande-Florence- Sacaton district. 

The over- all average figure for recharge from this source is believed to 
be between 5 and 15 percent . This estimate is based on data collected by 
(Turner and others, 1941, p.30), modified by the author of the present report 
on the basis of conditions in the Lower Santa Cruz area. In 1951, the total 
amount of ground water and surface water used for irrigation in the Santa 
Cruz area was about 1,150,000 acre-feet, of which it is estimated that 50,000 
to 175,000 acre - feet will eventually reach the water table. 

Movement 

The movement of ground water in the Lower Santa Cruz area is illustrated 
in plate 16 by contours showing the position of the water table in March 1952. 
Ground-water contour s for the Avra-Marana district are not shown because 
sea - level datum elevations are, at present, not available for these wells. 

In the A-,fr&-Marana district the direction of ground-water movement is 
from south to north and from the sides of the valley toward the axis . In 1952 

' 
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the slope of the water table averaged about 12 feet to the mile from 
T. 14 S. to the Pima-Pinal County line. In the vicinity of Rillito, where in­
flow from the Upper Santa Cruz basin enters the area, the gradient was about 
50 to 75 feet per mile but, about 5 miles norttwest of Rillito, reduced to 
between 10 and 12 feet per mile . 

North of the Pima-Pinal County line the water table slopes northwest, 
indicating that the general movement of ground water is toward the central 
part of the Eloy district through the pass between the Silver Bell Mountains 
and Picacho Peak. There are strong indications that little or no ground 
water moves from the A vra-Marana district into the area east of the 
Picacho Mountains. Ground water in that vicinity moves westward from 
recharge areas farther east . 

In the central part of the Eloy district the ground-water movement is 
predominantly northward. The configuration of the water table has 
char:ged since 1942. At that time most of the ground water moved northwest 
toward the Maricopa -Stanfield district, but some moved northward into the 
CasaGrande-Florence-Sacaton district. This pattern was altered by heavy 
withdrawals of water from wells in the Eloy district. The present trough­
like form of the water t able in the Eloy district indicates that less water is 
now moving toward the Casa Grande-Florence-Sacaton district, 

Less water is moving toward the Maricopa -Stanfield district between the 
CasaGrande and Silver Reef Mountains than moved in 1942. The water 
table here has been lowered about 30 feet in the period 1942-52, with the 
result that a gradient of 10 feet per mile was reduced to less than 5 feet per 
mile. The decline of the water table has reduced the cross section of 
saturated material, and the rate of ground -water movement has become less 
with a decrease in gradient . 

Ground water moves to the Casa Grande-Florence-Sacaton district from 
the Eloy district, from the area north and east of the Picacho Mountains, 
and from underflow of the Gila River. In 1942 water moved westward out of 
the district between the Casa Grande and Sacaton Mountains. In 1952 there 
was virtually no movement through that avenue, because pumping from wells 
in the C a sa Grande-Florence-Sacaton district intercepted this water for 
use within the district. Ground water also moved to the Gila River Indian 
Reservation near Sacaton between the Sacaton and Santan Mountains. The 
amount of water moving through here was less in 1952 than in 1942 because 
of a 20-foot decline of the water table. It is possible that some ground 
water moves northward from the area between Florence and Ashurst-Hayden 
Dam to the Queen Creek area of the Salt River Valley. 

Ground-water movement into the Maricopa - Stanfield district was estimated 
in 1943 as 18,000 acre-feet, most of which entered the district between the 
Casa Grande and Sacaton Mountains (Turner and others, 1943, p. 83). The 
balance of the inflow was largely through the avenue between the Casa Grande 
and Silver Reef Mountains. Since 1942, heavy pumping in the Eloy district 
and in the Casa Grande-Florence-Sacaton district has virtually stopped 
movement of ground water between the Casa Grande and Sacaton Mountains 
(pl. 16). Pumping has also reduced the movement of ground water between 
the Casa Grande and Silver Reef Mountains . 
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At the eastern edge of the Maricopa -Stanfield district the ground-water 
movement is partially blocked by hard materials that form a subsurface 
bar:rier previously discussed. The presence of the barrier is shown by the 
ground-water contours on plate 16. From a gradient of 20 feet per mile, the 
water-table slope abruptly steepens to more than 50 feet per mile. The 
ground water moves westward from the barrier toward Maricopa. Beyond 
Maricopa the ground water moves northward and joins with underflow of the 
Gila River from the vicinity of Sacaton. One of the striking developments 
in the movement of ground water through the Maricopa -Stanfield district 
since 1942 is the large decrease in gradient of the water table in the vicinity 
of Maricopa. In 1942 the gradient in the locality was about 5 feet per mile; 
in 1952 the gradient was 1 1/4 feet per mile. This decrease in gradient ha s 
reduced the outflow from the Maricopa area. 

Discharge 

The discharge of water from the ground-water reservoir of the Lower 
Santa Cruz area occurs as underflow, effluent surface flow, evapotranspira­
tion, and withdrawals by pumping. The first three are considered natural 
discharge, and the fourth as artificial discharge. 

Natural discharge. --Data available are insufficient to revise estimates of 
natural discharge made by Turner and others (1943, p. 84). Their estimates 
for the year 1941 were 10,000 to 25,000 acre -feet of underflow, 3,000 acre ­
feet of surface flow, and about 100,000 acre-feet of evapotranspiration from 
the lowlands of the Gila River. · 

Artificial discharge, --Pumpage from wells in the Lower Santa Cruz area 
has increased greatly in the period of record 1940-51. The following tabu­
lation lists the amount of water pumped each year in each district in the 
area. 

District 

Year A vra-Marana Eloy Maricopa- Casa Grande - Total 
Stanfield Florence-

Sacaton 

Acre-feet 
1940 ------ 140,000 70,000 162,000 --------
1941 7,000 150,000 72,000 115,000 344,000 
1942 4,000 200,000 100,000 200,000 504,000 
1943 11,000 190,000 110,000 215,000 526,000 
1944 10,000 180,000 115,000 235,000 540,000 
1945 13,000 200,000 140,000 270,000 623,000 
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District 

Year Avra-Marana Eloy Maricopa- Casa Grande- Total 
Stanfield Florence-

Sacaton 

Acre-feet 
1946 12,000 22 0,000 150,000 290,000 672,000 
1947 14,000 260,000 150,000 290,000 714,000 
1948 18,000 360,000 260,000 330,000 968,000 
1949 27,000 420,000 360,000 320,000 1,127,000 
1950 25,000 370,000 340,000 290,000 1,025,000 
1951 80,000 380,000 370,000 280,000 1,110,000 

Wells, --The rates of discharge from irrigation wells range widely in 
the Lower Santa Cruz area. The Geological Survey makes numerous well­
discharge measurements during each pumping season to aid in preparing a 
pumpage inventory. A discharge measurement m ade by the Geological 
Survey represents operating conditions at the time of the measurement. It 
does not represent the maximum discharge from the well, because no attempt 
is made to regulate the speed of the motor . During the period from May to 
September 1952, approximately 200 well-discharge measurements were made in 
in the Pinal County portion of the Lower Santa Cruz area. In the Eloy district 
the discharge from 85 wells aver aged 1,160 gallons per minute; in the Mari­
copa -Stanfield district t he dischar ge from 74 wells averaged 1,490 gallons 
per minute; and in the Cas a Grande- Florence -Sacaton district the discharge 
from 30 wells aver aged 880 gallons per minute. The discharges ranged 
from about 300 to about 3,000 gallons per minute . The following list shows 
the r ange of well discharges with respect to the number of wells measured: 

Number of wells 

4 
14 
36 
63 
60 
12 

Discharge 
(gallons per minute) 

Greater than 2, 500 
2,000 - 2,500 
1,500 - 2,000 
1,000 - 1,500 

500 - 1,000 
Less than 500 

There were about 1, 550 irrigation wells in use in the Pinal County portion 
of the Lower Santa Cruz area during the 1952 pumping season . 
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Twenty- five well- discharg8 measurements made in the Avra-Marana 
area ranged from 500 to 3,500 gallons per minute, an aver age of 1,650 
gallons per minute , Approximately 90 irrigation wells were in use at the 
start of the 1952 irrigation season. 

Storage 

Fluctuations of water levels .-- In the Lower Santa Cruz area water levels 
ar e measured in widely spaced wells at least four times a year, approximately 
in March, June, September, and December . Late in February or early in 
March water levels are measured in a much lar ger num·ber of wells . The 
following list shows the number of wells measured and the frequency of 
measurement in each of the districts: 

Distr ict Number of wells measured 
Once a vear Four times a vear 

A vra - Marana 33 29 
Eloy 183 25 
Casa Grande - Florence-

Sacaton 106 23 
Maricopa -Stanfield 175 11 

Hydrographs of water-level fluctuations wer e drawn for a few selected 
wells, as shown in figures 13, 14, 15, and 16. Figure 13 shows fluctuations 
of water levels in wells in the Avr a- Marana district. In the s outhern part of 
the district, where pumping for irrigation is small, the water levels in wells 
(D-15- 10)35aaa and (D - 14- 10)25caa show negligible seasonal fluctuations, and 
the long- term trend indicates little change in ground-water storage in their 
vicinity. The other hydrogr aphs (fig. 13 ) are for wells in the more heavily 
pumped areas in the central and northern part of the district . The decline of 
the water table becomes progressively greater as the center of the oldest 
pump irrigation development is approached . The area of oldest pump 
irrigation is northeast of t he Santa Cruz R iver and, therefore, it is natural 
that the maximum water - table decline is in that area , The water table 
beneath the cultivated lands in that area declined an aver age of about 22 feet 
in the period 1940-52, and the hydrographs for wells (D-11-11)17baa and 
(D- 11- 11)34add show a decline of as much as 26 feet in the same period. 
The gr aphs show that the rate of water - table decline has increased in recent 
years . 

In the southeastern part of the Eloy district, water levels in wells lowered 
a net aver age of about 25 feet in the period 1940- 52 . The water -level 
fluctuations in well (D - 10- 9)10dba, shown graphically in figure 14, are 
representative of fluctuations in that locality. Graphs of water - level fluctu­
ations in other selected wells are shown to illustrate local trends in ground­
water levels . The maximum water - table decline in the Lower Santa Cruz 
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Figure 13.--Graphs showing fluctuations of water level in observation wells and punpase in the Avra­
Marana district of the Lower Santa Cruz area, Pima County. 
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Figure 14.--Graphs showing fluctuations of water level in observation wells and pw.1page in the Eloy 
district of the Low er Santa Cruz are &, r inal County. 
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Figure 15.--Graphs showing fluctuations of water level in observation wells and pumpage in the Casa Grande­
Florence-Sacaton district of the Lower Santa Cruz area, Pinal County. 
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area for the period 1940-52 occurred near the center of the Eloy district. In 
this period the water level in well (D-8-7)24ddd, near the center of m aximum 
decline, lowered about 100 feet. The water table declined at least 60 feet in 
over 50 percent of the Eloy district in the period 1942-52 (pl. 17). The 

1 average net decline in the Eloy district in 1951 was about 7! feet . 
Water -level fluctuations in selected wells in the Casa Grande-Florence­

Sacaton district are shown in figure 15. The rises in water levels shown in 
the first four graphs were caused by increases in recharge and reductions in 
the amount of water pumped from wells in their vicinity. The additional 
rechar ge was derived from above-average amounts of surface water avail­
able for irrigation. Well (D-4-11)7cca, for example, is between the Gila 
River and a main canal, and the water level in this well fluctuates quickly in 
response to recharge from nearby surface-water flows . Plate 17 shows the 
decline of the water table during the period 1942-52. It is apparent that the 
average decline has been between 30 and 40 feet in over 50 percent of the 
area between Casa Grande and Florence, and not more than 20 feet in most 
of the Gila River Indian Reservation in the vicinity of Sacaton. The average 
net decline in the Casa Grande-Florence - Sacaton district in 1951 was about 
6 feet . 

Water - level fluctuations in selected wells in the Maricopa- Stanfield 
district are shown graphically in figure 16, In the central and southern parts 
of the district the declines were as much as 70 feet in the period 1942-52. and, 
near Mar'icopa, less than 20 feet. Aver age water-level declines in the same 
per iod were greater than 40 feet in more than 50 percent of t he district 
(pl. 17). The aver age net decline in the irrigated part of t he Maricopa­
Stanfield district in 1951 was around 8! feet, 

In the Pinal County portion of the Lower Santa Cruz area the water-table 
decline (pl. 17) has spread almost to t he mountain boundaries , 

Quantitv in storage. --Data are inadequate fo r computing the amount of 
water that can be withdr-awn in the Avr a - Mar ana district by unwatering a given 
increment of valley fill. 

The amount of water in storage that can be withdrawn from wells in the 
Pinal County portion of the lower Santa Cruz area is estimated on the basis 
of what has occurred in the period 1942- 52 . From plate 17 it was calculated 
that approximately 33,000,000 acre - feet of alluvial fill was unwatered between 
the spring of 1942 and the spring of 1952 . Ground -water pumpage during thi;3 
period amounted to about 7, 600,000 acre - feet . Assum ing the dat2 ccllected 
in 1941 (Turner and others, 1943) are applicable for the period 1942- 52, 
natural discha:::ge during the period was of the same or der of magnitude a s 
recharge . The unwatering that occurred between 1942 and 1952 lowered the 
water table an average of 37 feet beneath appr oximately 925,000 acres of 
land, On the basis of these data and assumptions, computations show that 
by lowering the water table an addition2ll3 feet about 2, 700,000 acre - feet of 
water will be withdrawn from storage . Therefore, a 50-foot layer of saturai ed 
alluvium beneath t he 925 ,000- acre area in Pinal Count y is estimated to con­
tain approximately 10,000,000 acre - feet of water ir:t under lying storage , 
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No attempt has been made to estimate the storage capacity of the alluvium 
in deeper 50-foot increments because too many variables are involved. In 
some parts of the area it will doubtless be feasible to unwater completely 
the alluvial fill to depths considerably below the present level of the water 
table. Elsewhere there are localities where clay, cemented sediments, or 
bedrock are not far below the water table, and in these localities the 
process of unwatering would necessitate many closely spaced wells. The 
character of the valley-fill materials is too variable to warrant the ar:plicn­
tion of a single drainage coefficient to such a large area, as the drainage 
coefficient apparently decreases with depth. 

Problems 

Additional data are needed for the Lower Santa Cruz area to determine 
more accurately the ground-water resources of the area. Further data 
on the following are needed: 

1. Recharge, particularly by infiltration from irrigation water . 
2. Natural discharge, particularly by evapotranspiration along the 

Gila River. 
3. Position, extent, and water- bearing character of deep aquifers, par ­

ticularly with respect to their permeability and coefficients of 
drainage. 

4. Chemical quality of ground water in both shallow and deep aquifers. 
5, Changes in chemical quality of ground waters with respect to time. 
6. Extent of pediment areas . 
7. Additional well-discharge measurements in order to increase 

accuracy of pumpage inventory. 

Summarv 

The Lower Santa Cruz area occupies about 2,200 square miles . The 
area is mostly within Pinal County, but a small part lies in Pima County. 
The area is drained principally by the Gila and Santa Cruz Rivers. 
Unlike most other basins of the desert region, the area is not within one 
structural depression but includes several. The pr incipal aquifers of the 
area are in the older alluvial fill, which generally is several hundred feet 
thick. In the past, most of the irrigation wells have withdrawn water from 
aquifers generally less than 800 feet deep. In recent years, wells have been 
drilled deeper and have encountered water- bearing beds at greater depths. 
The deep aquifers are interconnected with those above and form a common 
ground -water reservoir. 

The depth to water r anges from a few inches in the northwest part of 
the area, near Gila River, to more than 300 feet in the southwestern and 
southern parts of the area. The depth to water in the irrigated parts of 
the area ranges from about 30 feet, near Maricopa, to about 300 feet, in 
the southwestern part of the Maricopa - Stanfield district . 

Annual withdrawals from wells generally have increased; from 344,000 
acre- feet in 1941 to 1,127,000 in 1949, 1,025,000 in 1950, and 1,1:0,000 in 1951. 
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Pumping from wells has lowered the water table as much as 100 feet 
in some parts of the area during the period 1940-52. In the Pinal County 
portion of the area the water table has been lowered an average of 37 
feet in the period 1942-52, during which time 7,600,000 acre-feet of ground 
water was withdrawn. It is estimated that by the time the average decline 
becomes 50 feet, 10,000,000 acre - feet of water will have been withdrawn, 
It is believed that this amount of water cannot be obtained for succeeding 
50-foot increments of decline . 

QUALITY OF WATER IN LOWER SANTA CRUZ AREA 

By. J. D. Hem 

The quality of ground waters in the Lower Santa Cruz area is discussed 
in a report by Turner and others (1943, pp. 72 - 81). As noted in that report, 
the quality of ground waters in the Avra-Marana, Eloy, and Maricopa­
Stanfield districts is in general suitable for irrigation and domestic use . 
In the Casa Grande- Florence-Sacaton district some of the ground water 
is too highly mineralized to be satisfactory for domestic use and may be 
"doubtful to unsuitable" for irrigation. In several parts of this district 
fairly well-defined areas occur where the grc-und water is highly mineralized. 
One of the most notable is west of Casa Grande, Selected analyses of 
samples of water from the four districts are given in table 24 . 

A number of wells in the area have been resampled periodically 
since 1943 (table 24). The analyses of these samples indicate in a general 
way the changes that have occurred in quality of ground water. In those 
parts of the area where the ground water contains less than 500 parts 
per million of dissolved solids, few changes in chemical quality have 
occurred since 1943. 

No large areas of highly mineralized water have developed since prepa­
ration of the 1943 report, although some of the areas noted previously have 
increased in size since that tirr:.e . The cause of the increase in size is 
attributed in large part to the lowering of the regional water table. In 
local areas, particularly in the Casa Grande - Florence-Sacaton district, 
where the sand and gravel aquifers are collectively rather thin, the un­
watering is causing wells in those areas to draw a greater proportion of 
their supply of water from the underlying, less permeable materials. The 
waters in these beds are more highly mineralized than the waters in the 
sand and gravel aquifers . Therefore, as the water table lowers, wells 
in adjacent areas withdraw more and more water from the less permeable 
materials, and the area in which highly mineralized water is withdrawn 
from wells grows larger. In areas where deep-seated highly mineralized 
water leaks into the valley fill, the lowering of the water table has decreased 
the head near the avenue of leakage, and greater quantities of this miner ­
alized water enter and spread into adjacent areas . In the area south and 
southeast of Coolidge the concentration of dissolved solids has increased 
considerably. In the area west of Coolidge the highly mineralized waters 
apparently have spread southward. In the area west of Casa Grande the 
highly mineralized waters apparently are spreading eastward . 
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The decline of the water table in this area and the decrease in well 
yields have resulted in drilling some wells deeper. The quality of water 
encountered at depths of 1,000 feet or more seems to differ from that of 
water at shallower depths. Ava ilable data indicate that the sodium per-
centage increases with depth. No consistent change in dissolved-solids 
concentration is associated with the change in sodium percentage in the 
areas where samples were collected. The following tabulation lists a few 
shallow wells and deep wells sampled for quality-of-water comparison: 

Specific 
conductance 

Year Depth (micromhos Percent 
Well sampled (feet) at 250 C.) sodium 

T. 5 S., R. 3 E . 
Sec . 35 1941 350 600 41 

36 1952 1,212 562 56 
T. 6 S., R . 4 E. 

Sec . 16 1941 525 493 50 
17 1952 1,294 501 58 

T. 6S., R .5E. 
Sec . 22 1941 130 4,950 58 

21 1952 400 4,800 67 
T. 7S., R .7E. 

Sec . 31 1941 352 430 49 
32 1952 1,432 498 70 

T. 8 S., R . 7 E. 
Sec . 15 1941 297 534 37 

21 1952 1,697 481 55 
T. 8S., R . 8E. 

Sec . 17 1941 500 539 32 
17 1952 1,328 469 63 

T. 9S ., R . 6E . 
Sec . 24 1941 382 432 40 

24 1948 1,110 372 82 
24 1952 1,110 421 84 

T. 9 S., R . 8 E . 
Sec . 20 1941 500 498 42 

21 1952 1,300 540 69 

The higher sodium percentage of the deeper waters makes them somewhat 
less desirable for irrigation use than the shallower waters. As stated 'in 
Part I of this report, waters having a high sodiun~ percentage tend to enter 
into base - exchange reactions that harden the irrigated soil and make it 
progressively less permeable. 
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Table 23.--Logs of representative \'Tells in Lo ... rer Santa Cruz a r ea , 
Pinal County, Ariz . 

(D-4-. 5 )bbcc 
Soil- - - - - - - - - -
Clay and caliche- - - -
Sand and gravel 611- - -

Clay and gravel - - - -
Clay- - - - - - - - - -
Clay and gravel - - - -
Sand and gravel ~ 11- - -

Cemented sand and gravel 
Granite - - - - - - - -
TOTAL DEPTH 

( I'-4-.b)24baa 
Soil- - - - -
Fine sand - - - - - - -
Loose gr avel 
boulders - - - - - - -

Cl~y- - - - - - - - - -
Loose gravel and clay­
Cemented gravel and 
boulders - - - - - - -

Gr avel wi th streaks of 
clay - - - - - - - - -

Cemented material - - -
TOTAL DEPTH 

( I'-4-.11 )7adb 
Topso il -- - - - - - - -
Sand- - - - - - - - - -
Sand and gravel to 1~ 11 

Coarse gravel to 1~ 11- -

Cemented gravel - - - -
Granite boulders- ---
Cemented boulders -
Bed rock- - - - - -
TOTAL DEPTH 

(l'- 5- 3)36cdd 
Sandy soil- - - - - - -
Clay- - - - - - - - - -
Dry gravel- - - - - - -
Clay- - - - - - - - - -
Sand- - - - - - - - - -
Clay- - - - - - - - - -
Water gravel- - - - - -
Clay- - - - - - - - - -
Gravel- - - - - - - - -
Clay- - - - - - - - - -
Sand- - - - - - - - - -

Thickness 
(feet) 

2 
10 
52 
96 

100 
70 
10 
30 
15 

16 
14 

23 
1 

18 

56 

41 
10 

12 
16 

g 
44 
41 
3 

11 
1 

20 
4o 
30 
25 
15 
28 

g 
24 

6 
10 
6 

Depth 
(feet) 

2 
12 
64 

160 
260 
330 
340 
370 
385 
385 

16 
30 

53 
54 
72 

128 

169 
179 
179 

12 
28 
36 
so 

121 
124 
135 
136 
136 

20 
6o 
90 

115 
130 
158 
166 
190 
196 
206 
212 

Clay- - - - - - - - -
Clay and sand - - - -
Clay- - - - - - - - -
Clay and gravel - - -
Clay- - - - - - - - -
Sand and gravel - __ -
Clay- - - - - - - - -
Sand and gravel - - -
Clay- - - - - - - - -
Sand- - - - - - - - -
Clay and gr avel - - -
Clay- - - - - - - - -
Sand- - - - - - - - -
Gravel- - - - - - - -
Clay- - - - - - - - -
Clay- - - - - - - - -
Sand and gravel - - -
Gravel and sand - - -
Sandy clay- - - - - -
Clay- - - - - - - - -

* 
Sticky red clay - - ~ 
Brown shale - - - - -
Red clay- - - - - - -
Bro wn clay- - - - - -
Hard shale- - - - - -
Clay- - - - - - - - -
Sandy clay- - - - - -
Clay- - - - - - - - -
Sandy gravel 3/4 11 - -

Clay and gravel - - -
Clay- - - - - - - - -
Fine sand - - - - - -
Clay- - - - - - - - -
TOTAL DEPTH 

( D- 5-nl)caa 
Topsoil - - - - - - -
Caliche - - - - - - -
Sand, gravel, boulders 

to 8 11 
- - - - - - -

Clay- - - - - - - - -
Gravel to 2 11- _ - __ 

Clay- - - - - - - - -
Gravel to 211 ____ _ 

Sand and gravel,tight 
Clay- - - - - - - - -
Tight sand and gravel 
Shale - - - - - - - -

Thickness 
(feet) 

34 
6 

24 
6 

18 
5 

23 
4 

13 
5" 

18 
36 
6 

10 
38 
12 
30 
10 
18 
6 
* 

185 
30 
10 
70 
5 

55 
10 
50 
20 

g 
22 

5 
27 

2 

3 

65 
3 

13 
28 

6 
22 

123 
9 
6 

Depth 
(feet) 

246 
252 
276 
282 
300 
305 
328 
332 
345 
350 
368 
404 
410 
420 
458 
470 
500 
510 
528 
534 
* 

BOO 
830 
840 
910 
915 
970 
980 

1030 
1050 
1058 
1180 
1185 
1212 
1212 

2 

5 

70 
73 
86 

114 
120 
142 
265 
274 
2go 



Table 23.--Logs of r epr esent a tive ,,,,e lls in Lower Santa Cruz area --Continued. 

Blue clay - - - - - -
She l e - - - - - - - -
Cl 8y- - - - - - - - -
Cl ay a nd sha le s treAks 
TOT AL DIPTH 

-'•· (D-f--5)12cc a 
Top so il - r- - - - - -
Caliche - - - - - - -
Se nd - - - - - - - -
S, ncJ And gr ave l - - -
·r::,uick se nd- - - - - -
Red rock- - - - - - -
Bro1·m rock- - - - - -
SA nds tone - - - - - -
Gr anite - - - - - - -
TOTAL T)EPTH 

Thickness 
(feet) 

20 
10 
10 
30 
12 
53 
7 
5 
3 

Dep th 
({eet) 

284 
302 
305 
670 
670 

20 
30 
4o 
70 
82 

135 
142 
147 
150 
150 

----------~~~------4---------+-----~ ( D- 6-8) 2dad 
Sandy lo a~- - - - - -
Sa nd- - - - - - - - -
Soft sandy clay - - -
Har d ca liche- - - - -
Ca liche a nd cla y- - -
Sa nd s nd gr avel - - -
Hard a nd sof t c l ay- -
Blue clay ver y hard -
Ear d and soft clay- -
Hard clay - - - - - -
TOTAL DEPTH 

( D-7- 5)19cdd 
Surface soil- - - - -
SEindy cla y- - - - - -
S§.nd. and boulo_ers - -
Bar d ca liche- - - - -
Clay- - - - - - - - -
Sand so ~e 1trat er - - -
Clay- - - - - - - - -
Sand a nd gr avel, good 
Clay- - - - - - - - -
SE nd ~ nd gr Ave l, good 
Cl ay- - - - - - - - -
Gr avel- - - - - - - -
Cle y a nd_ gr pve 1 - - -
SBnd and gr Avel - - -
Ce ~ent ed sand - - - -
Sp nn a nd gr ave l - - -

12 
18 

140 
4o 

134 
6 

6o 
15 

135 
140 

8 
47 
30 
5 

6o 
2 

20 
16 
17 
15 
36 
3 

27 
7 

10 
9 

12 
30 

170 
210 
344 
350 
410 
425 
560 
700 
700 

8 
55 
85 
90 

150 
152 
172 
188 
205 
220 
256 
259 
286 
293 
303 
j l2 

Thicknes s 
(fee t) 

Depth 
(feet ) 

Cemented sand- - - -
Sand a nd gr qvel,good 
Cemented sand- - - -
Sa nd and gr avel- - -
Ce~ent ed sand- - _ _ 1 

Cl ay and gr avel- - -
Sa nd a nd gr Pvel- - -
Cement ed send- - - -
sa nd a nd gr ?ve 1- - -
Cl ay - - - - - - - -
Cemented sand- - - -
Co nglo~er at e - - - -
Gr ave l - - - - - - -
Har d clay - - - - -
Conglorrerated rock -
TOTAL 1J:EPTH 

( r- 6-7) 25ddd 
Co ar se sand, s treaks 
hard sand- - - - -

Sa nd and g r avel,streaks 
of clay - - - - - - I 

Sand , clay, s treaks of 
gr avel --- - - - - -1 

Hard co arse water sand 
and gr avel - - - - _ 

Sand end clay-------­
Blue clay- - - - - -
Tough bro,,rn sh2 le----
Clay - - - - - - - - - -
Tough bro1·•n shal e- - -
Har d bro wn shale - -
Soft brown shele - -
Har d bro1·•n she1e - - -

I 

Hard shale, s treaks of 
sa ndy shale -- - -0 1~ 

Hard shal e , s treaks f 
lime s t one she ll - -~ 

Hard sh Pl e , st reaks of 
conglo rr.e r a t e and lime 

Hard bro,•n sha le - -
Sha l e end lime s t one -
Sa niy shale - - - - -
Re rd bro ,,rn shale, 

s treaks of lime - -
Tough r eddish br o1m 

shPle - - - - - - -
SPnd - - - - - - - -

7 
13 
8 
8 
8 
8 
7 
9 
9 

33 
6 

128 
9 

51 
16 

319 
332 
340 
348 
356 
164 
371 
380 
389 
422 
428 
556 
565 
616 
632 
632 

6o 6o 

163 223 

168 391 

7 398 
47 445 
46 491 

7 498 
92 590 
32 622 
31 653 
52 705 
11 71 6 

20 736 

25 761 

93 854 
86 940 

5 945 
24 969 

32 1001 

21 1022 
1 1023 
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Thickness 
(feet) 

Eard brown shale- - - -
Tough reddish brown 

shale- - - - - - - - -
Sandy shale - - - - - -
Reddi sh bro1.-m shale - -
Sandy shale - - - - - -
Tough bro~tm shale - - -
Sandy shale - - - - - -
Reddi sh bro wn shale , 

s treaks of lime- - - -
Reddi sh brown shale - -
Sandy brown shale -
Sandy shale, ,_.,i th 
sticky streaks - -

Hard shale- - - - -
Sandy shale, streaks of 
hard shale - - - - - -

Shale - - - - - - - - -
Har d sandy lime - - - -
Shale - - - - - - - - -
Sh8 l e with hard shells­
Shale 1,ri th hard shells, 

lime s treaks - - - - -
Har d lime sha le- - - -
Shale - conglomerate- -
Shale - - - - - - - - -
Hard shell shale- - - -
Shale - - - - - - - - -
Sha le and conglomera te­
Shale and gypsum- lime 

s ilt - - - - - - - - -
Shale with streaks of 

gr avel - - - - - - - -
Shale 1·ri th fi ne sand- -
So ft shale and lime - -
Shale 1.v ith sand and 

gr ave l streaks - - - -
Hard grey and bro\·m sand-

stone, lime streaks- -
Hard sandstone- - - - -
Sandstone and shale - -
Hard, grey and bro1,m 

sandstone- - - - - - -
Hard she 1 e a nd. sand­

s t one- - - - - - - - -
Shale and hard shells -
Hard grey sand, streaks 
of lime and shale- - -

Hard grey sand., wash 
gravel,streaks of lime 

10 

59 
10 
16 
7 

12 
30 

31 
32 
37 

38 
30 

115 
80 
3 

169 
187 

33 
142 

16 
38 
38 

127 
38 

36 

35 
33 
4 

33 

31 
7 
4 

44 

49 
22 

71 

17 

Depth 
(feet) 

1033 

1092 
1102 
1118 
1125 
1137 
1167 

1198 
1230 
1267 

1305 
1335 

1450 
1530 
1533 
1702 
1889 

1922 
2064 
2080 
2118 
2156 
2283 
2321 

2357 

2 )92 
2425 
2429 

2462 

2493 
2500 
2504 

2548 

2597 
2619 

2690 

2707 

Thickness 
(feet) 

Hard sand - - - - -
Co arse grey shale, 
streaks of sand and 

30 

gravel - - - - - - 33 
Sand- - - - - - - - - 9 
Sand and gr avel - - - 21 
Brol•Jll limey shale 1-Ti th 
streaks of sand- - - 8 

Shale - - - - - - - - 6 
Sand and gr eve l - - - 44 
Li mey shale - - - - - 8 
Sha le 1.rith gr avel 
streaKs- - - - - - - 47 

Sand 1rrith streaks of 
lime a nd gr avel- - - 20 

JITo record - - - - - - 244 
Shar p fine sand - - - 26 
Fine hard sand- - - - 25 
No record - - - - - - 19 
Conglomerate- - - - - 30 
Sandy clay, streak s of 
sand and gr avel- - - I 40 

Sandy clay , stre aks of 
rocks and mnglomerate 31 

Shale - - - - - - - - 2 
No record - - - - - - 23 
Rocks - - - - - - - - 2 
Soft sandy clay - - - 54 
Sand e nd shale- - - - 31 
Hard sandy clay - - - 29 
Hard sa nd - - - - - - 6 
Hard lime a nd sea 

she 11 s - - - - - - - 12 
Hard sandy lime - - - 17 
Hard shale and lime - 43 
Hard shale \•ri th streaks 
of lime and sand - -

Hard sandy lime - - -
Quartzite - - - -- -
Quartzite ,_.Ji th s treaks 
of bentonite - - - -~ 

Lime and sand - - - -
Quartzite ,_.ri th s treaks 
of tuf&- - - - - - -

Andes ite- - - - - -­
Andesite ll'f i th streaks 
hard sa ndy lime- - -

Andesite with s treaks 
of bentonite and 
tufa - - - - -- - -

121 
17 
22 

15 
9 

23 
3 

6 

15 

Depth 
(fee t) 
2737 

2770 
2779 
2300 

2808 
2314 
2358 
2866 

2913 

2933 
3177 
3203 
3228 
3247 
3277 

3317 

3'~43 
3350 
3373 
YH5 
3U29 
346o 
3489 
3495 

3507 
3524 
3567 

3688 
3705 
3727 

3742 
3751 

3774 
3777 

3733 

3798 



Tabl e 23.--Logs of re pr esentative wells in Lower Santa Cruz area--- Continued. 

Thickness Depth 
(feet) (feet) 

--~~----~------~--~~--~-+-~ Andesite 1.o.rith streaks 
lime and sand- - - - 9 

Hard lime with st r eaks 
sand - - - - - - - - - 92 

Hard lime wi th streaks 
andesite------- 9 

Hard lime wi th streaks 
sand - - - - - - - - - 38 

Hard lime with streaks 
dolomite------- 5 

Hard lime wi th streaks 
sand - - - - - - - - - 31 

Hard lime with s treaks 
quartz ite and sand - -

Hard lime with streaks 
of andesite- - - - - -

Har d sand lime- - - - -
Hard sand - - - - - -
No r ecord - -
Andes ite- ­
Hard shells 

- -

Shell s of lime and shal e 
Li me and ha rd shell s, 

st r eaks of andesite- ­
Andesite with streaks 

of lime- - - -
Andes it e---- -- ­
Sandy lime- - - - - -
Hard sand - - - - - - -
Hard sandy lime - - - -
Quartz i te- ----­
Sandy lime , streaks of 
andesite --- -- -­

Har d sand and lime- - -
Hard fine g r a in 

sandstone- - - - - - -
Har d sand - - - - - - -
Sandstone with streaks 
of lime- -·- - - - - -

Quartz i te and sandstone 
Sandy 1 ime- - - - - - - . . 
Sand with streaks of 
lime and sandstone - -

Hard sand - - - - - - -
Sandstone - - - - - - -
Sandy lime- - - - - - -
TOTAL D.l!JPTH 

19 

ll 
34 
31 
38 
9 

23 
14 

14 

74 
22 

206 
48 
ll 

3 

53 
26 

5 
14 

51 
3 
5 

18 
15 

2 
11 

3807 

3899 

3908 

3946 

3951 

3982 

4001 

4012 
4046 
4077 
4115 
4124 
4147 
4161 

4175 

4249 
4271 
4477 
4525 
4536 
4539 

4592 
4618 

4623 
4637 

4688 
4691 
4696 

4714 
4729 
4731 
4742 
4742 

( I;- S- 6) )Oddd 
Si l t - · - - - - - . . -
Cl ay a nd g r avel - -
Ceme n t ed cali che- -
Clay- - - - - - - ~ 
Broken bla ck rock . . 
Red rock- - - - ~ r• 

Gray shal e- - -· 
Bro wn rock~ - -
P-ray shale- - -
Red rock- - - -
Bl a ck rock­
TOTAL DEP TH 

( D-8-7) 12bdd 
Sand- - - - - - - -
Fine sand - - -
Sand and clay -
Sand , streaks of clay 
Sand and clay - - -
Sand and heavy clay 
Clay and g ravel - -
Sand and streaks of 
clay - - - - - - -

Sand and clay - - -
Fine sand and cl ay 
Sand,stre aks of clay 
Sand and clay - - -
Sand , clay and g r avel 
Brown shale - - - -
Sand and cl ay - - -
Brown shale - - - -
Brown shal e and clay 
Sand and clay - - -
Brown shale - - - -
Clay,sand and g r avel 
Brown shale - - - -
Brown shale and clay 
SvBle ,clay and sand 
Brown shale - - - -
Brown sha l e and clay 
Shale and clay- - -
Sand and clay - - -
Shale and clay- - -
Clay and shal e- - -
Clay,shale and gr avel 
Sand and gr avel - - I 

-----------------------~--------'--------~ shal e and gr ave l- -

Thickness 
(__;fAP t .) 

24 
23 
23 

159 
56 
60 
1 5 
ll 
12 
42 
15 

50 
84 
58 

148 
150 

60 
20 

155 
35 

163 
357 

20 
116 

4 
20 
37 
23 
32 
28 
14 

105 
ll 
20 
33 
42 

125 
52 
15 
23 
17 

8 
55 

Dep th 
C.f.e.e..t.)-

24 
47 
70 

229 
285 
345 
360 
371 
383 
425 
440 
44o 

50 
134 
192 
340 
490 
550 
570 

725 
760 
923 

1280 
1300 
1416 
1420 
1440 
1477 
1500 
1532 
1560 
1574 
1679 
1690 
1710 
1743 
1785 
1910 
1962 
1977 
2000 
2017 
2025 
2080 



• 
• 
e Tabl e 23 .--Logs of repr esentative wells in Lower Santa Cruz ar ea--continued . 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Cl ay - - - - - - - - -
Clay and shal e - - - -
Clay, shale and sand -
Shal e and gravel - - -
Gr avel and sand - - -
Gr avel and clay - - -
Cl ay and sand - - - -
Black shal e - - - - -
Clay - - - - - - - - -
Clay and sand - - - -
Sand, cl ay and gravel 
Sand and cl ay - - - -
Heavy clay, sand - - -
Cl ay - - - - - - - - -
Cl ay and s and - - - -
Sand - - - - - - - - -
Clay - - - - - - - - -
Sand and clay - - - -
Clay - - - - - - - - -
Sand, clay - - - - - -
TOTAL DEPTH 

(D- 9- 7)13cad 
Tops oil - - - - - - -
Sandy cl ay - - - - - -
Cemented sand - - - -
Caliche - - - - - - -
Clay - - - - - - - - -
Sand and gr avel - - -
Cement ed sand - - - -
Clay - - - - - - - - -
Cement ed sand - - - -
Clay and gr avel - - -
Cement ed sand - - - -
Clay and gravel - - -
Sand and gravel - - -
Clay and gravel - - -
Cemented sand - - - -
Clay - - - - - - - - -
Cemented sand, clay 
streak - - - - - - -

Sticky clay - - - - -
Sandstone - - - - - -
Br own clay - - - - - -
Sands t one - - - - - -
Brown clay - - - - - -
Cemented gravel - - -
Clay and gravel - - -
Sticky clay - - - - -
TOTAL I:EPTH 

Thi ckness 
(fee t ) 

2~ 
7 

19 
73 
39 
13 
13. 
10 
42 
42 
81 
13 
14 
93 
28 
20 
ll 
12 
61 

12 
16 
13 
55 
72 
69 
27 
29 
31 
18 

149 
9 
8 

29 
ll 

124 

36 
60 
16 
16 
6 

98 
12 
26 
99 

Depth 
(feet) 
2085 
2109 
2116 
2135 
2208 
2247 
2260 
2273 
2283 
2325 
2367 
2448 
2461 
2475 
2568 
2596 
2616 
2627 
2639 
2700 
2700 

12 
28 
41 
96 

168 
237 
264 
293 
324 
342 
491 
500 
508 
537 
548 
672 

708 
768 
784 
800 
806 
904 
916 
942 

1041 
lOl.d 

--- (D- 9-l0)20aaa 
No log - - - - - - - - -
Clayey gr avel - - - - -
Clayey gr avel and 

cal iche - - - - - - - -
Clayey sand - - - - - -
Gravel , some clay - - -
Silt sand, some gran-

ules and pebbles - - -
Sand - - - - - - - - - -
Pebbley clay - - - - - -
Clayey gravel - - - - -
Clay - - - - - - - - - -
Clay, sandy - - - - - -

,Clay ----------
Clayey silt - - - - - -
TOTAL DEFTH 

Thickness Depth 
(feet) (feet) 

350 
5o 

70 
10 
30 

60 
40 
15 
15 
6o 
5o 

295 
45 

350 
4oo 

470 
480 
510 

570 
610 
625 
640 
700 
750 

1045 
1090 
1090 

------~(D~-~10~--~b~)l~l~d~dd~---~-------~------­

Fine sand _-:-:-: -
Gravel - - - - - - - - -
Coar se gr avel - - - - -
Cemented sand and 
boulders 

Cemented sand and red 
r ock - - - - - -

TOTAL DEPTH 

160 
157 
119 

94 

115 

160 
317 
436 

530 

645 
645 

--W-10- 9 )5bda --·------t--·-­
Sandy soil-:-:-:-_ - - -
Cal i che - - - - - - - -
Gr avel - - - - - - - - -
Si lt and clay - - - - -
Sand and gr avel - - - -
Sand and gr avel - - - -
Boul ders and gravel 811 

-

Cl ay and gr avel 2" - - -
Coar se gr avel 4" - - - -
Clay - - - - - - - - - -
Cement ed sand - - - - -
Coar se gr avel 4 11 

- - - -

Cl ay and caliche - - - -
Tight gr avel l!" - - - -
Hard cl ay - - - - - - -
Cl ay and gr avel l!" - -
Clay and cali che - - - -
Clay and gr avel 1 11 

.. - - ~ 
,Clay ----------
!Clay and gravel 2" - - - ~ 
Hard clay - - - - - - -

1 

6 
4 
7 

13 
5 

30 
57 
23 
13 
17 
10 
41 
44 
16 
18 
10 
30 

6 
25 
12 
21 

6 
10 
17 
30 
35 

·65 
122 
145 
158 
175 
185 
226 
270 
286 
304 
314 
344 
350 
375 
387 
4o8 



Table 23.--Logs of representative wells in Lo1.1rer Santa Cruz area-- continued. 

Tight clay and gravel 2 11 

Hard clay - - - - - - -
Clay and little gravel 1 11 

Hill top decomposed 
granite- - - - - - - -

TOTAL DJPTH 

(D-ll-11)20ddd 
Soil-
Sandy cla y- - ~ - - .- -
Boulders- - - - - - - -
Clay- - - - - - - - - -
Sand and gravel ~ 11- - -

Clay- - - - - - - - - -
Gravel 3" - - - - - - -
Clay a nd gravel - - - -
Gravel 411 

- - - - - - -

Clay- - - - - - - - - -
Gravel 3'1 - - - - - - -

Clay- - - - - - - - - -
Gravel 8 11 - - - - - - -

Clay and gravel - - - -
Clay- - - - - - - - - -
Clay an1 gravel - - - -
Gravel 2 11 - - - - - - -

Clay- - - - - - - - - -
Gravel- - - - - - - - -
]ouldere- - - - - - - -
Gravel 3" - - - - - - -
Boulder e- - - - - - - -
Sandstone - - - - - - -
Clay and gravel - - - -
Sandstone---- ·--­
Clay and gravel - - - -
Sandstone - - - - - - -
Clay and gravel - - - -
Clay- - - - - - - - - -
Clay and gravel - - - -
Gravel 1 11 - - - - - - -

Sands tone, so me gravel­
Hard sandstone- - - - -
TOT AL DEPTH 

Thickness 
(feet) 

50 
22 
50 

32 

6 
7 

127 
10 
10 
30 
37 
13 
40 
9 

35 
10 
13 
11 

2 
10 
13 
4 

43 
20 
30 
20 
6 

16 
6 
g 

3 
28 
73 
32 
11 

144 
13 

Depth 
(feet' 

6 
13 

140 
150 
160 
190 
227 
240 
280 
289 
324 
334 
347 
358 
360 
370 
383 
387 
430 
450 
480 
500 
506 
522 
528 
536 
539 
567 
640 
672 
683 
827 
840 
840 

(D-12-10)2lddc 
Soil - - - - - - - - -
Clay - - - - - - - - -
Loose sand- - - - - -
Clay and gravel- - - -
Packed sand- - - - - -
Clay and gravel- - - -
Clay - - - - _ _ _ _ _ 
Clay and gravel- - - -
Packed sand- - - - - -
Loose gra.vel - - - - -
Clay and gravel- - - -
Clay - - - - - - - - -
Packed sand- - - - - -
Clay and gravel- - - -
Packed sand and gravel 
Clay - - - - - - - - _ 
Packed sand- - - - - -
Clay and gravel- - - -
Clay - - - - - - - - -
Clay and gravel- - - -
Sandy clay - - - - - -
Clay - - - - - - - - -
TOTAL DEPTH 

(D-12-lll29add 
Topsoil- - - - - - - -
Clay and gravel- - - -
Caliche, clay- - - - -
Clay and gravel- - - -
Sandy clay- - - - - -
Clay - - - - - - - - -
Gravel,sand, and clay­
Gravel and sand~ - - -
Sandy clay - - - - - -
Clay and gravel- - - -
Clay - - - - - - - - -
Hard -packed sand - - -
~ountain gravel and 
hard rock - - - - - -

TOTAL DEPTH 

Thickness 
(feet) 

7 
23 
12 
48 
17 

101 
34 
48 
42 
12 
16 
36 
12 
28 
38 
32 
12 

g 

58 
g 

48 
30 

7 
43 
28 
82 
55 
20 
21 
4 

30 
30 

190 
12 

28 

Depth 
(feet) 

7 
30 
42 
50 

107 
208 
242 
290 
332 
344 
360 
396 
408 
436 
474 
506 
518 
526 
584 
592 
640 
670 
670 

7 
50 
78 

160 
215 
235 
256 
260 
290 
320 
510 
522 

550 
550 



• 
• 
e Table 2 3.--Logs of rep re s entative vrells : n Lo vrer Santa Cruz a r oa ..... - ontinued • 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• ., 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

(D-l2-l2)6bad 
Sandy soil - - - - - -
Loose dry gravel- - - -
Coarse gravel and little 
clay- - - - - - - - - -

Boulder s a nd clay- - - -
Sandy a nd little clay- -
Co arse gravel a nd clay -
Dark clay and gravel - -
Yellow clay- - - - - - -
Fine vrhite san~ - - - -
Clay and gravel- - - - -
Yello\.r clay and gravel -
Gravel and little clay -
Yello vr clay-gr avel, 
little sand- - - -- -

Cen:ent sand-gr avel - - -
Yello vr clay-gravel - - -
Yello\.r sticky clay - - -
Cement sand- - - - - - -
Yello vr sticky clay - - -
Cement san~gravel - - -
Yello'\lr sticky clay - - -
Yellow sandy clay- - - -
Yello"Yr sticky clay - - -
Cement gravel- - - - - -
Yellovr sticky clay, 
little gravel - - - - -

Cemented sand- - - - - -
Yello 11r sticky clay - - -
Yellow clay - gravel - -
Yellow sticky clay - - -
Yellow clay with gravel­
Yellow sticky clay - - -
Cemented san~ - - - - -
Yellovr sticky clay - - -
Red sticky clay- - - - -
TOTAL DEPTH 

Thickness 
(feet) 

8 
14 

8 
65 
30 
9 

16 
7 
l 
5 
7 

10 

38 
18 
63 
65 
1 
2 
2 

5 
1 
2 
2 

21 
2 

54 
3 
6 
8 

16 
2 

119 
13 

Depth 
(feet) 

(D-l3-l0)26ccd 
8 Top so il- - - - - - - -

22 Clay and gravel- - - -
Packed sand- - - - - -

30 Clay - - - - - - - - -
95 Packed san~ - - - - -

125 Clay and gravel- - - -
134 Packed sand- - - - - -
150 Loose gravel and sand-
157 Gravel and clay- - - -
158 Loose gravel and sand-
163 Packed sand- - - - - -
170 Loose gravel and sand-
180 Clay - - - - - - - - -

Packed sand- - - - - -
218 Clay - - - - - - - - -
236 Packed sand- - - - - -
299 Sandy clay - - - - - -
364 Packed sand- - - - - -
365 Loose gravel and sand-
367 Cement gravel and sane 
369 Tough clay - - - - - -
374 TOTAL DEPTH 
375 
377 
379 

4oo 
402 
456 
459 
465 
473 
489 
491 
610 
623 
623 

Thickness 
(feet) 

10 
4o 
18 
36 
54 

136 
20 
18 
32 

8 
24 

8 
6o 
26 
95 
19 
36 

8 
20 
29 

3 

Depth 
(feet) 

10 
50 
68 

104 
158 
294 
314 
332 
364 
372 
396 
4o4 
464 
490 
585 
6o4 
640 
648 
668 
697 
700 
700 



Well 
no. 

(J::-4- 3) 
36bcd 
Do. 

( r:-l+-4) 
1oddd 
Do. 
Do. 

( D-4-10~ 
32bad 
Do. 

( 1:- 5-8 ) 
31bdd 
Do. 
Do . 

(D- 5- 9) 
6caa 

(1:- b-3 ) 
23dcc 
Do. 
Do. 

(D -- 6- 4 ) 
13ad.d 
Do. 
Do . 

( D-b-5} 
25bbb 
Do. 
Do. 
Do. 

Table 24.--Anal yses of water from repr esent a tive well s in Lowe r Santa Cruz a r ea , Pi ma and 
Pina l Counties , Ari z . 

(Par ts pe r mi llion except specific conductance and pe rcent sodium) 

Spe cific 
Date of Dep t h Tern- ccnduct- Mag- Sodium 
collection of pe ra- an ce ( micr o- Cal- ne- and Bica r- Sul- Chlo- Fluo- Ni- Die-

well ture mhos at cium sium potas s ium bonate f a te ride ride tra te solved 
(feet) (OF .) 250 c .) ( Ca) ( Mg ) (Na/-K) ( HC0 3) ( S0 4) ( Cl) ( F) (NO 3) solid s 

9-17-41 ~ 280 78 837 56 16 103 154 146 96 0 .8 16 510 
9-13-49 280 _]Jl_ 1 rn n _:[_b_ _1] _ __ l_l] 221 193 0.1 _l8 _ _6.i; ;:> 

9----17-41 576 84 704 :% 9 . 2 104 164 106 72 2. 9 5- 5 418 
9-13-49 6oo 844:- 807 35 6. 0 134 151 144 84 3.1 3- 5 514 ? 
8- 23-50 6oo 85__. - - 11)0 - 81 - - -___:f:{. ~ 

9-24-41 212 70 1350 92 23 160 236 136 228 l. O 17 773 
8-1 6- 50 39..2-- 11 1780 - - - 231 290 - - -

9-3-4-1 207 79 98 7 70 13 119 173 116 150 3. 0 6 .1 562 
E- 21-49 207 78 20,~0 196 32 190 216 279 384 1. 5 24 1 , 260 
8-17-50 ?n+ 78~ 2:3-: 0 . - 218 448 - - --

9-17-41 320 ]_()__ _11U_O l-3-6-- _}1 205.__ 297 l SG- _3_42 - - 1 , 040 

9-16-41 501 78 507 22 10 83 146 60 30 1.6 8 .1 311 
9-14-49 501 79i

1 
555 - - 186 - 35 - - --

8- 2)- 50 _501 7~ 5~5 - - ] 5'(7 - _3J - - -

9-15-41 356 77 868 64 1 3 99 139 129 1 23 0.7 6 . 3 504 
9-14-49 356 77 1610 156 28 1 32 164 226 278 0 . 9 34 980 
8- 23- 50 356 77i 1550 - - - 163 - 264 - - -

E-19-41 100 74 4120 304 96 511 81 1,1 31 700 1. 3 23 2 , 810 
6-21-49 100 75 3990 263 61 587 363 970 6oo 1. 6 33 2, 760 
8-23-50 100 74 3400 - - - 411 - 485 - 30 -
3-20-51 100 74 3070 - - - 4o6 - 425 - - -

I 

\ Total 
ha rd- Per-
nes s cent 

as so-
CaCO ) dium 

206 52 
260 ~-

133 63 
112 72 - -

324 -
- -

228 53 
620 40 - -

\ 

.467 g.g_ 

g6 65 
- -
- -

213 50 
504 36 

- -

1,153 49 
907 58 

- -
I -, -



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 
Table 24.--Analyses of water from representative wells in LO\•re r Sant a Cruz area-continued. 

Specific Total 
Depth Tern- conduct- Mag- Sodium hard- Per-

Well nate of of per a- ance( micro- Cal- ne- and Bicar- Sul- Chlo- Flue- Ni- Dis- ness cent 
no. collection well ture mhos at cium sium !Potassium bona te fate ride ride trate solved as so-

(fee~ ) (OF) 21=i 0 __ c.) ( Ca) (Mg) (Na-/K) ( HC0 3) ( S_()4) ( Cl ) (F) (NO} so lin s CaC0-3 dium .. 

(D-6-5) 
4-9-51 100 74 3080 399 440 25bbb - - - - - ' - - - -

Ilo. 5-3-51 100 75 3160 - - - 390 - 455 - - - - -
Do. 6-8-51 100 74 3180 - - - 398 - 466 - - - - ~ 

Ilo. ~1 100 14 3230 - - - 3.9]_ - 476 - - - - -
(D-6-7) 

l9bdd 8-25-41 220 78 1770 2CO 43 105 143 292 330 0.9 23 1,064 676 25 
Do. 6-21-49 378 77 2060 240 48 127 146 396 365 0.5 32 1,350 796 26 
Do. 8-17-'lO )78 __]£_ 139 62 1) 70 128 105 91 0.4 g.o 4'16 208 42 

(D-7-7) 
12ccd 9-9-41 450 78 436 45 9.8 39 184 53 19 0.8 2.0 259 153 35 
Do. 8-12-48 450 82 450 40 6.c 48 168 52 24 0.4 3-9 257 124 46 
Do. 8-18-50 46o 82 449 - - - 160 - ~ - - - - -

(D-7-8) 
33cdd 9-8~ 41 515 78 391 39 7- S 42 186 51 10 - 1. 9 243 130 41 
Do. 8-3-L~ 515 78 484 - - - 1~3 - 24 - - - - -
Do. 8-18-50 515 80 484 - - - 177 - 27 - - - - -

(D-8-5) 
l 11-6-41 228 80 501 26 9-~ 72 174 65 36 - - 294 105 6o 
Do. 9-15-48 228 80 546 33 7. !., 77 193 67 33 1.0 5-5 355 113 6o 

(D-8-6) 
32ccb 9-12-41 400 80 567 23 7.L 94 177 78 44 - 4.9 338 88 70 
Do. 7-28-48 400 80 625 23 6. ~ 105 181 31 50 1.6 4.2 399 83 73 

( D-3-8) 
29bccl 9-15-41' 350 77 493 - - - 197 - 17 - - - - -
Do. 9-10-48 350 79 541 54 10 47 198 67 26 0 .8 8 . 8 311 176 37 
29bcc2 9-1CL48 1386 90 342 8 . 5 2.6 64 104 35 19 2.0 2.7 l g4 26 82 

---- --



Table 24.--Analyses of water from representative wells in Lower Santa Cruz area-continued. 

Specific Total 
Depth Tern- conduct- Mag- Sodium hard- Per 

Well Da te of of per a- ance( micro- Cal- ne- and Bicar- Sul- Ch1o- Flue- Ni- Dis- ness cent 
no. collection well ture mhos at cium sium Potassium bonat e f a te ride ride tra te solved as so-

(feet ) (OF.) 250 c.) ( Ca) (Mg ) - (Na/ K) ( HC03 _( S04) ( Cl ) (F) ( NO~) so lids CaC03 dium 
(D-9-8) 

20add 7-29-41 500 77 498 56 10 61 220 90 24 0.9 3-5 354 181 42 
Do. 7-21-48 730 81 522 - - - 201 - 23 - - - - -
Do. 8-21-50 730 80 550 - - - 195 - 27 - - - - -

(D-10-9) 
8dd 7-3-41 404 78 446 46 8.3 57 208 63 22 0.3 5.0 304 149 45 

(D-ll-10) 
9ddd 9-1-48 6oo 78 539 43 6.6 62 198 76 19 0.2 2. 0 337 134 50 

(D-12-11) 
18ccc 3-27-40 218 - 430 30 10 53 167 31 22 - - 247 n6 50 

(D-14-10) 
24cdd 4-16-40 382 go 1080 118 8.3 113 1 39 317 90 0.9 - 715 329 43 

(D-15-10) 
I - 33<!_~b. j--4-40 186 - 330 1 26 5-7 36 124 16 19 0.2 - 177 88 47 
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SALT RIVER VALLEY AREA, MARICOPA AND PINAL COUNTIES 

By H. N. Wolcott 

Introduction 

A general geologic and hydrologic study of the Salt River Valley area 
was made in 1946 by the U. S. Geological Survey in cooperation with the 
Arizona State Land Department (McDonald, Wolcott, and Hem, 1947). Since 
1946, other studies have been made and reports have been compiled on 
Paradise Valley (McDonald, Wolcott, and Bluhm, 1947) and Deer Valley 
(Bluhm and Wolcott, 1949), subdivisions of the Salt River Valley area. The 
present report is intended to bring up to date the information contained in 
the earlier report, and to include revisions and modifications that have been 
made possible by collection of additional data during the past 5 years • 

Location and boundaries of area 

The area included in this report is known as the Salt River Valley 
although some land is included that drains into the Gila River by way of 
other tributaries (pl. 18). The boundaries, though arbitrary, include all 
the area that is of substantial hydrologic significance to the main part of 
the area. In general, the boundaries include the bordering portions of the 
mountains that form the edges of the Salt River Valley. In one loc;ality the 
limit of the area was arbitrarily established as along the course of the Gila 
River, and in other places the boundary has been selected arbitrarily along 
township and range lines . 

The boundaries chosen conform with local usage that has considered the 
Salt River Valley as an entity distinct from other parts of Maricopa and 
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Pinal Counties. In th,ose localities where arbitrary boundaries were of 
necessity selected, the body of ground water is common to both sides of the 
boundaries. It is impossible, for example, to differentiate between ground 
water in the southeast part of the Queen Creek area and ground water across 
the Gila River in the vicinity of Florence. Likewise, no distinction can be 
made betwee11 ground water north of the Gila River and south of the river 
southwest of Chandler. Ground water underlying the valley of the Hassayampa 
River, downstream from Morristown to the Gila River, cannot be separated 
from ground water in the main Salt River Valley on the basis of present 
evidence . 

. Geology 

The ground-water reservoir that lies beneath the Salt River Valley area 
occupies structural troughs of the Basin and Range type described in Par:t I 
of this report, Deep holes drilled at various places in the area have 
encountered the rock floors of the troughs at depths ranging from 3,000 to 
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almost 5,000 feet below the surface of the alluvial plains. The probable 
character of the valley-fill deposits and the configuration of the bedrock 
floors of the structural troughs are shown in a hypothetical section (fig. 17). 

Clay layers 

A massive and relatively extensive deposit of clay has been penetrated 
by numerous wells between Phoenix and Litchfield Park, Within recent 
years several wells in this part of the valley have been drilled sufficiently 
deep to pass through the clay into underlying sand and gravel. Other wells 
have been drilled into the clay, but have been stopped short of complete 
penetration. The continuity of the body of clay over the distance of almost 
20 miles between Phoenix and Litchfield Park has not yet been definitely 
established. The proved thickness of the deposit - more than 700 feet -
suggests a relatively large areal extent. 

A few conclusions can be drawn from the logs of wells in the area, most 
of which are of shallow to medium depth. The top of the clay deposit lies 
at depths between 300 and 700 feet below the valley surface. Irregularities 
in the upper surface of the clay suggest that it was eroded prior to the 
deposition of the overlying alluvium. Meager data from the deeper wells 
suggest similar irregularities on the lower surface of the deposit, and it 
is probable that the clay accumulated upon an eroded surface of older alluvium 
or possibly, in some places, upon bedrock. Apparently the clay layer inter­
fingers with more permeable materials northward and westward from 
Litchfield Park. Wells in those vicinities have encountered clay layers 
of considerable thickness at various depths, although there is no direct 
evidence that these layers are extensions of the large deposit. From data 
thus far available, it is believed that the thick clay was deposited in a lake 
impounded when the valley drainage was blocked by lava flows. Remnants 
of these flows are visible · in many places between Buckeye and Gillespie 
Dam. · 

Deep aquifers 

It is possible to advance certain tentative conclusions regarding the 
water- bearing character of the deeper sediments in the Salt River Valley. 
In general, the aquifers below depths of 700 to 1, 000 feet are less per ­
meable and, therefore, less productive than those at shallowe:r levels. 
Drill cuttings from some of the deeper holes include well-rounded cobbles, 
gravel, and coarse sand particles with little or no evidence of cementation. 
Materials of this character penetrated at shallower depths generally are 
highly permeable. In most of t he deep wells drilled thus far the per­
meability of the coarse materials is impaired to such an extent by cement, 
clay, and compaction that they do not yie ld water to wells at the r ate 
that might be anticipated. It is not intended to imply that deep drilling in 
the Salt River Valley area will not result in wells with satisfactory yields. 
Although the deep aquifers are proportionately less productive than those 
at shallower depths, deep wells provide a means of withdrawing additional 
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water from a common storage reservoir. In areas where the shallower, 
more permeable aquifers have been partially unwatered, deep wells may 
constitute the most feasible method of temporarily increasing withdrawals of 
ground water. Production from deep wells eventually will decrease by a 
proportionate amount the yields from the shallower aquifers because all the 
aquifers, deep and shallow, are interconnected. Deep wells in which the 
shallow aquifers are completely cased off show a static water level that 
corresponds to the general water-table level in the immediately surrounding 
area. In some wells water in the deep aquifers has been under an initial 
artesian head that temporarily forced the water considerably higher than the 
prevailing water level in the vicinity. This condition, however, generally 
has been of short duration and the water levels in the deep wells have declined 
to conform to the general water-table elevation. 

The log of one of three deep wells in sec. 9, T. 1 N., R . 2 E., is shown in 
table 27 . The well was drilled to obtain water of better quality than was 
available in the shallower aquifers in the locality. The shallow aquifers were 
cased off. All three wells went through the massive clay deposit and 
penetrated several hundred feet of coarser alluvium. It was reported that, 
when first encountered, the water from the deep aquifers rose to within 3 feet 
of the land surface. Within a few days, however, the water subpided to a 
static level that corresponded to levels in shallow wells in the same area. 
The deep wells were drilled to obtain water for industrial use, therefore the 
quality of the water was of more vital importance than the yield. In that 
respect the wells were successful. It is apparent, therefore, that for industrial 
purposes, and possibly for municipal use if future development should demand, 
the deep aquifers hold considerable promise. It should be emphasized, 
however, that mere depth does not necessarily assure desirable quality . 
Highly saline aquifers have been encountered in places at depths below 1,000 
feet and this condition constitutes one of the inescapable hazards of deep-
well drilling in the area . 

With measured discharges of 1,500 gallons per minute, the drawdowns in 
the three deep wells ranged from 273 feet to 350 feet, a specific capacity of 
from 4.3 to 5.5 gallons per minute per foot of drawdown. Logs of the wells 
indicate that cementation is probably largely responsible for the relat ively 
low yields of the deeper aquifers in this locality. Present production (1952) 
from each of the three wells ranges from 1,460 to 1, 740 gallons per minute. 
Although these wells do not yield as much water as most irrigation wells in 
the Salt River Valley, their yield and the quality of the water produced 
indicates that these deep aquifers are not locally connected with shallower 
aquifers. Eventually, the effects of deep withdrawals will be reflected in 
depletion of the shallower aquifers, as all ground water in the valley, with the 
exception of local zones of perched water, belongs to a common reservoir . 

Relatively small quantities of warm water are obtained from wells in 
several localities in the Salt River Valley area . The temperature of the 
waters is considerably higher than average for the region, indicating a local 
source, possibly along a deep fa ult zone . 
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Subsurface constrictions of the valley 

There is no geologic or hydrologic evidence to suggest that the ground-
water reservoir in the Salt River Valley area is completely divided by sub­
surface barriers. There are places in the valley, notably in the vicinity of 
Tempe and near Buckeye, where the bedrock of the valley trough forms 
constricted passages that impede the movement of ground water sufficiently 
to force it to the land surface, There are no data available from which to 
determine the actual width or depth of these bedrock channels, It is certain, 
however, that in neither locality does the constriction constitute a complete 
barrier to the movement of ground water. 

Pediments 

It has been stated that there are certain localities along the borders of the 
Salt River Valley where bedrock is present at comparatively shallow depths 
beneath the alluvial surface, These pediment areas or areas of probable 
pediments (P.. 18) occur almost invariably at the base of hills or mounta ins 
of granite or granitic~type rocks. All the mountains in the area have been 
subjected to identical conditions of climate, weathering and erosion, and 
therefore, it seems logical to attribute the pediment-forming tendency to 
petrological and mineralogical characteristics of the granitic rocks. 

The relation of pediment areas to the occurrence of ground water has 
been discussed in Part I of this report. 

Ground -water hvdrologv 

Since the publication of the 1947 report on the Salt River Valley there has 
been a substantial expansion of cultivated lands, most of which has been 
irrigated with water pumped from wells. This has entailed the drilling of 
hundreds of new wells and has correspondingly increased the withdrawal of 
ground water from storage, Ground-water levels in most parts of the valley 
have declined, extensively affecting the rate and direction of ground-water 
movement. These changes are shown in various illustrations that acc.ompan,y 
this report (pls, 18, 19, 20, and 21). This section of the report describes the 
conditions now affecting the ground-water resources in the area. 

Occurrence and movement 

Ground water moves down the slope of the water table- in other words, 
at right angles to the contour lines (see pl. 19). The natural direction of 
ground-water movement conforms in general to the slope of the land surface , 
but the pattern has been disrupted in several areas by heavy pumping. In 
extreme cases the natural direction of movement has been reversed and 
ground water is now moving toward cones of depression that have resulted 
from heavy withdrawal. This condition is shown on plate 19, being particu­
larly noticeable in the Deer Valley area and the Queen Creek area. 
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Recharge 

Recharge to the ground-water reservoir in the Salt River Valley area is 
derived from the following four sources, listed in the order of their import­
ance : (1) Seepage from canals and from irrigated lands; (2) surface flow in 
streams and washes; (3) underflow along major streams in the area; and 
( 4) rainfall. 

Irrig-ation and canal seepag-e, --The Geological Survey has made no experi­
ments in the area to determine the amount of recharge that is derived from 
seepage from canals and irrigated fields. An estimate for recharge in the 
Deer Valley subarea was made by Bluhm and Wolcott (1 949, p. 7) on the 
basis of experimental work done in the Safford Valley (Turner and others , 
1941, p, 30). With allowance for differences in soil character and in 
climatological enviroment, it was estimated that 15 to 20 percent of the water 
applied to land for irrigation in Deer Valley is returned to the ground -water 
reservoir. This estimate was based o:r1ly upon analogy with factual data 
obtained in a distant area, and the figures given cannot be substantiated with­
out actual experimental work in the Salt River Valley. If the factors of 15 and 
20 percent are applied to the area as a whole, the estimated amount of re­
charge from water applied to land for irrigation in the Salt River Valley area 
during 1951 would range from 360,000 acre-feet to 480,000 acre-feet. The 
amount thus estimated includes recharge from canal seepage. These figures 
are based upon 1951 pumpage of 1,910,000 acre-feet plus surface-water 
diversions of 510,000 acre-feet during the same period . 

Stream flow. --Recharge from stream flow, once an important source in the 
area, is now of minor consequence except during brief periods of heavy rain­
fall. Because of the lar ge storage capacity of dams on the Salt, Verde, and 
Agua Fria Rivers, surface flow in the channels downstream from these dams 
is a rarity, and occurs only during or following heavy local rainfall. Stream 
flow is slightly more frequent in Centennial Wash, Hassayampa River, New 
River, Skunk Creek, Cave Creek, and Queen Creek, but even in these streams 
the flows are generally of short duration, and the aggregate recharge is not 
large. The same is true of other minor tributaries that enter the valley . 
Even during the wet winter of 1940-41, Queen Creek contributed only about 
32,000 acre-feet of recharge (Babcoc.i-k and Cushing, 1942, pp. 49-56), an · 
amount probably much higher than average. Without many more data, no 
reliable estimate can be m ade of the average annual recharge from stream 
flow in the Salt River Valley area . 

Underflow.--Recharge derived from underflow of streams entering the 
valley is impossible to evaluate because of lack of data. There has been no 
opportunity since the preparation of the 1947 report to do any experimental 
work that would supply the necessary data. No conditions have arisen 
that seem to require revision of the statement: "The underflow of other 
washes that enter the area is not known, but it is probable that the total under­
flow from all sources into the Salt R iver Valley is little more than 5,000 acre-
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feet per year" (McDonald, Wolcott, and Hem, 1947, p. 18). 

Rainfall.-- Precipitation, occurring as rainfall upon either the cultivated 
lands or upon desert areas within the valley, contributes little recharge to 
ground-water storage (Turner and others, 1943, pp. 53-61). The rise in 
water levels in wells sometimes observed following heavy local rainfall does 
not represent a regional increase in the amount of ground water in storage. 
The rise results from temporary cessation of pumping for irrigation, which 
allows partial filling of the cones of depression caused by previous pumping. 

Discharge 

Ground water is discharged from the Salt River Valley area both by 
pumping and by natural means. Natural discharge indludes surface flow and 
underflow leaving the valley, as well as water lost by evaporation and by 
transpiration from plants. 

Pumping.-- Mention has already been made of the substantial increase since 
1946 of cultivated acreage in the valley and the attendant necessity for drill­
ing new wells to supply the required water for irrigation. In the latter part 
of 1946, about 850 irrigation wells were in use in the area; by the fall of 1951 
there were approximately 1,500. Records of typical wells in the area are 
shown in table 26. During the same period, the total area of irrigated land 
increased from 436,000 acres to approximately 590,000 acres. From the 
foregoing it is apparent that the ratio of increase in number of wells, 76 
percent, is much greater than that of cultivated acreage, 35 percent. This 
disparity is explained by the diminishing yield of many of the older wells in 
the valley as the water table declined and the shallow, more productive 
aquifers were unwatered. As well yields diminished, it became necessary either 
to deepen existing wells or to drill new ones where deepening failed to attain 
the desired yield. Thus, many new wells were needed to maintain a water 
supply for land already in cultivation. Additonal acreage brought into culti­
vation each year since 1946 also has required the drilling of many new wells. 

The increased withdrawal of ground water from storage (table 25) as a 
result of irrigation of new lands has been aggravated by a dangerously low 
supply of stored surface water in the Salt and Verde River reservoirs, caused 
by successive years of subnormal precipitation. The measure of the increase 
in the use of ground water is shown by a comparison of pumpage figures for 
the Salt River Valley area for 1946 and for 1951. Total pumpage for 1946 
amounted to 1,360,000 acre-feet; for 1951, 1, 910,000 acre-feet, an increase 
of 40 percent. Annual pumpage for each year from 1933 through 1951 is 
shown graphically in figure 18. 

Natural discharge.--Natural discharge from the Salt River Valley area 
occurs by: (1) Evaporation from the land surface and transpiration by plants; 
(2) surface flow in the Gila River; and (3) underflow. 

Of the three means of natural discharge, evapotranspiration is by far the 
largest. Detailed work was done by the Geological Survey in 1950 in 
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Year 

1946 

1947 

1948 

1949 

1950 

1951 

Table 25.--~uantity of surface water diverted and ~uantity of water pumped from well s, 1946-51, Salt 
River Valley area, Maricopa and Pinal Counties, Ariz. 

(Acre-feet) 

Diverted at Diverted by Diverted at Total surface Total water Percentage ratio , 
Granite Reef Buckeye I rr. Carl Pl easant water pumped from water pumped to 

Dam Canal Dam diverted wells total surface water 
diverted 

875.500 65,473 10,388 9 51 ,361 1,360,000 142.9 

663,600 51,558 5, 580 720,738 l,4o6, ooo 195-l 

682,500 40,922 4,122 727 , 5~4 1,670,000 229 . 5 

732,200 38,676 29,425 800,301 l,64LI,OOO 205.4 

659.900 30,787 6,049 6g6, 736 l, 852,0CO 265.8 

476,000 35,058 453 511,511 l,glO,OOO 373.4 
-- -
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cooperation with the Corps of Engineers (Turner and Skibitzke, 1952, pp. 66-
72) in determining the use of water by phreatophytes along a 2,000-foot-wide 
channel on the Gila and Salt Rivers between Gillespie Dam and Granite Reef 
Dam. Observations made on the ground and from an airplane at low altitude 
were combined with data from large-scale aerial photo-mosaics to deter­
mine growth, frondage, _and areal densities. It was found that under conditions 
at the time of the survey, the annual use of water by phreatophytes within 
the limits of the channel amounted to about 29,000 acre-feet. For. the present 
report the data were extrapolated to include the entire flood plain between 
the two dams, and it is estimated that the total water use within that reach in 
1950 was approximately 70,000 acre-feet. The largest discharge of water 
from the Salt River Valley area is by transpiration by cultivated crops and 
evaporation from the surface of irrigated lands. It is impossible to place a 
quantitative value upon such use with data now available • 

Effluent seepage from the ground-water reservoir enters the Gila River 
channel at numerous places between its junction with the Salt River and 
Gillespie Dam. This water, combined with normal surface flow in the Gila 
River upstream from the junction leaves the Salt River Valley area at 
Gillespie Dam. Average annual surface flow at the dam for the period 1946-
1949 inclusive was about 77,000 acre-feet. Effluent seepage from the ground­
water reservoir probably furnished the greater part of this flow; the remain­
der was derived from floods, 

It has been established by Jakosky (1940, pp. 373:-374) that ground water is 
discharged from the Salt River Valley area as underflow beneath Gillespie 
Dam. He determined the existence of aquifers under the lavas upon which 
the foundations of the dam rest, but the amount of underflow transmitted 
through the aquifers has never been determined and cannot be estimated 
from data presently available, however, it is much less than that discharged by 
evapotranspiration. There is also a possibility that a small amount of ground 
water is discharged as underflow either through or beneath the lavas at the 
north end of the Gila Bend Mountains along old channels of the Gila River 
(McDonald, Wolcott, and Hem, 1947, p. 20) . 

Storage 

The determination of the amount of ground water in storage in the alluvial 
materials in the Salt River Valley area is a problem that cannot be solved 
accurately without more data than are at present available. For an area as 
large and as variable in the characteristics of the materials by which it is 
underlain as is the Salt River Valley, any figure for the coefficient of drainage 
must be recognized as an estimate only and computations that involve such 
a figure should be interpreted with due allowance for a considerable margin 
of error. 

Upon this premise, the Geological Survey (1951, pp. 13-14) made an 
estimate of the volume of water in storage in 1950 in a thickness of 100 feet of 
allumium in the Salt R iver Valley based upon an area of 1,600,000 acres. It 
was roughly estimated that the volume of water in storage was 19,200,000 acre­
feet. The upper limit of the aquifer was defined as the water table in 1950 . 
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For the present report the area of the valley has been measured as 1,370,000 
acr es, excluding the Verde River Valley, which is set apart by Granite Reef 
Dam, and excluding areas in the main valley where the depth to the water table 
is known to be in excess of 300 feet. Using the area of 1,370,000 acres and 
assuming a coefficient of drainage of 12 percent for the materials in the upper 
part of t he valley fill, the latent storage of ground wat&r in the uppermost incre­
ment of 50 feet between the water table and a depth of 300 feet is 8,200, 000 acre­
feet. The coefficient of drainage decreases with depth and therefore figures for 
the s ucceeding 50- foot increments are not given. 

In estimating underlying storage beneath the irrigated area of the valley a 
coefficient of drainage of 12 percent was used, and the quantity of water stored 
in a 50- foot layer underlying 590,000 acres was computed to be 3,500,000 acre­
feet. It is not considered advisable to apply the coefficient of 12 percent for 
successive 50-foot increments to a depth of 300 feet below the water table be­
cause the coefficient of drainage is known to decrease with depth. The amount 
of decr ease is not known. It should be noted that if all water pumped in the val­
ley were withdrawn from storage in aquifers underlying the irr igated area of 
590,000 acres, the 50- foot layer would be unwatered in 2 years at the 1951 rate 
of withdrawal. 

It is emphas ized that the above figures are estimates and that the results 
are based upon two factors, one of which is unknown. Future work may show 
that the value of 12 percent for coefficient of drainage is too low or too high, 
requiring upward or downward revision of the figures for storage . Also , it 
would be impossible to unwater a thickness of 50 feet of aquifer over the 
ent ire Salt River Valley area without a well system so closely spaced that it 
would be utterly impracticable and uneconomical. Currently there are 
numerous localities in the valley where well interference is resulting from 
overlapping cones of depression, and the irregularities in the process of 
unwatering ·ar_e shown by the water table contours '(Pl. 19). 

Fluctuations of ground-water levels 

The average level of the water table in the Salt River Valley area for 
each year from 1930 through 1951 is shown graphically in figure 18. Gr aphs 
of water levels in individual wells throughout the area are shown in figures 
19 to 21. Although there are numerous fluctuations of the water levels in 
individual wells the long-term downward trend of water levels is obvious for 
the area as a whole . The declines r ange from a few feet to more than 100 feet . 
As shown by figure 18, the decline has persistently increased owing to the 
increased withdrawal of ground water from storage . In the vicinity of 
Buckeye, where the effects of recharge from surface-water irrigation are 
reflected and where the ground-water reservoir is constricted into a relative­
ly narrow rock channel, the decline of t he water table has been least . 

Q.ualitv of water 

During the investigation that preceded the 1947 report, more than 150 
water samples were taken from wells in various locations throughout the 
area, and some 500 analyses, some from other agencies, were used in pre-
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Figlii."e 21.--Graphs showing fluctm1tions of water level in observation wells in the SaJ.t River Valley 
area, Maricopa County. 
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preparing a section on quality of water. Since preparation of that report, few 
data on quality of the ground water have been collected and therefore no 
additional discussion is presented here. The subject of salt balance in the 
Salt River Valley area is discussed in the following chapter . 

Problems 

Various problems involved in obta ining adequate information about the 
ground-water resources of Arizona are discussed in Part III of this report . 
The problems outlined below are considered to apply specifically to the Salt 
River Valley area, although some of them are common to many other areas 
in the State . 

1. - -Determine location and attitude of subsurface structural boundaries of 
valley by geophysical methods-resistivity and magnetometer . 

2. - -Determine quantity of recharge entering the area from various sources 
such as: 

(a) .- -From streams other than Queen Creek. 
(b).-- Movement of ground water from Florence area into Magma area . 
(c). --From rainfall. 
(d).- - From irrigated lands and canal seepage. 

3. - - Determine quantity of discharge from the ar ea by: 
(a).-- Underflow of Gila River at Gillespie Dam. 
(b).--Underflow of Gila River north of Gila Bend .Mountains . 

4.--Determine yields to wells from individual aquifers by means of current­
meter and conductivity logging. 

5. - -Determine reasons for lower yields, both specific yield and yield to 
wells, of deep aquifers as compared to shallow aquifers. 

6. --Collect more adequate data on transmissibility and coefficient of drain­
age of the aquifers in the ar ea by: 

(al-- P u:mping te sts . 
(b~ -- La boratory te sts . 

7. - -Increase frequency and number of well-discharge measurements to 
provide greater accuracy in annual pumpage inventory . 

8.- - Broaden scope of observation-well program to provide more complete 
coverage of newly developed areas. 

9. --Collect additional quality- of-water data in areas where concentration of 
mineral matter in ground water is increasing to assist in solving the salt ­
balance problem . 

Summarv 

The Salt River Valley area comprises the valley lands in the vic inity of 
Phoenix and includes the tributary valleys, Queen Creek, Paradise Valley, 
and Deer Valley, as well as lands west of the Hassayampa River and the 
lower reaches of Centennial Wash. The boundaries of the area are, of 
necessity, established arbitrarily . 
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The pr esent r eport is intended to supplement an earlier report describing 
the ground-water situation through 1946, and therefore the present report 
describes only conditions as they may have changed between 1946 and 1952. 

The presence of an extensive clay deposit between Phoenix and Litchfield 
Park, the top of which lies at a depth of 300 to 700 feet below the land surface, 
has been determined on the basis of logs of deep wells. The clay, in some 
places, is at least 700 feet thick. 

Since 1946, and particularly in 1950 and 1951, many deep wells have been 
drilled and many shallow wells have been deepened. The deep aquifers 
apparently have a lower coefficient of drainage than the shallower aquifers, 
and yields from deep wells are generally less than those from the shallower 
aquifers. 

The principal source of recharge to the ground-water reservoir of the 
area is considered to be from infiltration of water from irrigated fields and 
canals. Other sources of recharge are stream flow, underflow into the area, 
and precipitation. 

The principal method by which ground water is discharged is by pumping 
for irrigation. In 1951, 1,910,000 acre-feet was withdrawn by pumping, an 
increase of 40 percent since 1946. Natural discharge occurs by evapotrans­
piration, surface flow of the Gila River at Gillespie Dam, and underflow. 
Discharge by phreatophytes is roughly comparable to average annual surface 
flow. 

The amount of ground water stored in a 50-foot layer below the water 
table, underlying the irrigated lands in the area was estimated to be 3,500,000 
acre-feet . It has been obvious for several years, as shown by the continuous 
decline of the water table, that a large part of the water pumped for 
irrigation has been withdrawn from storage. Each annual increase in pump­
age has been reflected in an increased decline of the water table. 
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Table 26.--Records of representative wells in Salt River Valley area, Pinal and Mari copa Counties, Ariz . 
I 

water level water level 
Depth below Date of Depth below Date of Pump and Use of 

Well location Depth of measuring measure- measuring measure- power wate r 
well (feet) paint( feet) aj ment point(feet)a/ ment b} c/ 

Sec. 10, T. 1 N., R. 1 E. 650 9:.! 43. 3-7-40 !?:./ 93 2-20-51 T,E I 
Sec. 36, T. ~N., R. 3E. - 32-9 10-31-46 53.4 1-24-52 C,E _ D 
Sec. 24, T. 1 N., R. 4 E. - y 25.6 3-24-42 32.2 1-21-52 C, E D 
Sec. 3, T. 1 N., R. 5 E. 500 d/110 3-4-50 120.3 11-13-50 T,E I 
Sec. 3, T. l N. , R. bE. 705 - - - - T,E I 
Sec. 23, T. 1 N., R. 7 E. - 301.3 11-4-39 317.2 l-15-52 C,E D 
Sec. 5, T. 2 N., R. 1 E. 354 - - - - - -
Sec. 3, T. 2 N., R. 2 E. - 62.5 2-12-43 117.7 l-23-52 None N 
Sec. 19, T. 2N., R. 4E. - 12.4 12-13-46 1b.9 l-23-52 None N 
Sec. 31, T. 2 N., R 6 R. 135 90.5 10-4-46 104.3 2-14-49 C,E D 
Sec. 7, T. 3N., R. lE. 235 115.0 3-10-42 150.4 1-23--52 T,E I 
Sec. 17, T. 3 N., R. 2 E. 622 d/133 1-22-46 213.0 3-52 T,E I 
Sec. 14, T. 4 N., R. 1 E. 440 !};./250 10-25-51 257.2 3-52 - I 
Sec. 27, T. 4 N., R. 2 E. 620 - - 9:.1292 10-14-50 T,E I 

Sec. 10, T. 1 N., R. 1 W. 210 !};./ 40 l-14-45 62.4 1-30-52 T,E I 
Sec. 16, T. 1 N., R. 2 W. 200 73.2 3-5-46 39.2 1-30-52 T,E I 
Sec. 34, T. lN., R. 3 W. 200 56.7 10-25-46 63.1 l-30-52 T,E I 
Sec. 31, T. lN., R. 4 w. 250 - - 70.2 l-30-52 T,E I 
Sec. 2, T. 2 N ., R. l W. 131 37.3 1-17-46 136.0 l-29-52 None N 
Sec. 20, T. 3 N., R. l W. - - - 294.3 l-29-52 T,E I 
Sec. 3, T. 4 N., R. l W. . 500 196.0 2-6-46 232.0 l-23-52 None N 

Sec. 13, T. 1 S., R. 4 W. - - - _ _j}_ 25--.- -- . 9-26--51 __ T,E I 
-------- --

a/ Measuring point was usually top of casing, top of pump base, or top of well curb. 
b/ T, turbine; C, cylinder; E, electric motor; G, gasoline or natural gas; W, ~nd; H, hand; D, diesel. 
c/ I, irrigation; S, stock; D, domestic; P, public supply; N, none. 
~/ Water level reported. 

Discharge 
(gallons per 

minute) 
2,200 

-
-

4,000 
1,100 

-
1,300 

-
-
-
-
-
-

3,000 

1,900 
-
-
-
-

2,100 
-

3,200 



Table 26 .--Re cord s of r ep r esentative ~ve ll s in Salt River Valley area.-- cont inued. 

wat er level wate r l eve l 
- · Dep th below Dat e of Depth belo w I Dat e of Pump and Use of Di scharge 

Well locat ion Dep th of measuring measure- measuring measure- power water ( gallons pe r 
well (feet) point( feet )~/ ment point( feet)~/ ment ~I ~I minute ) 

Sec . 8 , T. 1 S. , R. 2 E. - 10. 9 10- 30-46 18 . 9 1-24-52 T,E D -
Se c. 36 , T. 1 S. , R. 3 E. - 98.6 10-8- 48 110.9 1-21-52 None N -
Sec. 22 , T. 1 S., R. 6 E. 762 d/108 .0 1-23- 47 - - T,E I 1, 800 
Se c. 25, T. 1 S., R. 7 E. - - 169 . 2 1-31-47 182.9 l-17- 52 C,E s -
Se c. 24, T. 2 S., R. 6 E. 900 164. 2 2-15-49 lb9.5 1-17- 52 T, E I 1, 500 
Se c. 3, T. 2 S., R. 7 E. 596 - - 221. 9 5-9-51 T, E I 2 ,700 
Sec . 32, T. 2 S., R. 8 E. 700 195 1-19-49 - - T, E I 2 , 500 
Sec. 22 , T. 3 S., R. 8 E . 6oo - - ~/205 1-15-51 T, E I 2 , 800 

. - . -- - ·· - - - - -- -------·-- -------· - -- ·-- - - -- - - -. 
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Table 27.--Logs of representative wells in Salt River Valley, Maricopa 
County, Ariz • 

--- !Thickness Depttl 
---- (feet) (feet' 

Sec. 10, T. l N •. R. l E. 
Soil - - - j 3 3 Caliche - : : - 17 20 

~~~~s~ ;ravel~ ~o~de;s 9 29 

and some sand - - - - 31 60 
Packsand and small gravel 30 90 
Hard packsand or 

sandstone - - - 10 100 
Cemented gravel 15 115 
River silt - - - 10 125 
Soft sandstone - 12 137 
Cemented sandstone 4 141 
Caliche and gravel 12 153 
Hard sandstone - - - - 5 158 
Sand and gravel 7 165 
Sand rock - - - - 4 169 
Good sand, gravel and 
boulders 

Hard sandstone - - - -
TOTAL DEPTH 

Sec . 9. T. l N. • R. 2 E. 
T~il and clay - - -
Sand, gravel and 
boulders - - - - - -

Tight sand, gravel and 
boulders, water-seepag 

Gravelly clay, water­
seepage - - - - - - -

Loose sand, gravel, small 
river boul ders - - - j 

Clay, gravel, small 
boulders - - - - - -

Tough gravelly clay,light 
seepage nearly shut of~ 

Gr avel and small amount j 
of clay, seepage - - I 

Sand, gravel , small boul-
ders, some water - - ~ 

Fine sand, gravel and 
boulders, water -s eepag 

Sand, gravel and boulders, 
seepage - - - - - - - 1 

Hard conglomerate of . I 
gravel and sand cemented 

I 

26 
15 

0 

85 

30 

l 

24 

10 

10 

21 

33 

37 

12 

4 

195 
210 
210 

35 

120 

150 

151 

175 

185 

195 

216 

249 

286 

298 

302 

Thickness Depth 
---------t-- (feet) (feet) 

Gravelly clay, water -
Packed silt, water - -
Gravel, shells, small 
boulders, less water 

Clay with some gravel 
and sand, very light 
seepage - - - - - - -

Packed sand and gravel, 
light seepage - - - -

Caliche clay, near shut 
off - - - - - - - - -

Packed sand and gravel, 
seepage increasing 

Gravel, clay and smal~ 
boulders, seepage - -

Coarse sand and gravel, 
strong seepage 

Clay, makes some water 
Soft packed sand, pack­

ed silt and sandy­
lime rock - - - - - -

Sticky, tough clay, 
water shut off at 408 1 

Clay with some gravel 
and sand - - - - - -

Clay, light seepage 
Blue clay with brown 
streaks and small 
gravel - - - - - - -

Packed silt and gravel 
Gravelly clay - - - -
Sandy clay - - - - - -
Sand and gravel, water 

increasing - - - - -
Sandy clay and small 

gravel - - - - - - -
Hard sand and small 

gravel - - - -
Silt and clay - - - -
Sand and gravel 
Silt and clay, small 

rock - - - - -
Sandy clay - - - -
Tight, fine sand -
Kaolin - - - - - -
Packed sand, water 

decreasing 

8 310 
3 313 

27 340 

10 350 

14 364 

2 366 

2 368 

7 375 

8 383 
5 388 

8 396 

12 408 

7 415 
22 437 

5 442 
3 445 
5 450 

10 460 

l 461 

ll 472 

2 474 
4 478 
2 480 

18 498 
2 500 
5 505 
l 506 

4 510 



Table 27.--Logs of representative wells in Salt River Valley--continued. 

Thickness Depth 
(feet) (feet ) 

----------------------~-~~~~~~~~-~-----------------

Tough silty clay, some 
gravel, light seepage 

Sticky clay, water near 
shut off - - - - - - -

Sand, makes some water 
Clay, all water shut off 
Mountain wash, first 
flew of water below 
clay bank - - - - -

Sandy clay - - - - -
Sticky clay - - - - -
Mountain canyon conglo-
merate, increasing from 
fairly hard to tough -

Very tough conglomerate 
Soft decomposed granite 

coarse and fine sand 
harder conglomerate 
towards 1330, good flo-v 
of water - - - - - - -

Very hard conglomerate 
softening towards 1355 

Mountain wash, sand, then 
finer sand, water 
seepage - - - - -

Fine sand going into 
mountain wash; water 
seepage - - - - -

Soft conglomerate; 
seepage - - - - -

Conglomerate becoming 
harder, seepage --­

Conglomerate, mountain 
wash, grey and red 
stratified formation, 
seepage 

Very red conglomerate, 
some water at 1408, 
very little at 1428 

Soft grey conglomerate 
some seepage - - - - -

Stratified areas, hard 
mountain canyon cong ­
lomer ate and mountain 
wash - - - - - - - - -

Mountain wash strata 
and hard conglomerate, 
seepage - - - - -

Hard conglomerate, seep­
age nearly shut off -

40 

10 
3 

609 

9 
19 
7 

96 
8 

19 

25 

8 

ll 

14 

8 

12 

20 

4 

18 

12 

32 

sso 
560 
563 

1172 

1181 
1200 
1207 

1303 
1311 

1330 

1355 

1363 

1374 

1388 

1396 

1408 

1428 

1432 

1450 

1462 

1494 

. Conglomerate breaks in­
to sandy mountain wa~h 

possible flow of water' 
Waterbearing sand, 

mountain wash - - - -
Mountain wash going in­

to soft conglomerate, 
possible water flow -

Soft mountain canyon 
conglomerate, strong 
seepage - - - - - - -

Clay - - - - - - - - -
Soft red clay and moun­
tain wash going to 
tight sand and moun­
tain wash - - - - - -

Tight sand and moun­
tain, strong seepage -

Red clay, fine sand, 
coarse and medium 
mountain wash gravel; 
light seepage - - - -

Mountain wash with less 
clay, light seepage -

Light clay, gravel, 
light flow of water -

Conglomerate, light 
flow of water - - - -

Fairly clean tight 
mountain wash, water 
seepage very light to 
1630, none 1630 to 
1641, fair 1641 to 
1651, strong 1651 to 
1673 - - - - - - - - -

Same formation, sticky 
in spots, strong 
seepage - - - - - - -

Very tight mountain 
wash, light flow - - -

Same formation going in 
to red decomposed 
granite, light flow -

Red dec or11pos ed granite, 
light seepage - - - -

Red decomposed granite, 
going into coarse, 
tight sand, strong 
seepage - - - - - - -

Thickness Depth 
(feet) (feet ) 

7 

6 

26 

7 
10 

15 

10 

4 

10 

6 

25 

53 

17 

9 

9 

10 

6 

1501 

1507 

1533 

1540 
1550 

1565 

1575 

1579 

1589 

1595 

1620 

1673 

1690 

1699 

1708 

1718 

1724 
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Table 27.--Logs of representative wells in Salt River Valley--continued • 

--------------------~~~~---~~~~--------------------------=----------·~~ Thickness Depth Thickness Depth 
--------------------------l~~(f~e~et~)~~(~f~e~et~)+-~----------------------~---(~f.eet) (feet) 

Coarse tight sand 
changing into muddy 
sand, strong seepage -

Soft muddy mountain 
wash, gravel and sand, 
light flow - - - - - -

Tight muddy mountain 
wash, gravel and sand; 
strong seepage - - - -

Very tightly packed 
fine mountain wash, 
light flow - - - - - -

Same formation or pos­
sibly mountain canyon 
conglomerate; light 
flow - - - - - - - ---

Very tight mountain 
wash, light seepage -

Hard packed mountain 
wash; light seepage -

Hard packed mountain 
wash, light flow - - -

TOTAL DEPTH 

Sec. 23, T. l N •• R. 6 E. 
Topsoil - - - - - - - -
Caliche clay - - - - -
Tight gravel and boul-
ders - - - - - - - - -

Loose sand and gravel -
Caliche - - - - - - - -
Loose sand and gravel -
Caliche - - - - - - - -
Loose sand and gravel -
Cement - - - - - - - -
Loose sand and gravel -
Alternate loose strata 

and cemented loose 
gravel - - - - - - - -

Cement - - - - - - - -
Very loose gravel -
Very hard cemented 

gravel - - - - - -
Caliche - - - - - -
Very hard cemented 

gravel - - - - - - - -
Caliche - - - - - - - -
Very coarse gravel mixed 

with hard streaks - -1 

6 

ll 

13 

10 

7 

9 

9 

4 

8 
64 

84 
32 
13 
18 
5 
4 
4 
6 

18 
23 
73 

12 
131 

ll 
6 

183 

1730 

1741 

1754 

1764 

1771 

1780 

1789 

1793 
1793 

8 
72 

156 
188 
201 
219 
224 
228 
232 
238 

256 
279 
352 

364 
495 

5o6 
512 

Loose sand and gravel 
Gravel and cemented 

streaks - - - - - - -
Very hard cemented 

gravel - - - - - - -
Gravel and cemented 
streaks - - - - - - -

Cemented sand and 
gravel - - - - - - -

Gravel with clay 
streaks - - - - - - -

Hard clay - - - - - -
TOTAL DEFTH 

9 

10 

12 

35 

23 

6 
20 

704 

714 

726 

761 

784 

790 
810 
810 

----------------------------~--------~-------
Sec. 19. T. 2 N~ R. l W. 

No log - - - - - - - -
Sandstone - - - - - -
Silt - - - - - - - - -
Sandstone and gravel -
Cemented gravel - - -
Tight gravel - - - - -
Loose sand and gravel 
Loose sand and gravel 
Tight gravel - - - - -
Tight gravel - - - - -
Loose gravel - - - - -
Tight gravel - - - - -
Loose gravel - - - - -
Loose silt, sand, gra-
vel - - - - - - - - -

Silt tight - - - - - -
Loose gravel - - - - -
Clay, gravel and sand 
Tight gravel - - - - -
Clay, some gravel - -
Loose sand - - - - - -
Tight clay and gravel 
Tight clay and gravel 
Hard clay - - - - - -
Sand and gravel - - -
Clay - - - - - - - - -
Sandstone and small 

gravel, water - - - -
Clay - - - - - - - - -
Clay and sand - - - -
Hard clay - - - - - -
Clay and some gravel -
Clay and silt with 
water - - - - - - - -

180 
33 
17 
18 

6 
4 
4 
6 

20 
7 

ll 
2 

18 

14 
14 

8 
12 
20 
12 

8 
26 
So 
14 
41 
10 

25 
10 
30 
10 

185 

40 

180 
213 
230 
248 
254 
258 
262 
268 
288 
295 
306 
308 
326 

340 
354 
362 
374 
394 
406 
414 
440 
490 
504 
545 
555 

580 
590 
620 
630 
815 

855 



Table 27. --Logs of repr esentative wells in Sal t River Valley--cont inued. 

----·-----------------~~~~~--~~~~~~---------------------~~~---~~~·--Thickness Depth ThicknesE Depth 
---·-------+--C-.f_e_e_t )o...-t-.... (f_e_e_t .... )t-+-- ----- - - -1-.Jf eet) (~et) 

Dry s i lt - - - - - - -
Joint clay and s i lt -
Silt - - - - - - - - -
Clay and s ilt with lit-
tle streaks of sand -

Soft sandstone - - - -
Clay, trace of sand -
Hard sandstone - - - -
Clay and fine sand - -
Clay and sil t - - -
Soft clay and silt - -
Soft sandstone - - - -
St icky clay and silt -
Heavy clay - - - - - -
Clay and sil t - - - -
Sand and silt very 
fine (with water) - -

Clay and s ilt - - - -
Clay very sticky , some 
sil t - - - - - - - -

Silt with clay bi nder 
Fi ne gr ain rock ledge, 

ver y hard - - - - - -
Si lt - - - - - - - - -
Si lt and sand - - - -
Fi ne s~nd (salt water) 
Clay and sil t - - - -
Mountain rock and sand 
Clay, silt and sand -
Fine sandstone and clay 
Clay and silt - - - -
Sandstone inl aid in 

s i lt - - - - - - - -
White mt, gravel in 

clay and silt - - - -
Vfuite spar rock in 
boulder form - - - -

Vfui te rock in hard clay 
Vfuite rock i n silt and 

sand - - - - - - - -
Clay and silt more clay 
Clay - - - - - - - - -
Hard clay - - - - - -
Cl ay and silt - - - -
Soft sands t one with a 

whi te lime - - - - -
Hard sandstone - - - -
Cl ay dr y - - - - - - -
Fi ne sand and .silt--

26 
54 
35 

208 
14 

2 
l 
ll 
40 

8 
6 

36 
22 
19 

3 
20 

130 
26 

4 
8 

42 
16 
ll 
4 
4 

10 
15 

30 

29 

ll 
20 

9 
ll 

3 
4 

63 

27 
3 

28 
3 

881 
935 
970 

1178 
1192 
1194 
1195 
1206 
1246 
1254 
1260 
1296 
1318 
1337 

1340 
1360 

1490 
1516 

1520 
1528 
1570 
1586 
1597 
1601 
1605 
1615 
1630 

1660 

1689 

1700 
1720 

1729 
1740 
1743 
1747 
1810 

1837 
1840 
1868 
1871 

Hard silt stone and clay 
Sand, some gravel and 
clay - - - - - - - -

Cl ay and s i lt - - - -
Fine sand and water hot 
Hard clay - - - - - -
Soft clay and silt with 
very hot water - - -

Sand and gravel - - - -
Grantte boulders embed­

ded in hard cemented 
sand - - - - - - - - -

Granite gravel, loose -
Granite gravel, tighter 
Hard granite ledge - -
Fine sand and granite 

gravel - - - - - - -
Granite sand, gravel 
boulders - - - - - -

L'">ose sand - - - - - - -
Still drilling at 2130 1 

Sec • 8 . T • 4 N. • R • l W. 
Hard red cl ay - - - - -
Caliche - - - - - - - -
Sandy red clay - - - -
Caliche - - - - - - -
Br ovm clay - - - - - - -
Gravel and clay - - - -
Sandy brown clay - - - -
Clay and caliche - - - -
Gravel and caliche - - -
Caliche - - - - - - - -
Brovm sandy clay - - - -
Gravel and caliche - -
Sandy brown clay - - - -
Cal iche and gravel - -
Hard brown clay - - - -
Cemented gravel - - - -
Brown clay and gravel 
Cemented gr avel - - - -
Hard cemented sand, 

gravel - - - - - - -
Sandy browri clay - - - -
Conglomerate - - - - - -
Sandy brown clay, 

cemented streaks - - -
TOTAL DEPTH 

27 

12 
18 

8 
32 

56 
16 

8 
6 

16 
3 

l l 

22 

12 
5 

13 
5 

19 
2 

62 
18 
4 

14 
30 
14 
5o 
12 
10 
10 
15 

9 

18 
2 

40 

36 

1910 
1928 
1936 
1968 

2024 
2040 

2048 
2054 
2070 
2073 

2084 

2106 
2106 

12 
17 
30 
35 
54 
56 

118 
136 
140 
154 
184 
198 
248 
260 
270 
280 
295 
304 

322 
324 
364 

4oo 
4oo 
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THE "SALT BALANCE" CONCEPT AND ITS APPLICATION 
TO THE SALT RIVER VALLEY AREA, ARIZONA 

By J, D. Hem 

Problem 

The problem of disposal of dissolved mineral matter in irrigation water 
must be met and solved in order for any irrigation project to continue to exjst 
and prosper. The irrigation water supply ordinarily contains dissolved 
mineral matter in considerable amounts. However, the water transpired by 
plants and evaporated from the soil is essentially free from dissolved miner­
al matter. The use of water for irrigation tends, therefore, to have a con­
centrating effect on the dissolved solids. Ultimately, in most areas, some 
provision has to be made for disposal of excess dissolved solids to avoid 
damage to soils and crops, 

Where excellent drainage conditions exist, the individual farmer can 
prevent accumulation of soluble salts in the soil by adding an exces$ of 
irrigation water that passes downward unused through the root zone of his 
crops. The excess water leaches salt from the soil and carries it downward 
to the ground -water reservoir. This practice tends to raise the water table 
beneath irrigated lands. In areas where ground water lies close to the land 
surface it may be necessary to depress the water table by artifical drainage 
to prevent direct evaporation and a destructive-accumulation of salts. 

It has long been recognized that if an irrigation project is to be permanently 
successful, it must be so designed and operated that the drainage leaving the 
area of irrigation carries off the accumulating soluble salt from the whole 
area. Ideally, the amount of soluble mineral matter that must be removed 
should at least be equivalent to the amount entering the area in the irrigation 
water supply and from other sources. This is essentially the principle of 
''salt balance.'' 

Not all the dissolved solids brought into the area are harmful. Possibly 
the salt- balance concept need apply only to the salts that are definitely harm­
ful. This interpretation of the salt- balance problem needs further study and 
may be somewhat difficult to apply . 

Data required 

A considerable volume of detailed information is required to determine 
the status of salt balance in any area. The amount of dissolved salts in all 
inflow to the area, both surface water and ground water, must be known for a 
su~ficiently long period to provide a reliable annual average. To do this it is 
necessary to determine the total quantity of inflow of water and, by analysis of 
an adequate number of water samples, to determine the mineral content of the 
inflow. The components of outflow, both surface and underground, must also 



148 

be evaluated. In addition, areas of localized salt accumulation within the 
project may require collection of special data. These data would necessarily 
include much information on ground-water hydrology. 

Data available 

Present data are inadequate for more than general evaluation of the salt-. 
balance condition of the Salt River Valley area. About all that can be stated 
with certainty is that the amount of dissolved solids entering the area in 
surface flow is far greater than the amount leaving the area in surface flow. 
An earlier evaluation (McDonald, Wolcott, and Hem, 1947), based on incomplete 
data, showed that during the period October 1, 1944, to September 30, 1945, 
600,000 tons of dissolved mineral matter entered the area in surface flow of 
Salt River at Granite Reef Dam and that 460,000 tons left the area in surface 
flow at Gillespie Dam. No data for inflow of salt from the Gila River and 
other sources, or for outflow other than in the river at Gillespie Dam, were 
available for the 1944-45 water year. However, the difference between out­
flow and inflow indicates that a substantial amount of salt was left in the 
area during the year. 

More complete data on amounts of dissolved matter in the surface inflow 
and outflow are available for the period October 1,1950, to September 30, 1951, 
(U. S. Geol. Survey, Water-Supply Paper 1200, in preparation). These data 
show amounts of inflow during the year, as follows: 

Gila River at Kelvin 
Verde River below Bartlett Dam 
Salt River below Stewart Mountain Dam 
Total 

81,000 tons. 
82,000 

565.000 
728,000 

During the period a gaging station was operated on the Agua Fria Canal 
below Lake Pleasant, but there was practically no discharge. Analyses are 
not available for the first 2 months of the period, because sampling began on 
December 1, 1950. Loads of dissolved solids for the 2-month period were 
estimated on the basis of gaging-station records and on periods of similar 
conditions when samples were collected. No data are yet available on which 
to base estimates of amounts of soluble salts entering the area in ground­
water inflow. However, these amounts probably are small compared to the 
amounts from surface-water sources. 

The data for outflow for the 1951 water year also cover a period of only 
10 months. Dissolved-solids loads for the 2 months before sampling was 
started were estimated by a process similar to that used for estimating 
inflow. The computations show an outflow of about 350,000 tons during the 
year in the river and canals below Gillespie Dam. No data are available for 
amounts of dissolved solids leaving the area in underground flow. To some 
extent the missing data for underground inflow and outflow counterbalance 
each other. Bees. use sampling in 1951 was more frequent, the 1951 data for 
dissolved-solids load at Gillespie are considerably more accurate than those 
for 1945. Regardless of the missing data, it is evident that a greater amount 
of dissolved mineral matter enters the area in surface inflow than is removed 
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in surface outflow. During the 1951 water year the excess of dissolved solids 
was at least 350,000 tons of dissolved matter . 

Accumulation of salts in area 

It is not known where the excess dissolved salts were left, but there are 
several areas where the concentration of dissolved solids, particularly 
sodium salts, in the ground water is known to be increasing from year to 
year. The largest area is between Tolleson and Gillespie Da~ . 

Many factors complicate the study of salt balance in this area. One of tpe 
more important is the extensive pumping of ground water for drainage and 
the re-use of the water for irrigation. This re-use, which may go through 
several cycles, eventually results in a concentration of dissolved solids that 
makes the water unfit for irrigation. Part of this highly mineralized residual 
water may reach the surface by natural drainage and leave the area as flow 
past Gillespie Dam. The deterioriation of the quality of water in some areas 
may eventually require discontinuance of use of the water for irrigation, but 
it may be necessary to continue withdrawal, by pumping or other means, to 
provide drainage . 

In areas where the shallow ground water has become saline, deepening 
wells and casing off the upper water may allow continued pumping and use of 
the water for irrigation. Several factors might limit this possibility. The 
deeper ground water, even though it may be lower in dissolved solids t.l)an 
the shallower water, may have a high sodium percentage. If the percentage 
of sodium in the deep waters were higher than in the shallower waters or in 
the surface-water supply, the deeper waters would be less desirable for 
irrigation. Pumping from the deeper aquifers probably would induce vertical 
circulation of the ground water, which would eventually carry saline waters 
to the deeper aquifers . 

Summarv 

To summarize, the available data indicate that a serious salt-balance 
problem exists within the Salt River Valley area. A more complete under­
standing of the problem i.s desirable in several respects. Investigations 
should be intensified to obtain more data on the amounts of dissolved salts 
entering and leaving the area. Data now available are sufficient only for 
rather crude estimates. At present the accumulation of dissolved salts in 
ground water appears to be a problem only in parts of the whole area. In 
future studies an attempt should be made to obtain more comprehensive data 
on these specific local areas. If the cause of accumulation of salts in local 
areas could be determined, remedial measures could be undertaken with 
greater hope for success. Otherwise remedial measures are likely to be 
wastefully expensive and may not achieve their purpose . 
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RAINBOW VALLEY- WATERMAN WASH AREA 

MAR ICOPA COUNTY 

By H. N. Wolcott 

Introduction 

This section of Part II provide s data on the ground-water resources of an 
area in which work by the Geological Survey was begun in 1949 and completed in 
August 1952. The results of the work will later be issued as a separate report 
and are included in the present report because they relate to the ground-water 
supply of the Gila River basin as a whole. The work was done by the Geologi­
cal Survey in cooper ation with the Arizona State Land Department at the 
request of W. W. Lane, State Land Commissioner . 

P urpose 

The study was made for the purpose of determining: 
(1) The sources and movement of ground water in each valley; 
(2) Whether or not a subsurface channel or passage exists through which ground 

water might move from one valley into the other, and the effects of pumping 
in either valley in relation to the ground-water supply of both valleys; 

(3) The approximate average annual recharge to the ground-water supply in the 
Waterman Wash Valley; 

('(!:) The probable effects of pumping for irrigation in the Waterman Wash Valley 
upon water levels in shallow stock wells in the valley; 

(5) The probable effects of continued expansion of irrigation development in 
Ra inbow Valley . 

Geography and physiography 

The Rainbow Valley-Waterman Wash area includes two distinct bodies of 
ground water that lie a few miles south of the towns of Hassayampa, Buckeye, and 
Liberty. The area forms a broad ar c extending eastward from Gillespie Dam 
on the Gila R iver to the Sierra Estrella Mounta ins, then southward to a low 
dra inage divide between the Maricopa Mountains and the Palo Verde Mountains 
(pl.22). The area is bounded on the northwest and north by the Buckeye Hills 
and outliers of the Sierra Estrella Mountains, on the northeast and east by the 
Sierra Estrella and the Palo Verde Mounta ins, on the southeast and south by 
the Haley Hills and the low drainage divide already mentioned, and on the 
southwest and west by the Maricopa Mounta ins and the Gila River . 

To avoid confusion in the descriptions of the two valleys, t he small valley 
that drains into the Gila River immediately downstream from Gillespie Dam 
is designated in this repor t as Ra inbow Valley (pl. 22) and is a part of a 
larger ground-water area known as the Gila Bend basin. The area drained by 
Waterman Wash is designated the Waterman Wash area. The total drainage 
area of Rainbow Valley is approximately 80 square miles; of Waterman Wash, 
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appr oximately 400 square miles. The phys iogr aphic line of divis ion between 
the valleys is a low alluv ial ridge that ext ends northward from the Maricopa 
Mountains to the Buckeye Hills . 

Geology 

The Waterman Wash bas in probably was formed by downfaulting of a 
block between the Sierra Estrella Mountains and the Maricopa Mounta ins . 
The deepest well in the area , in sec . 23, T . 2 S. , R . 2 W., was drilled to 
a depth of 1,263 feet without encounter ing bedrock (table 28) . There is 
nothing to indicate how much deeper the basin may be, but the depth already 
proved is sufficient to justify the hypothesis of structural origin. Rainbow 
Valley is a re - entrant of the Gila R iver Valley, and it is proba ble that, 
except along the extreme western border, near the Gila R iver , bedrock 
lies at much shallower depths than in t he Waterman Wash basin. 

On t he map (pl. 22) some of the areas underlain by shallow bedrock 
are outlined and designated as "pediment." Within these areas small 
quantities of water may be encountered in shallow wells . These wells 
may produce enough water for stock or domestic use, but the supply is not 
dependable and the wells are liable to go dry during periods of prolonged 
drought . Owing to the pres ence of the ped iments, the ground-water storage 
capacity in each valley is less than would be suggested by the lar ge alluvial 
areas . 

Granit ic and metamorphic rocks , probably pre - Cambrian in age , compose 
the mounta in borders of both valleys and , in all probability, rocks of the 
same types form the hard- rock basin floors . Granite and gr anite - gneiss 
are predominant in the mountains on the northern and western sides of 
t he area . Schist and gne iss predominate in the mountains and hills on the 
eastern and southern border . 

The logs of various wells in t he Waterman Wash bas in (table 29) ind icate 
that the alluvial fill is similar in character to that in other basins of t he 
desert region. Gravel, sand , silt , and clay are encountered at various depths 
and in varying thicknesses . T he basin appears not to have been in the 
course of any major drainage, and ther efore the alluvial - fill materials 
probably have been derived from the nearby hills and mountains . 

Clay deposit s thus far encountered appear to be lenticular and none 
is of any great lateral extent, sugg-esting that there was no protracted 
interruption of. dr a inage frorri the ba sin, and, hence, no depos ition of 
extens ive lake sediment s , during the period of alluvial deposition . It is , 
therefore , probable t hat the closure of the bas in outlet was the result of 
geologically r ecent uplift along the line of the Buckeye Hills, after deposi­
tion of most of the alluvium . 

Ground -water resources 

Sour ces and movement 

Recharge to the ground-water reservoir underlying Ra inbow Valley is 
received from fo ur sour ce s : (1) Underflow along the Gila R iver; (2) r unoff 
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of rainfall in portions of t he Buckeye Hills and the Maricopa Mounta ins; 
(3) seepage from canals and irrigated lands; and (4) seepage from floods 
or other occasional s urface flows in t he Gila River channel. 

The principal sources of recharge to the Waterman Wash Valley are 
runoff from rainfall within the drainage basin and seepage from irrigation 
of approximately 3, 500 acres of land near the center of the valley. There 
is no entry of water into the basin from the Santa Cruz River or its tribu­
taries . Vekol Wash may have discharged at one time into Waterman Wash, 
but its present course is deflected eastward into the Santa Cruz R iver in 
the vicinity of the P alo Verde Mounta ins . The slight underflow along 
Vekol Wash probably par allels the surface channel. 

Ground water in Rainbow Valley moves westward toward the Gila River . 
In the vicinity of the river, movement is from north to south. 

In the Waterman Wash Valley there appear s to be no definite trend of 
ground-water movement except as indicated by a slight downwar d gr ad ­
ient of t he water table fr om the hard- rock border s toward the center of 
the valley. The water -table gradient at present is slightly downward toward 
the south in the area where outflow might be exrected northward through 
the narrows (sees. 29, 30, 31 , and 32 , T . 1 S., R . 2 W.). Therefore, no 
dischar ge occurs by underflow in this locality. The moderately heavy plant 
growth along this part of the wash pro bably is supplied from a zone of 
shallow water, and evapotranspiration from the plants constitutes the only 
natural dischage at present . 

Poss ibility of movement of ground water from 

Waterman Wash into Ra inbow Valley 

The two bas ins are separated on the surface by only a low alluvial 
div ide , and there has been some question as to whether ground water might 
move out of the Waterman Wash area beneath the surface of the divide 
and enter the Rainbow Valley. In the geologic study of the area, considerable 
time was spent along the divide. Electrical resistivity probes were made 
for the purpose of checking and verifying conclusions drawn from the 
geologic work . 
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The results of the work all indicate t hat, about 2 miles west of the alluvial 
divide, there is a continuous rock ridge at shallow depths below the surface, 
extending .northward from the Maricopa Mounta ins to t he Buckeye Hills . 
Low, inconspicuous outcrops of gr anitic and metamorphic rocks occur at 
several places along the line of the ridge , and geophysical probes were 
run at intermediate points between the outcrops. The probes indicated 
the presence of bedrock at shallow depths beneath the alluvial surface . 
There is, therefore, no possibility of any substantial ground-water move­
ment from Waterman Was h basin into Ra inbow Valley, and pumping in 
either valley should have no effect upon the water resources of the other 
valley . 
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Estimated average annual recharge to the ground-water 

supply in Waterman Wash Valley 

As far as could be determined, there is no way in which ground water 
escapes at present from Waterman Wash Valley as underflow from the 
basin. Evaporation of ground water and transpiration by phreatophytes is 
small, and the only important discharge of ground water from the valley 
is by pumping for irrigation. A prolonged wet cycle probably would cause 
the water table to rise sufficiently to bring about the discharge of ground 
water as underflow through the narrow gap in the hills at the north end of 
the valley. 

Recharr:e . --As already stated, the principal source of recharge to the 
area is runoff from rainfall within the drainage limits of the basin. The 
average annual recharge to the ground-water reservoir is, therefore, 
approximately the amount of rainfall runoff that infiltrates from the 
sandy washes to the ground-water reservoir. 

Experimental work in other parts of Arizona has shown that in the 
average year there is little or no direct recharge from rain that falls 
upon the flat valley floors (Turner and others, 1943, p, 42). Some of the 
rain runs off and some penetrates a few inches into the soil and is lost 
through transpiration by desert plants and by evaporation. Of the rain 
that falls upon the hard-rock mountain surfaces, part is evaporated and 
part becomes runoff that percolates into the porous sands and gravels 
along washes and eventually reaches the ground-water reservoir. 

Average annual rainfall at Phoenix is 7.80 inches and at Gila Bend, 
approximately 6 inches. As Waterman Wash Valley lies between the two 
cities, an average annual r ainfall of 7 inches on the Waterman Wash area 
was assumed for the purpose of estimating the quantity of recharge from 
runoff of rainfall. 

Neither aerial photographs nor topographic maps were available for 
all the mountains surrounding the basin, and the total hard.:rock area 
within the drainage limits of the basin could be only approximated . A 
maximum of 50,000 acr-es might be thus classified. 

Experimental work in 1943 on Queen Creek, in the eastern part of the 
Salt River Valley area, showed that 6 to 10 percent of the total rainfall 
on terrain of this type finds its way into washes as runoff (Turner, S. F., 
personal communication, 1950). Of this amount, as much as 50 percent 
pe r colates as recharge to the ground-water reservoir (Babcock and 
Cushing, 1942, pp, 49-5f3). The balance is lost by evaporation and transpira­
tion. 

Assuming a maximum hard-rock area of 50,000 acres, an average 
annual rainfall of 7 inches, a maximum factor of 10 percent for rainfall 
runoff into sand washes, and a factor of 50 percent for runoff contributing 
recharge to ground water, it is estimated that a maximum of 1,500 acre­
feet might be recharged annually to the ground-water reservoir from rain­
fall upon the hard-rock areas. If the runoff factor used were 6 percent 
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instead of 10 percent, the annual recharge would amount to less than 1,000 
acre-feet . 
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In addition, there will be some recharge from rainfall that reaches sand 
washes as runoff after falling upon the flat valley surfaces, During heavy 
storms, rain sometimes falls more rapidly than it can be absorbed by the soil, 
and the excess water follows small branches that lead into the major washes, 
The average amount of recharge from this source probably does not exceed 
1,000 acre-feet per annum, and might be as little as 500 acre-feet. On the basis 
of these estimates, it is estimated that the total average annual recharge from 
rainfall to the Waterman Wash ground-water reservoir does not exceed 2,500 
acre-feet, and may be as little as 1,500 acre-feet . 

Recharge from water applied to the land for irrigation is estimated on the 
basis of experimental work in Safford Valley (Turner and others, 1941, p, 30). 
In 1952 there was a total of about 3,500 acres under cultivation in Waterman 
Wash Valley. Assuming an annual consumptive use of 5 acre-feet of water per 
acre and a factor of 15 percent of water returned as recharge from irrigation, 
the total annual recharge from this source would amount to approximately 2, 600 
acre-feet, 

Adding the estimated quantities of recharge received from precipitation, and 
from irrigation of lands under cultivation in 1952, the approximate total recharge 
is believed to be between 4,000 and 5,000 acre-feet per year • 

Pumpage, --Withdrawal of ground water for irrigation in the valley in 1952 is 
estimated to be about 17,000 acre-feet on the basis of duty of water of 5 acre­
feet per acre and a total irrigated area of 3, 500 acres. If this factor for use 
were as low as 4 acre-feet per acre, total pumpage in 1952 would be 14,000 
acre-feet. The amount of ground water withdrawn in 1952, therefore, will ex­
ceed recharge by approximately 10,000 to 12,000 acre-feet. This difference 
between recharge and pumpage will be withdrawn from storage . 

Storage,--Agricultural development in the valley has been so recent that data 
are not yet available regarding the rate of decline of the water table in response 
to withdrawals from storage, nor are data available upon which to base an esti­
mate of the quantity of ground water stored in the valley. Continued pumping, 
even from deep aquifers near the center of the valley, will result in an accel­
erated movement of ground water toward the points of withdrawal and a lower­
ing of water levels throughout the area. Water levels in comparatively shallow 
stock or domestic wells will be affected, and some wells that are now producing 
water are likely to become dry . 

Q.ualitv of water 

Although a few analyses available indicate that the quality of the ground water 
in Waterman Wash Valley is suitable for irrigation, no account has been taken 
of the increase in mineral content that will result from continued use and re-use 
of the ground water in the basin. With no ground-water discharge to areas out­
side the valley to flush out accumulated salts, the water may eventually become 
so highly mineralized that it will be unfit for use. It is impossible to estimate 
how long it may take for such a conditicn to be brought about because the length of 

, 
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time depends upon two unknown factors--the quantity of water in storage and 
the rate at which it may be used for irrigation. 

Effect of continued expansion of agricultural 

development in Rainbow Vallev 

No quantitative estimate of the recharge to or discharge from Rainbow 
Valley was attempted, because of the complexity of the problem and lack of 
necessary data. Rechar ge to the area is from several different sources, 
some of which would be difficult or impossible to evaluate. As there is no 
surfac e or subsurface division between Rainbow Valley and the Gila Bend 
basin, the ground-water reservoir is common to both. It is possible, however, 
to anticipate certain results that probably will follow a continued expansion 
of agricultural development in Rainbow Valley. 

Chemical analyses of water from wells in this area (see table 30) show a 
high mineral content in the ground water paralleling the Gila River channel. 
Dissolved solids are highest in the wells nearest Gillespie Dam, where the 
water is derived principally from the river underflow. Downstream, the 
water improves somewhat in quality as a result of dilution by ground water 
of better quality moving westward in Rainbow Valley. 

Increasing irrigation development in Rainbow Valley will eventually lower 
the water table sufficiently to cause movement of highly mineralized water 
eastward, away from the river, toward the area where pumping is heaviest. 
Evapotranspiration in the irrigated area will cause an increase in content of 
undes irable minerals in the root zone. If the quantities of salts in the soil 
and in the ground water that is used for irrigation becomes too high, some 
land will be for ced out of cultivation. 

The irrigable area in Rainbow Valley is not large and, from the standpoint 
of quantity alone, overdevelopment probably is not imminent, but the deteri­
oration in quality of the ground water in this area may eventually become a 
factor limiting withdrawals, Pumpage figures for Rainbow Valley are in­
cluded in the section on the Gila Bend bas in. 

Summarv and conclusions 

The Rainbow Valley-Waterman Wa sh area includes two distinct ground­
water reservoirs. 

The lower part of Waterman Wash Valley is enclosed by hard-rock bounda­
ries and there can be no underflow out of the basin as long as the water t able 
remains at or near its present level. Rainbow Valley is a re-entrant of the 
Gila River Valley and therefore is a part of t he Gila Bend basin. 

The alluvial fill in Waterman Wash basin is composed of gravel, sand, silt, 
and clay, and it has a proved depth, in places, of more than 1,200 fee t. Depo ­
sition of the alluvium has been characteristically irregular, and there is no 
great continuity of individual beds or lenses, either vertically or later ally. The 
total thickness of alluvium in Waterman Wash is probably greater than in 
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Rainbow Valley. 
Recharge to the ground-water reservoir in Rainbow Valley is from various 

sources, but the recharge in Waterman Wash basin is derived principally from 
runoff of rainfall and by seepage from irrigated lands. 

The ground-water reservoirs of the two valleys are separated by a hard-
rock barrier, and there is no appreciable movement of ground water from either 
valley to the other. P umping in either valley will have no effect upon the ground­
water supply of the other valley . 

The recharge to Waterman Wash Valley in 1952 is estimated to be not more 
than 5,000 acre-feet, and it may be as little as 4,000 acre -feet. Continued use 
of ground water for irrigation in the valley will lower water levels and may 
result in some of the shallow stock or domestic wells becoming dry . 

Continued expansion of irrigation development in Rainbow Valley will result 
in increasing mineralization of the ground water in that area , and the deteri­
oration in quality of t he water may ultimately force some land out of cultiva ­
tion . 
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Table 28 .--Re cords of re presen t a tive \•Fe ll s in Rainbov-1 Valley- Waterman Wash a r ea , Maricopa County , Ariz. 

water l evel 
Depth be low Date of 

well no. Depth of measuring measure- Pump and Use of Remarks 
well (fee t) point (fee t) a / ment power ~/ water 5::./ 

T. l S., R . 2W. 
Sec. 22 - 84 .15 4-18-49 None N 

24 67 57.82 8-16-49 c, w D,S 
30 75 61.65 6-30-49 None N 
31 33 24.00 5--5-52 C,G D,S 
36 208 - - None N Dry. 

T.2S. ,R.l vl. 
Se c. 15 - 31 2 . 61 2--6- 51 None N Unca sed below 2feet. 

16 - 316.10 6--3-52 C,G s 
19 - 177. 00 6-11-5 2 None N Re cently d rilled irrigation well. 
20 - 195 . 00 6-ll-52 None N Recently drilled irriga tion well . 
33 1030 266 .70 6--2-52 H D Uses bailer to ge t wate~ 

T. 2 S., R. 2 W. 
Se c. l 585 188 . 50 4--2-52 None N Well abandoned. 

3 136 108 .38 2--l-51 None N 
5 1122 95-25 2--7-51 None N 
9 515 1 32 . 98 4--2-52 T,G D, I -12 188 l 85 -3b 2--l-51 None N 

13 680 181-32 4--2-52 None N 
14 - 144.00 6--l-49 C,G s 
21 150 - - None N Well dry a t 86 f ee t 2-7-51. 
22 161 - - None N Dr y· 
22 1250 195 . 00 12-16-50 T,D I Es timated discha r ge 2500- 3000 gpm . 
23 - 142 . 85 2--l-51 T,G I ,D Reported discha r ge 1 000 gpm . 
23 1263 180 .00 ll----50 T,G I , D Reported discharee 3476 gpm. 

a7 Meanuring point was usually top of casing , to p of pump base , or top of \''ell curb. 
b/ T, turbine; C, cylinde r; E , e l ~c tric motor; G, gasoline or natural gas ; W, 1.nrind ; H, hand; D, d i esel. 
""§_/I , irrigation ; S, sto ck; D, domes tic; P , public supply; N , none. 



Table 28.--Records of represen~ati ve well s in Rainbow Valley-Wa t erman Wa sh area --continued . 

I Wa t er l evel r 
De pt h below Dat e of 

Well no. Dep th of measuring measure- Pump- and ' Use of Remarks 
well (fee t) po i nt ( fee t) !!:_I ment powe r !:_/ 11rate r 53./ 

T. 2 S., R. 2 v..J. I i 
Se c. 23 175 168 .70 4--2-52 None N 

24 155 - - None N DrY. 
26 1031 - - T , G I 
27 1055 200 . 00 _j l-12- 51 T,G I 
34 112 - - None N Dr y. 
35 1037 213. 61 4--3- 52 T,G I ' 

T. 2 S., R. 4- H . 

Se c. 32 450 188 .15 4--l-52 T, E I,S 
32 - - I 

- None N Recent l y drill ed . 
32 - -

I 

- None N Re cently drill ed. 
33 168 - - None N Dry. 

T. 2 S., R. 5 W. 
Sec . 35 4oo - - T ,E I 

35 386 - , - T,E I 
36 - - - T, .J:!; I 
36 65 - - None N Dry. 
36 345 - - T, E I 

T. 3 S., R. l W. 
Sec . l 350 330 .17 6-- 2- 49 C, G s 

9 - 211 . 30 6-- 3-49 C,G S,D 
36 - 2g4 . 68 6-ll- 52 C,G s 

T. 3 S., R. 2 1:1 . 
Sec. l 237 - - None N 

T. 3 S ., R. 4 \<l . 
Se c. 4 250 159 -68 2-13-51 T, .E I 

4 4g2 - - T,E I ,D 298 4 gpm 8-16- 51· 
6 530 - - I T, E I 
7 176 100 .25 4--l-52 None N 
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Table 28 .--Reco r ds of r epr esenta t i ve well s i n Rainbow Val l ey- Wat erman wash a r ea --continued . 

f \oJa t e r l eve l 
Dep t h be low Da t e of 

Well no. Dep t h of measuring measure- Pump and Use of Remar ks 
well (fee t) point (fee t) ~/ ment power ~/ wat er ~/ 

T. 3 S. , R . 4 \ti . 
Sec. 7 332 - - T, E I 

8 406 105 .10 4--l-52 T, E I 
8 370 11 3.1 3 2-15-51 T,E I 
8 780 - - 'T,E I 
9 474 185 . 00 4--b-52 T,E I 

490 
I 

Discharg e 1816 gpm 8-16- 51 . 9 155 .1 5 2-1 3-51 T,E I 
9 500 - - T,E I Dischar ge 2280 gpm 8-1 6- 51. 

15 420 - - T,E I Discharge 3175 gpm 8-1 6-51 . 
15 46 5 - - T ,E I Di schar ge 3180 gpm 8-16-51 . 
16 - 159 -30 4--l- 52 T,E I 
17 - - - T, E I 
17 302 - - T, E I Di s char g e 20 28 gpm 8-30- 50 -
20 228 - - - -
21 300 105 . 80 1-28-52 T, E I Di s cha rge 2042 gpm 8- 30- 50 -
21 - - - T,E I Di s char ge 2160 gpm 8-30-50 -
21 550 - - T,E I Discharge 2820 gpm 8- 30-50. -21 812 - - T, E I Discharge 2815 gpm 8- 30-50-
22 465 - - T,.&i I, D Discharge 3415 gpm 8-17-51· 
23 37 2 - - T,.Ei I 
27 - 191. 50 4- - l -52 T,.Ei I 
28 918 - - T, .E I Dischar ge 3000 gpm 8- 30- 50 · 
28 1000 - - T, .l!; I 
2g - - - · None N we l l being d r il l ed. 

T. 4 S . , R. l E. 
Se c. 21 - - - - - ' Rig over we ll 4-3-52 . 

26 370 - - C, G D 
28 504 - - T, G D 
28 750 400 .02 4-- 3- 52 None N 
29 - 401.60 4--3-52 None N 

-- -- -- -- - - - -- --- ---

' · 



Table 29.--Logs of representative wells in Rainbow Valley - Waterman Wash area 
Maricopa County, Ariz. 

Thickness Depth - - Thickness Depth 
__________ 

1
_j£ eet) _(feet"+)-+---·------ ---· (feet) (feet) 

sec • 3 3 . T. 2 s • , R • l vr . 
Surf ace sand- - - · - -J-
6i:~ ~~h-s~r~a~s-of ~a-d 

~!~~t~~~~s~n~: = = ~ 
Grey sand with streaks of 
blue clay - - - - - - J 

Soft grey sand - - - - . 
Medium grey sand - - - · 
Hard streaks of grey sa d 
Medium grey sand - - -
Tight sand - - - - - - -· 
Sand - - - - - - - - -
Tight sand - - - - - - -
TOTAL DEPTH 

Sec . 5. T. 2 S. , R. 2 W. 
Surface sand ana-clay -
Clay 
Sand 
Clay - - - - - -~ - - -
Clay with streaks of 

sand - - - - - - - -
Sand - - - - - - - - -
Clay - - - - - - - - -
~~ite sand - - - - - -
Clay - - - - - - - - -
Sand - - - - - - - - -
Silt and sand - - - -
TOTAL DEPTH 

so 
121 
294 
90 
91 s1 
43 
51 
30 
3 

15 
17 
99 
45 

120 
20 
70 
5 

50 
95 
30 
20 
so 

125 
537 

80 
201 
495 
585 
676 
727 

770 
821 
851 
854 
869 
886 
985 

1030 
1030 

120 
140 
210 
215 

265 
360 
390 
410 
460 
585 

1122 
1122 

--------------------------~---------r~---
Sec. 22 . T. 2 S •. R. 2 W. 

Surface sand, clay, 
caliche - - - - - - - 200 200 

Sand, gravel, and clay 70 270 
Sand, streaks of gravel 100 370 
Sand, gravel, thin 
streaks sandy clay - 190 560 

Gravel, streaks sand - · 290 850 

Gravel sand, thin streaks 

G~!~~l :n~ ~a~d-::: i 1~g 950 
1000 

Gravel, sand with hard ~ 
cemented streaks of sand 250 1250 

TOTAL DEPTH ---t--~-250-

Sec • 3 5 . T • 2 S • . R • 2 W. 
Surface sand - - - - -
Brown clay - - - - - - · · 
Sand, gravel, some 
boulders - - - - - -

Sand, gravel some 
streaks of light - -

100 
40 

60 

100 
140 

200 

colored clay - - - - . 600 Boo 
Light grey sand mixed 
with blue clay - - - 180 980 

Hard light s and - - - 57 1037 
TOTAL DEPTH 1037 

-------------------
8 ec . 28, T. 4 S •. R . l E . 

surfac'"87oil - - . - - - - 4 4 
Caliche - hard streaks 166 170 
Fine sand - - - - - - 8 178 
Clay and s and streaks 32 210 
Sand and hard streaks So 260 
Sand - - - - - - - - - 30 290 
Cemented sand and 
boulders - - - - - - ll 301 

Sand and boulders - - 69 370 
Sand and boulder streak~ 30 400 
Sand & boulders & clay 

streaks - - - - - - - 60 460 
Clay - - - - - - - - - 6 466 
Sandy clay - - - - - - 54 )20 
Sand & clay streaks - 43 563 
Hard clay - - - - - - 57 620 
Clay & sand streaks - 83 703 
Clay & boulder streaks 47 750 
TOTAL DEPTH 750 

--·-------------------------~----- ----
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Ta"bl c 30.--Analy se s of water from repr esen tat i ve wel ls in Rainoow Vall ey- Water man w.::. sh ar ea , Maricopa County, 

Ari z. (Parts per mill i on except spe cific conductance and per c en t sodium) 

Specifi c Total 
Depth Tern- conduct- Mag- Sodium hard-

vJoll or Dat e of of pora- ance(micr o- Cal- neT and Bicar- Sul- Chl o- Fluo- Ni- Di s- ness 
spri ng no,collection well ture mhos a t cium si um potassi um "bo nat e fat e ri de ri de tra t e solved as 

(fee t) (oF . ) 250 c .) ( Ca) (Mg ) ( Naj-K) ( HC03 ) ( S04) ( Cl) ( F) ( NO 3) solids CaC03 I 

Tl S. ,Rl+W. 
I 

Se c. 9 12-15-50 250 76 5180 202 47 871 229 870 1040 3-5 86 3250 698 
9 7-18-51 250 76 5210 - - - 241 - 1060 - - - -

18 7-18- 51 - 74 5210 - - - 267 - 1250 - - - -
18 l - l-51 - 72 6520 2g8 100 1040 327 88 4 1530 2.6 77 41 30 1150 

T2S . , R2W. 
Se c. ~4- 6-l-49 - - 3030 - - - 160 - 760 - - - -

23 4-7-52 1263 87 1370 17 3.4 264 101 116 282 2.6 28 783 56 
~7 4-7-52 - 89 1 460 - - - 109 - 301 - - . . - -

T2S . ,R51'i. 
Sec. 35 4-19- 46 386 - 2850 - - - 235 - 700 - - - -

36 4-g-46 345 - 3580 - - - 270 - 920 - - - -
36 4-9-46 400 - 3770 202 71 503 257 327 945 0.7 5-7 2180 796 

T3S .,Rl W. 
Se c. 9 8-25-49 - - 493 51 14 41 321 3. 3 0 . 2 3.2 302 184 

I 

T3S . ,R4W. 
Se c. b 5- 27-46 530 - 2680 - - - 233 - 645 - - - -~ 

6 4-9-46 545 - 3390 194 63 428 247 274 835 l.l 6.7 1920 743 
6 2-13-51 - 74 2g4o 152 57 38 4 251 231 705 1. 2 6.6 lt90 614 
7 5- 27- 46 332 - 3100 - - - 259 - 77 2 - - - -
8 5- 27-46 370 - 2860 - - - 256 - 690 - - - -
8 4-lC-46 780 - 2460 - - - 234 - 585 - - - -
9 2-15-51 490 70 2880 104 16 477 126 190 735 8 . 0 4. 2 1620 326 
9 4-l-52 500 85 2210 - - - 201 - 4s5 - - - -

10 4-1-52 4ooj- - 3030 99 8 .3 530 117 191 795 4. 8 6 .7 1720 281 
17 4-10-46 302 - 3160 - - - 242 - 795 - - - -
21 4-lC- 46 300 - 2690 134 46 361 186 205 660 l. l ll 1510 524 
21 14-l0-46 550 - 2610 - -- - 254 - 620 - - - -
22 4-l-52 400-/- 83 2500 76 6 . 3 444 128 179 615 4 . 4 14 1430 216 
23 1 4-2-52 400 84 2090 - - - 114 - 480 - - - -
28 I 5- 27-46 lCOO - 2660 - - - 246 - 6 C:G - - - -

Pe r-
cent 
so-
dium 

73 
-
-

66 

-
91 
--

-
-

58 

33 

-
56 
58 
-
-
-

76 
-

80 
-

6o 
-

82 
-
-



Table 30.--Ana lyses of water from representa ti ve we ll s in Rainbow Valley-Waterman Wash a rea-continued. 

fr em-
Specific Tot a l 

Depth conduct-- Mag- Sodium ha rd- Per-
Well or Date of of per a- ance(micro.w Cal- ne- a nd Bica r- Sul- Chlo- F luo- Ni- Di s- ness cent 
spring no. collection well ture mhos a t cium sium 1 :lJ Otas sium b ona te fate ride ride trate solved as so-

(fee t) ( OF •) 25o C.) ( Ca ) ( Mg) ( Na/-K) ( HCO 3) ( 804) ( Cl) ( F ) ( N03) s olid s CaC03 dium 

T4S . , RH.T . 
Se c. 21 8-12-49 504 - 923 48 13 1 31 209 109 lll 0.5 20 568 174 62 

26 8-12-49 370 - 1420 55 16 227 195 223 206 1. 2 1 3 8 76 203 71 

Gila Rive1 near Gil-
l espieDarr 3-7-46 Surface - 6920 300 136 1090 375 891 1710 1.6 32 4350 1310 64 

flow 
Do. 3/l-10/ 46 do. 888 0 418 177 1420 426 1170 2360 2.2 22 5810 1770 63 

-~ --

\ 
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GILA BEND BASIN, MARICOPA COUNTY 

By D. R . Coates 

The geology and ground -water resources of the Gila Bend ba.sin have been 
described in a mimeographed report issued by the Geological Survey (Babcock 
and Kendall, 1948). This section is based on that report, supplemented by ,more 
recent pumpage and water-level data . 

Location and extent 

The Gila Bend basin is a wide, gently sloping, desert plain in southwestern 
Arizona . The basin extends over an irregular area from Gillespie Dam on 
the Gila River to a point 36 miles downstream, and is bounded by the Gila 
Bend Mountains and the Buckeye Hills on the north, the Maricopa and the Sand 
Tank Mountains on the east, the Sauceda Mountains on the south, and the Paint -
ed Rock Mountains on the west. The northeastern portion of the basin is 

known locally a s Rainbow Valley. The basin covers an area of about 800 square 
miles in Maricopa County . 

Geologv 

-
The Gila Bend basin occupies parts of at least two structural troughs 

(pl. 23) . The a lluvial valley is partially enclosed by mountains of crystalline, 
metamorphic or volcanic rocks which have been extensively eroded. The 
northern part of the valley averages about 5 miles in width, and rock pediments, 
extending toward the axis from the mountains, materially reduce the areas 
underlain by alluvial fill. The southern and western parts of the valley are 
about 12 miles wide, and pediments are less extensively developed. 

The general geologic history of the region is discussed in Part I of this re­
port . In the Gila Bend basin, much of the older alluvial fill was deposited at 
times when the basin had no outlet. After the Gila River had established through 
drainage, basaltic cinders and basalt flows of Quaternary age were erupted . 
Some of the lava flows dammed the river, forcing it to cut new channels, as may 
be observed at the present site of Gillespie Dam. Three terraces were foT m ­
ed by the Gila River as it deepened its channef through the alluvial fill . 

After the surface of the lower terrace was formed, the Gila River cut a gorge 
about 80 feet deep which was partly refilled with Recent unconsolidated aUuvium . 
The present river channel and flood plain have been cut into this material. The 
channel lies 5 to 15 feet below the flood plain in an inner valley about half a 
mile wide . The stream is now aggrading within this inner valley. A few irri­
gation wells obtain large amounts of water from the Recent alluviu~ in the 
western part of the basin . 

The cryst alline, metamorphic and volcanic rocks that comprise much of the 
outcrop area in the mountain ranges are not known to be water bear~ng ~n lb s 
basin . 

Cretaceous(?) and Tertiary(?) sedimentary rocks are exposed in the Sand 
Tank and Gila Bend Mountains and underlie much of the area covered by 
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Quaternary volcanic rocks and later alluvium. These rocks are composed 
of interbedded lava flows, tuffs, fanglomerates, and porous sandstones. Ma­
terial similar to these rocks was encountered at a depth of 1,100 feet in well 
(C- 5-4) 3ldb (table 32 ). No water has been obtained from the fanglom erate, 
but small amounts have been found at depth in porous sandstones interbedded 
with the fanglomerate. 

In the western part of the basin, basal materials of the older alluvial fill 
rest on the fanglomerate and consist of about 800 feet of lake- bed clays, with 
some sand lenses. About 300 feet of sand and gr avel with some clay overlies 
the lake beds. In the east part, wells have not encountered lake beds. Most 
of the irrigation wells in the eastern part of the Gila Bend basin are dr illed 
into the older alluvial fill. 

Ground -water hvdrologv 

Occurrence and movement 

The alluvial fills are the principal water- bearing formations in the Gila 
Bend basin and supply all the ground water used for irrigation. Aquifers in 
the older and younger valley fills are interconnected and form a continuous 
ground-water reservoir in the basin. 

Depths to water in wells in the valley in general r ange from about 25 feet 
near the Gila River to more than 400 feet near the Sauceda Mounta ins. The 
depth to the water table in irrigation wells in the trough between the Gila Bend 
Mountains and the Maricopa Mountains ranges from about 70 to 100 feet (table 31) . 
The depth to water along the Gila River in the western part of the area general-
ly r anges from about 25 to 40 feet , but near the Pa inted Rock Mountains the 
water table is almost at the surface. The depth to water in the irrigated ar ea 
around Theba is commonly more than 125 feet. 

The slope of the water table in t he valley fill is toward the Gila River and 
downstream, and approximates the land surface but with gent~er ·gradienf's. ;_ · 

Recharge 

Recharge into the ground-water reservoir of the Gila Bend basin occur s 
from four sources~ (1) Flow in the Gila River; (2) canals and irrigation water 
applied to the land; (3) runoff in washes near the mountains; and (4) precipi­
tation. 

Flow in the Gila River. -- Infiltration from the Gila River in some years is 
an important source of recharge to the ground -water reservoir of the basin. 
Quantitative data are not ava ilable, however , to determine the amount of this 
recharge. At infrequent periods, surface flow occurs in the river, and water 
percolates down to the water table through sands and gravels of the river 
channel. During the period 1945-51, flow past Gillespie Dam ranged from about 
1,000 to 100,000 acre-feet per year and averaged about 13,000 acre-feet per. 
year (Water-Supply Paper 1149, pp. ~ 78-79, and unpublished records, Geol. 
Survey). The amount of water entering the basin as underflow in the channel 
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of the Gila River at ·.GiliespietiBam ·'iS' pro-bably:srriaH. A..'ddittonal seepage may 
occur through volcanic rocks underlying the alluvial fill in the vicinity of 
Gillespie Dam . 

Canals and irrigation water .--The recharge from irrigation water was not 
studied in the Gila Bend basin. Studies in Safford basin, Salt River Valley 
area, and other areas are probably applicable to the Gila Bend basin. Those 
studies show that about 15 to 20 per cent of the water applied to the land and 
about 25 percent of water carried in canals is recharged tc the grcu:d - water 
reservoir. During the period 1946-51, it is estimated that approximately 
40, 000 to 50,000 acre -feet was recharged annually from these sources . 

Runoff in washes near the mountains.--The recharge from runoff in washes 
passing over the materials near the mountain front was not studied in the 
Gila Bend basin. Studies in other basins suggest that in the Gila Bend basin 
perhaps less than 5 percent of the total rainfall occurring in the mountains 
is recharged to the ground -water reservoir. Precipitation data are not suf­
ficiently detailed to permit making a quantitative estimate of such recharge, 
but it may be in the order of a few thousand acre -feet . 

Precipitation.--Recharge to the ground-water reservoir by direct infiltra­
tion of rainfall in an average year is believed to be negligible. The average 
annual rainfall of about 6 inches is so small that most of it is returned to the 
atmosphere by evaporation and transpiration. Some recharge may occur 
from precipitation that falls on coarse materials in the various washes . 

Discharge 

Ground water is discharged from the Gila Bend basin by natural means and 
by pumping. Natural discharge includes underflow, surface flow, evaporation, 
and transpiration . 

Natural discharge-:- Underflow occurs at the western end of the basin where 
the Gila River passes through a gap between the Painted Rock and Gila Bend 
Mountains (pl. 23). The channels of the Gila River total about 1,200 feet in 
width, but the thickness of the alluvium is not known. The amount of under­
flow leaving the basin has not been estimated . 

Some ground water leaves the basin as surface flow because the trough is 
constricted at the west end. It was estimated (Babcock and Kendall, 1948, 
p. 13) th~t this ground-water discharge averages lPss than 4,500 acre - feet :per 
year. . 

The greater part of the natural discharge occurs by evaporation and trans ­
piration in the river bottom. Such use of ground water is variable. ·The dis­
charge of ground water by evapotranspirat ion in 1946 was s tated to 8e :rom 
50,000 to 100,000 acre -feet (Babcock and Kendall, 1948, p. 14) . It is believed 
by the author of the present report that use by phreatophytes currently is less 
because of the decline in the water table • 

161 
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Pumpage,--The principal development of ground water has occurred since 
1937. In 1946, there were 17 irrigation wells discharging water into the Gila 
Bend Canal between the Gila Bend and Maricopa Mountains, and 7 irrigation 
wells near the Gila River discharged on to the irrigated fields in the western 
part of the basin. The wells in the western part of the basin develop most of 
their water in Recent alluvium. . Since 1946 about 20 new irrigation wells have 
been drilled in the older alluvium in the Rainbow Valley portion of the basin. 

In 1946, about 21,000 acres was irrigated from ground-water and surface­
water sources. The irrigated acreage has increased since 1946 to an estimated 
total of 30,000 acres in 1952. Most of the increase in irrigated acreage took 
place in Rainbow Valley since 1949. The following table summarizes, for the 
period 1946-51, the quantities of water used for irrigation from ground- . and 
surface-water sources. The information on surface water was taken from 
published and unpublished gaging-station records of the Surface Water Branch 
of the Geological Survey. 

Year Ground water Surface water Round~d Total 
(acre-feet) (acre-feet) (acre-feet) 

1946 33,300 88,660 122,000,' 
1947 40,500 69,780 11o;oo0 
1948 60,800 49,070 110,000 
1949 67,000 47,700 115,000 
1950 59,000 36,810 96,000 I 

1951 104,000 43,990 148,000 

Well yields.-- Most of the irrigation wells are 20 inches in diameter and are 
drilled to depths of a bout 500 feet in the older alluvial fill. The wells along 
the Gila Bend Canal had an average discharge in 1946 of 2,400 gallons per min­
ute and an average discharge of 50 to 60 gallons per minute per foot of draw­
down. Irrigation wells in the western part of the basin discharge 2,000 to 
3,000 gallons per minute. The wells in that area are about 350 feet deep. 

Quantities of water sufficient for domestic and stock use have been develop­
ed from the older valley fill on the higher slopes of the valley. 

Water -level fluctuations 

The withdrawal of ground water by irrigation wells in the northeastern part 
of the basin along the Gila Bend Canal has caused a net decline of the water 
table in their v~cinity of 1 to 2 feet a year in the period 1945-51, with local 
water-level declines of as much as 4 feet in the years 1950-51. Water -level 
declines have been much less in the vicinity of the irrigation wells northwest 
of Gila Bend. Elsewhere in the basin, changes in water levels have been almost 
negligible. 

Q.ualitv of water 

The quality of water in the Gila Bend basin was discussed by J, D. Hem in 
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an earlier report (Babcock and Kendall, 1948, pp, 14-17). No data have been 
obtained since that time, and the following paragraphs are a resume' of Mr . 
Hem's discussion, Analyses of waters from 11 wells are reproduced in table 
33. 
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Ground water in the Gila Bend basin ranged from about 450 to 2,200 parts 
per million in total mineral content, and the surface flow diverted into canals 
at Gillespie Dam averaged about 4,000 parts per million. Sodium amd chloride 
predominate, but large concentrations of calcium and sulfate are also present. 
According to standards discussed in Part I of this report, the surface water 
would be considered "injurious to unsatisfactory" for irrigation, The amount 
of surface flow and underflow that leaves the basin is much less than the total 
flow that enters the basin, Concentrations of mineral matter in waters leaving 
the basin are about equal to concentrations of dissolved solids of waters enter­
ing the basin. Therefore, dissolved matter must be accumulating in the basin. 

In general, ground waters are hard, salty, and contain fluoride concentra­
tions in excess of 1. 5 parts per million . 

Problems for additional studv in the Gila Bend basin 

1. Quality-of-water studies are necessary in or_der to determine the .rate of 
salt accumulation. in the . basin. 

2. Discharge of ground water from the basin by underflow and by bottom­
land vegetation should be studied • 

3. Tests are needed to determine permeability and storage coefficients 
of the Recent alluvium and older alluvial fill, _ 

4. Recharge from irrigation water in canals and o.n fields should be deter­
mined, 

Summarv 

The Gila Bend basin lies entirely within Maricopa County, along the Gila 
River, between Gillespie Dam and the Painted Rock Mountains. The basin is 
about 36 miles long and covers an area of about 800 .square miles . 

The basin occupies parts of at least two structural troughs. The .mountains 
are composed mostly of crystalline and volcanic rocks. Fanglomerates and 
interbedded volcanic rocks are overlain by the older alluvial fill. About 80 
feet of Recent alluvial fill was deposited in a channel cut into older alluvial fill. 

In 1946, about 21,000 acres was irrigated by both surface and ground water . 
Irrigated acreage has increased since 1946 to about 30,000 acres in 1952. 
Much of the increase has occurred in the Rainbow Valley area . 

Ground water is obtained in small amounts from sandstones within the 
fanglomerate unit, and in larger quantities from the older and the Recent 
valley fills. The average discharge of wells in older alluvium was about 
2,400 gallons a minute in 1946. Depths to water range from 25 to 400 feet 
in most parts of the basin, In the Recent alluvium well yields are slightly 
larger than from the older alluvium, Aquifers in the older alluvial fill and in 
Recent alluvium are interconnected. 

The principal sources of recharge are flow of the Gila River below Gillespie 
Dam, and seepage from canals and fields. · 
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Ground water is discharged from the basin mainly by evapotranspiration 
and by pumping. The total amount of ground water pumped by irrigation 
wells in 1951 was about 104,000 acre-feet. 

The water table has shown persistent declines in the area of heavy pumping. 
Water from most of the wells in the Gila Bend basin is high in dissolved 

mineral content, and most of it contains more than 1. 5 parts per million of 
fluoride. Soluble salts are accumulating in the valley and are causing increased 
concentrations of dissolved matter in the ground water. 
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Table 31.--Re cords of r ep r esenta tive well s in Gila Bend basin , Ma ri copa Count y, Ariz • 

t/ ::Lter Level 
Depth below Date of 

Well n o. Depth of mea suring measure- Pump and Use of Remarks 
well (feet) point (fcet ) ~/ ment power!!_/ water':_/ 

( C-2- 5) 
35ac 4oo 5G.45 12-18- 45 T, E I Mea su red di s charge 2 , 150 gpm, 4-46. 

36cd 65 63 .49 3-7-49 
Log on fi l e . 

None N -

( C- 3-4) 
6db 530 63.02 5-27- 46 T, E I Measured di s cha r ge 3, 020 gpm , 5-46. 

Log on file . 
8bd 370 68 . 81 12-18-45 T, E I Mea sured di schar ge 2, 080 gpm, 5-46. 

2lbb 300 69 . 67 12-18-45 
Log on fi l e . 

T, E I Measured di s charge 2 , 600 gpm , 4-46. 
Log on file . 

( C-3-5) 
2~/ 2cb 256 - T,E I Log on file . 

( C-4-4) 
4aa 640 76 . 90 5- 2-46 T, E I Mea sured di s char ge 2, 350 gpm, 5-27-46 

Log on file . 

( C-4-6) 
29aa 340 31. 50 1-15-46 None N Log on file . 

( C-5-4) 
3ldb 1,746 - - T, E Ind. · Reported di s cha rge 150 gpm . Log on 

fil e 
a / Mea sur in,e: po i'nt was usuallY t on of ca sin.<! . t o n of n 11mn h l'l!'t fL nr- t.nn nf' ,,,A ll !'111" h -

b/ T, turbine; C, cylind er; E , e l ectric motor; G, gasoline or natural gas ; W, windmill; D, diesel . 
c/ I, irriga tion; I nd., indu stri al; S, s tock ; D, domestic; N, not used. 
~/ Wa ter l evel r eported. 



Tabl e 31 .--Records of representa tive wells in Gila ' Bend basin--continued. 

water level 
Depth below Date of 

We l l no. Depth of measuring measure- Pump and Use of Remarks 
well (feet) point( feet),:; ment power~_/ water:._/ 

( C-5-5) 
l3dc - 32.78 l-l-52 c, w D -

( C-5-6) 
2db 418 19 -93 l-15-46 T,D I Measured' dis era r ge l, 900 gpm , l.t--29-45 
l3ac 280 30d/ - T,D I Measured di s cha r ge 2,780 gpm, 4-46. 

( c-6-6) 
4aa 244 124.22 l-l-52 C,G D ___ Log on file. 
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----·--~--!--~--------------------·~~·~----~~~ Thickness Depth Thickness Depth 
(feet) (feet) (feet) (feet) 

---·-------------~~~~~~~----------·------r-~~~~~ 

(C-2-5)35ac 
Silt - - - - - - - - - ~ 30 30 
Gravel - - - - - - - - ~ 28 58 
Coarse sand - - - - - ~ 3 61 
Caliche · - - - - - - - - 9 70 
Caliche and clay - - - - 8 78 
Clay and gravel - - - - 18 96 
Caliche - - - - - - - - 6 102 
Sandy clay --- - - - - - 48 150 
Clay and gravel - - - - 6 156 
Sandy clay - - - - - - - 47 203 
Gravel - - - - - - - - - 22 225 
Loose gravel - - - - - - 20 245 
Clay and gravel - - - - 1.5 260 
Gr ave l - - - - - - - - - 20 280 
Clay and gravel - - - - 28 308 
Sand and gravel - - - - 6 314 
Clay and gravel - - - - 16 330 
Gravel - - - - - - - - - 10 340 
Sand and gravel - - - - 12 3.52 
Clay and gravel - - - - 48 400 
TOTAL DEPTH 400 

(C-3-4 )6db 
Sandy silt - - - - - - - 39 39 
Gravel - - - - - - - - - 31 70 
Clay, sand, and gravel - 20 90 
Clay and small gravel - 130 220 
Hard clay and gravel - - 276 496 
Cemented gravel - - - - 34 .530 
TOTAL DEPTH 530 

(C-3-4) 8bc 
Clay - - - - - - - - - - 18 
Hard packed clay - - - ~ 4 
Gravel to 6 inche- - - ~ 4 
Clay and gravel - - - ~ 12 
Clay sand - - - - - - ~ 19 
Gr avel - - - - - - - - ~ 22 
Clay and caliche - - - ~ 7 
Clay and gravel - - - ~ 5o 
Gravel, clay, and streaks 

of conglomerate - - - ~ 38 
Gravel - - - - - - - - l 5 
Gravel, clay, and streaks 

of conglomerate ~ - - 1 25 
Cemented gravel - - - 1 5 

18 
22 
26 
38 
57 
79 
86 

136 

174 
179 

204 
209 

Gravel, clay, and 
cemented gravel - - -

Coarse sand and gravel 
Cemented gravel - - - -
Coarse sand and 
gravel - - - - - - - -

TOTAL DEPTH 

17 226 
48 274 

2 276 

94 370 
370 

----------------~---------r-------+-------

(C-3-4)2lbb 
Soil - - - - - - - - -
Clay - - - - - - - - -
Sand and clay - - - - -
Clay and small 

gravel - - - - - - - -
Sand - - - - - - - - -
Clay - - - - - - - - -
Sand (water) -- -- -
Small gravel - - - - -
Clay and gravel - - - -
Small gravel - - - - -
Shell, hard - - - · - - -
Gravel - - - - - - - -
Shell - - - - - - - - -
Gravel and shell 
Loose gravel - -
TOTAL DEPTH 

2 2 
4 6 
9 15 

15 30 
11 41 
29 70 
10 80 

9 89 
21 110 
39 149 

2 151 
15 166 

7 173 
53 226 
74 300 

300 

1---------------~----+----------4-----

(C-3-S)2cb 
Sandy-soil--:-:---­
Clay - - - - - - - - -
Sandy clay - - - - - -
Cl ay - - - - - - - - -
Coars e gravel (first 

wat er at 25 feet) - -
Decomposed granite 

gr avel - - - - - - - -
Granite gravel in 

clay - - - - - - - - -
Dec omposed granite 

gravel - - - - - - - -
Gr anite gravel in 
clay - - - - - - - - -

Decomposed granite 
gravel - - - - - - - -

TOTAL DEPTH 

6 6 
3 9 
1 10 
2 12 

20 32 

150 182 

38 220 

25 245 

3 248 

8 2.56 
2.56 



Table 32.--Logs of representative wells in Gila Bend basin--continued. 

~hickness, Depth Thickness Depth 
---------- (feet) (feet:_l----~~·------1- (fe~l_rlfeet) 

(C-4-4 )4aa 
Loose gravel - - - - - 40 
Caliche - - - - - - - - 68 
Gravel - - - - - - - - - 16 
Clay and gravel - - - - 56 
Caliche, clay and grave 75 
Sand and gravel - - - - 15 
Clay and gravel - - - - 40 
Soft clay and gravel - ~ 90 
Decomposed granite - - - 220 
Granite - - - - - - - - 20 
TOTAL DEPTH - - - - - -

40 
108 
124 
180 
255 
270 
310 
400 
620 
640 
640 

----------------------~------~-~--
(C-4-6)29aa 

Soil - - - - - - - - - - 5 
Gr avel in clay - - - - - 7 
Clay - - - - - - - - - - 24 
Gr avel - - - - - - - - - 4 
Shells and gravel in clay 196 
Gravel - - - - - - - - 1 6 
Shells and gravel in clay 44 
Gravel - - - - - - - - - 16 
Shell - - - - - - - - - 8 
Gravel in clay - - - - - 14 
Hard clay - - - - - - - 6 
Gravel in clay - - - - - 10 
TOTAL DEFTH 

(C-5-4)3ldb 
Sand and gravel - - - - 25 
Clay and boulders - - - 20 
Fine sand - - - - - - - 20 
Fine gravel - - - - - - 15 
Coarse gravel - - - - ~ 12 
Clay - - - - - - - - - ~ 53 
Fine sand (water-bearing) 30 
Sandy clay - - - - - - - 50 
Fine sand - - - - - - - 10 
Sandy clay - - - - - - - 235 
Clay (hot mud) - - - - - 410 
Cemented clay - - - - - 20 
Coarse sand - - - - - - 5 
Hard clay - - - - - - - 215 
Hard clay and rock - - - 50 
Sand - - - - - - - - - - 15 
Sand and rock - - - - - 25 
Rock - - - - - - - - - - 49 
Clay with gravel - - - - 12 

5 
12 
36 
40 

236 
242 
286 
302 
310 
324 
330 
340 
340 

25 
45 
65 
80 
92 

145 
175 
225 
235 
470 
880 
900 
905 

1120 
1170 
1185 
1210 

. 1259 
1271 

Rock - - - - - - - - -
Clay and gravel - - - -
Rock - - - - - - - - -
Clay and gravel - - - -
Red rock - - - - - - -
Clay and gravel - - - -
Light rock - - - - - -
Clay and gravel - - - -
Quartz rock - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Cemented gravel - - - -
Clay - - - - - - - - -
Boulders in clay - - -
Clay and gravel - - - -
Boulders in clay - - -
Clay and gravel - - - -
Rock - - - - - - - - -
Clay - - - - - - - - -
Hard rock - - - - - - -
Clay - - - - - - - - -
Rock - - - - - - - - -
Clay - - - - - - - - -
Rock - - - - - - - - -
Clay - - - - - - - - -
Rock - - - - - - - - -
Clay - - - - - - - - -
Rock - - - - - - - - -
Clay - - - - - - - - -
Rock - - - - - - - - -
Sand - - - - - - - - -
Clay - - - - - - - - -
Rock - - - - - - - - -
TOTAL DEPTH 

(C -6-6)4aa 
Soil 
Caliche - - - - - - - -
Fine dry sand and 

packed gravel - - - -
Caliche - - - - - - - -
Conglomer ate - - - - -
Red clay - - - - - - -
Quicksand - - - - - - -
Red clay - - - - - - -
Fine sand - - - - - - -
Red clay and sand - - -
TOTAL DEPTH 

13 
23 
5 

10 
9 

24 
6 

32 
5 

18 
11 
18 
20 

9 
21 
15 
20 
25 
13 
33 
11 

9 
19 

7 
17 

9 
8 

13 
14 
6 

18 
8 
6 

4 
20 

So 
15 
64 
15 
5 

19 
27 
25 

12 84 
1307 
1312 
1322 
1331 
1355 
1361 
1393 
1398 
1416 
1427 
1445 
1465 
1474 
1495 
1510 
1530 
1555 
1568 
1601 
1612 
1621 
1640 
1647 
1664 
1673 
1681 
1694 
1708 
1714 
1732 
1740 
1746 
1746 

4 
24 

74 
89 

153 
168 
173 
192 
219 
244 
24L!. 
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Well 
no. 

( C-2-5) 
35ac 

( C- 3-4) 
bdb 
8bd 
2lbb 

( C-l+-.4) 
4aa 

( C-4-b) 
c<jaa 

( C-5-4-r-
3ldb 

{ C-5-b) 
2db 

(C-6-~ 
4aa 

( C-1-52 
6aa 

( C-8-5) 
2bd 

Table 33.--Analyses of water from representative wells in Gila Bend basin, Maricopa County, Ariz. 
(Parts per million except specific conductance and percent sodium) 

-· 
Date Depth Specific Cal- Mag- Sodium Bicar- Sul- Chlo- Fluo- Ni- Dis- Total 

of (feet) conduct- cium ne- and bonate fate ride ride trate solved hardness 
collec- ance (mi- ( Ca) sium potass- (Hco

3
) ( S04) ( Cl) (F) (No3) solids ~,s CaC03 

tion cromhos (Mg) ium 
' ®250 c.) (NafK) 

4-g-46 400 3. 770 202 71 503 257 327 945 o .7 5-7 2,180 796 

5-27-46 530 2,680 - - - 233 - 645 - - - -
5-27-46 370 2,860 - - - 256 - 690 - - - -
4-10-46 300 2,690 134 46 361 186 205 660 1.1 11 1,510 524 

5-27-46 640 2,780 - - - 240 - 660 - - - -
4-12-46 340 3. 720 135 62 580 230 280 965 2.7 5.4 2,140 592 

2-5-46 1, 746 1,850 22 1.6 365 47 130 465 6.9 8.8 1,060 62 

4-l0-46 418 1,680 50 g.4 293 191 92 382 2.6 2.9 926 164 

4-10-46 280 3,460 118 39 565 2)6 181 915 2.3 5-9 1,g4o 1155 

1-31-46 290 1, 200 23 4.4 227 107 124 236 6.g 2.0 676 76 

1-31-46 495 724 36 18 102 - _3_Q}_ 3_4 32 0.4 68 440 164 
- - ----- - - -

Per-
cent 
so-
dium 

58 

-
-

60 

-

68 

93 

80 

73 

87 

57 
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Well 
no. 

( C-2-5) 
35ac 

( C- 3-4) 
bdb 
Bbd 
21bb 

( C-4-4) 
4aa 

( C-4-b) 
c:Jaa 

( C-2-4) 
31db 

{ C-5-6) 
2db 

(C-Er-~ 
4aa 

( C-1-5l 
6aa 

( C-8-5) 
2bd 

--

Table 33---Analyses of water from representative wells in Gila Bend basin, Maricopa County, Ariz . 
(Parts per million except specific conductance and percent sodium) 

--

Date Depth Specific Cal- Mag- Sodium Bicar- Sul- Chlo- Flue- Ni- Dis- Total 
of (feet) conduct- cium ne- and bonate fate ride ride trate solved hardness 

collec- ance (mi- ( Ca) sium potass- (Hco
3

) ( so
4

) ( 01) (F) (No 3) solids ~.s CaC03 
tion cromhos (Mg) ium < 

@25° c.) (NafK) 

4-g-46 400 3.770 202 71 503 257 327 945 o .7 5-7 2,180 796 

5-27-46 530 2,680 - - - 233 - 645 - - - -
5-27-46 370 2,860 - - - 256 - 690 - - - -
4-l0-46 300 2,6go 134 46 361 186 205 66o 1.1 11 1, 510 524 

5-27-46 640 2,780 - - - 240 - 660 - - - -

4-12-46 340 3. 720 135 62 580 230 280 965 2.7 5.4 2,140 5g2 

2-5-46 1,746 1,850 22 1.6 365 47 130 465 6.9 8.8 1,060 62 

4-10-46 418 1,680 50 g.4 293 191 92 382 2.6 2.9 926 164 

4-10-46 280 3,460 118 39 565 2)6 181 915 2.3 5.9 1,940 455 

1-31-46 290 1, 200 23 4.4 227 107 124 236 6.g 2.0 676 76 

_].-31-~6 49_5 724 36 18 102 303 34 32 0.4 68 440 164 
- -

Per-
cent 
so-
diu.rn 

58 

-
-

60 

-
68 

93 

80 

73 

87 

-51_ 
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WELLTON-MOHAWK AREA, YUMA COUNTY 

By D. G. Metzger 

Introduction 

Location 

The Wellton-Mohawk area occupies about 700 square miles and extends 
from Dome upstream along the Gila River for a distance of about 40 miles 
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(pl, 24). It lies entirely within Yuma County, The area is bounded on the east 
by the Mohawk Mountains; on the west by the Gila Mountains; on the north by 
the Muggins and Castle Dome Mountains; and on the south by the Wellton Hills, 
the Copper Mountains, and an arbitrary line extending northeast from the 
Copper Mountains to the town of Mohawk. The area is partially separated in-

to two valleys by the Baker Peaks and Antelope Hill, 

Climate 

According to a 43-year record of the U. S, Weather Bureau, the average pre­
cipitation at Mohawk is 4,43 inches Per year. The m:?an annual temperature is 
74 .2° F., and the frost-free season is more than ll months . 

Geologv 

Mountains, desert plains, and the flood plain and terraces of the Gila River 
constitute the land forms in the Vl ellton- Mohawk area. The Gila River and its 
tributary washes drain the area. 

The rock units exposed in the Wellton- Mohawk area are : (1) Pre-Cambrian 
gneiss, schist, and granite; (2) Tertiary (?) red beds; (3) Tertiary and Qua­
ternary volcanic rocks; and (4) Tertiary and Quaternary alluvium. Of these, 
the first three are essentially non-water- bearing in the area, and their water­
bearing properties are not discussed further in this report. 

Pre- Cambrian gneiss, schist, and granite are exposed in all mountain ranges 
in the Wellton- Mohawk area. Although all the granite is assigned to the pre­
Cambrian, some may be Mesozoic or Tertiary in age (Wilson, 1933, p. 185) . 

Tertiary (?) red beds crop out in Antelope Hill, Baker Peaks, and the Mohawk 
Mountains. The rocks are arkosic, consolidated sandstones and conglomerates 
(Vi!ilson, 1933, pp, 150, 169). The red beds are regarded as older than the Ter ­
tiary volcanic series because they contain no lava fragments. Bryan (1925, p. 62) 
describes the Baker Tanks in the Tertiary (?) red beds as "a group of potholes 
and plunge pools in a stream channel along the southwestern flank of Baker 
Peaks." 

Tertiary volcanic rocks are exposed in the Muggins and Castle Dome 
Mountains. The volcanic series "consists of several hundred feet of flat-lying 
to gently-dipping, well-stratified tuffs, breccias, agglomerates, and lava flows" 
(Babcock, Brown, and Hem, 1947, p. 4). The Quaternary volcanic rocks are re­
presented by isolated outcrops of highly vesicular, dark-colored basalt in the 
Castle Dome Mountains and at Signal Butte . 
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The sediments exposed near Dome and in the Muggins Mountains, between 
the two outcrops of volcanic rocks, occur as a thick series of light-colored, 
locally stratified clay and silt, These sediments are part of the older alluvial 
fill. They may be related in age to the marine sediments of Miocene or Plio­
cene age exposed along the Colorado River (Wilson, 1933, pp, 31-32). 

The alluvial fill in the area includes materials of Tertiary and ·Quaternary 
age. The older part of this series has been designated as "older alluvium," the 
younger part as "Recent alluvium." Well logs show that the older alluvium is 
composed of two general lithologic units, The upper unit is about 200 feet thick 
and is composed of lenses of silt, sand, and gravel. The lower unit is of much 
greater thickness and is predominantly clay. The Recent alluvium underlies the 
flood plain of the Gila River, and contains the principal aquifers in the area. It 
is about 100 feet thick, 2 to 4 miles wide, and is composed of unconsolidated 
gravel, sand, and silt. 

Wellton-Mohawk Project 

Public Law 2 72 limits the lands in the area to be supplied with Colorado 
River water to 75,000 acres. The area being developed by the U. S. Bureau of 
Reclamation extends from the vicinity of Dome upstream to Texas Hill, 3 miles 
east of the eastern boundary shown on plate 24. By September 1952 part of the 
canal system had been completed and some Colorado River water was being 
brought into the area. More acreage will be supplied as the canals and pumping 
stations are completed, and it is planned that a total of 75,000 acres will be 
irrigated by 1960. Assuming a duty of water of 5 to 6 acre-feet per acre per 
year, about 400,000 acre-feet of water will be applied to the lands annually after 
the project is completed. This will have a marked effect on the ground-water 
resources of the area, as explained in the following sections. 

I 

Ground-wateir resources 

Occurrence arid movement 

Wells in the older alluvium are reported to yield 500 to 1, 000 gallo'ns per 
minute from the sand and gravel of the upper 200 feet . . Wells in the Recent al­
luvium yield from 600 to 4,000 gallons per minute, In ,1946 all irrigation water 
was derived from wells in the Recent alluvium. · 

. The movement of ground water in 1946 (Babcock, Brown, and Hem, 1947, 
· pl. 1) was generally westward, down the valley of the Gila River. There were 

variations in this trend near Roll and Wellton, where pumping had altered the 
gradients. Sufficient water-level measurements were not made in 1952 to pro­
vide a basis for plotting contours of the water table. 

Recharge 

Recharge to the alluvial fill is from the following sources: (1) Runoff in the 
Gila River and its tributaries; (2) irrigation; and (3) underflow of the Gila River 
into the area. 
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Percolation to the ground-water reservoir by runoff from rainfall is one of 
the principal sources of recharge in the Wellton- Mohawk area. Babcock, 
Brown, and Hem ( 1947, p. 8) state that most of the runoff in the smaller washes 
disappears by seepage into the stream-bed materials, and that surface flows 
seldom reach the Gila River. Data on runoff in washes are not available and 
therefore no figure for recharge from this source can be provided. Surface flow 
in the Gila River occurs at infrequent intervals. Seepage losses from surface 
flow percolate readily down through the coarse sand and gravel of the river 
channel to the water table. There is believed to be little recharge to the ground­
water reservoir -directly from rainfall on the valley floor (Turner and others, 
1943, p. 35) . 

Recharge to the ground-water reservoir from irrigation seepage in 1944-45 
was estimated to be about 25 percent of the water applied to cultivated areas 
(Babcock, Brown, and Hem, 1947, p. 8). Applying this estimate to 1951 pump­
age, the recharge from this source in 1951 was more than 10,000 acre-feet. 
The amount of recharge from irrigation seepage will increase as more land is 
supplied with water from the Wellton- Mohawk canal. It is anticipated that by 
1960, about 400,000 acre-feet of water will be applied annually to the land. If 
25 percent of this water is recharged, the amount from this source will be about 
1oo:ooo acre-feet per year. 

Underflow of the Gila River into the Wellton-Mohawk area was estimated to 
be 5,000 acre-feet per year in 1947 (Babcock, Brown, and Hem, 1947, p. 8) . 

Discharge 

Ground water is discharged from the area by pumping for irrigation and by 
natural means . 

The amount of water · pumped from irrigation wells in the area in the period 
1945-51 is shown in figure 22. The land now under cultivation is within the 

_Wellton- Mohawk Project, and ·therefore pumping for irrigation will decrease as 
more land is supplied with project water. It is expected that the water table 
will rise owing to seepage from irr.i gat ion, and that ground water will have to 
be pumped for drainage purposes. · 

Natural discharge includes transpiration and evaporation of ,ground water in 
areas of dense growth of natural vegetation along the river channel, and an 
estimated 1,000 acre-feet per year of underflow out of the area through the 
narrows near Dome. There was practically no natural discharge of ground wa­
ter by surface flow out of the area during the period 1941 to September 1, 1951. 

Provisional stream-flow records for the period September 1, 19 51, to 
September 1, 1952, are as follows: 

1951 
Month 

September 
October 
November 
December 

Discharge in acre - feet 

6,040 
24 5 

37 
25 
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1952 
Month 

January 
February 
March 
April 
May 
June 
July 
August 

Discharge, in acre-feet 

45 
15 
19 

145 
909 

0 
0 
0 

Natural discharge from the area will increase as construction of the Wellton­
Mohawk Project advances. When this increase will reach a maximum is not 
known. 

On the assumption that the water table will rise, the following generalizations 
can be drawn. Transpiration by phreatophytes and evaporation will increase. 
Annual underflow out-of the area, estimated to be 1,000 acre-feet (Babcock, 
Brown, and Hem, 1947, p. 10), will increase as the water table rises. Even tu­
ally the grcund -water reservoir will suppl y perennial surface flow fr:om the 
area . Drainage wells are planned, and if these wells are successful, part of 
the natural discharge by evapotranspiration will be minimized. 

Fluctuations of the water table 

There has been a slight downward trend of the water table in the area due to 
pumping dur ing the period 1945- 52 (fig. 22). The greatest decline was in the 
Roll area where about 10 feet was observed, an average of only 1.4 feet per year. 
Now that water from t he Wellton- Mohawk Project is reaching the area , it is ex­
pected that the water table will rise. 

Storage 

The amount of ground water in storage in the area is not known. Data are 
not ava ilable with which to determine the coefficient of drainage. The introduc ­
tion of surface water to the area will eliminate withdrawals of ground water for 
irrigation. Therefore, the need for a knowledge of the quantity of ground water 
in storage is less than in other parts of Arizona. 

Q.ualitv of water 

No samples of ground water have been collected in the area since 1946. The 
following is quoted from Babcock, Brown, and Hem . (1 947, p. 14): 

The ground water in the ·younger alluvial fill of the area is highly 
mineralized, and most of it is "injurious to unsatisfactory" for irri­
gation . One well in the area yielded water containing 22.4 tons of 
dissolved matter per acre -foot. Generally, wells in the older a lluvi ­
al fill yield water that is less highly mineralized than water from the 
younger fill. The most highly mineralized ground waters occur in the 
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irrigated district. Because only a small amount of dissolved salts 
can leave the basin, the concentration of dissolved matter in ground 
waters of the area is increasing. In one well, for example, the dis­
solved mineral content has increased 10 times since 1927 . 

A list of analyses of water from wells is contained in a report by Babcock and 
Sourdry (1948, pp. 37-39). 
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The introduction of surface water to the area will cause changes in the quali­
ty of the ground water. Initially there will be a dilution of the highly mineralized 
ground water, caused by recharge from irrigation seepage. Later, as the water 
table rises, evaporation and transpiration by phreatophytes will increase . 

Problems 

The principal ground-water problems that previously existed in the area 
were related to the undesirable quality of the ground water. After surface water 
is brought into the area to irrigate 75,000 acres, the principal problem is ex­
pected to be keeping the water table sufficiently depressed to prevent water­
logging of the irrigated lands. This problem has been anticipated, and the in­
stallation of drainage wells is planned as a part of the project . 

Summarv 

The Wellton-Mohawk area, Yuma County, Ariz., occupies about 700 square 
miles and extends from Dome upstream along the Gila River for about 40 miles. 

The alluvium ~ontains the only important aquifers in the area. The older 
alluvium is of Tertiary and Quaternary age and includes two general lithologic 
units--the upper 200 feet contains silt, sand, and gravel; the lower unit is of 
much greater thickness and is predominantly clay. The Recent alluvium under­
lies the flood plain of the Gila River and contains the best aquifers in the area. 

Public Law 272 limits the lands in the area to be supplied with Colorado 
River water to 75,000 acres. Upon completion of the project authorized by that 
law, about 400,000 acre - feet of water will be applied to the land annually . 

Wells are reported to yield 500 to 1,000 gallons per minute from the upper 
200 feet of the older alluvium. Wells in the Recent alluvium produce from 600 to 
4,000 gallons per minute. In 1946 all irrigation was from wells in the Recent 
alluvium. 

The movement of ground water is in _general westward, down the Gila River 
Valley, with variations in gradient caused by pumping near Roll and Wellton . 

Recharge to the alluvial fill is from runoff in the Gila River and its tribu­
taries, irrigation, and underflow of the Gila River. The amount of recharge by 
percolation of runoff from rainfall is unknown. Recharge from irrigation seep­
age in 1944-45 was estimated to be about 25 percent of the water applied to 
cultivated areas. In 1951 recharge from this source was estimated to exceed 
10,000 acre-feet. It is estimated that, upon completion of the Wellton-Mohawk 
Project, recharge from irrigation seepage may be about 100,000 acre-feet an ­
nually. In 1947 underflow of the Gila River into the Wellton- Mohawk area was 
estimated to be 5,000 acre-feet per year . 
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Ground water is discharged from the area by pumping for irrigation and by 
natural means. Pumpage in 1951 was 50,000 acre-feet. Pumpage for irriga­
tion will decrease as more land is brought under the project. It is expected 
that the water table will rise owing to seepage from irrigation, and that ground 
water will have to be pumped for drainage. Natural discharge includes trans­
piration and evaporation of ground water in the areas of dense growth of natural 
vegetation along the river channel. It also includes underflow out of the area 
through the narrows near Dome, which was estimated in 1947 to be 1,000 acre ­
feet per year . Natural discharge will increase as the water table rises. 

The ground water in the Tertiary and Quaternary alluvium is highly mineral­
ized. After completion of the project, t here is expected to be an improvement 
in the quality of the ground water because the water brought in will be of better 
qual ity. Later, as the water table rises, there may be an increase in mineral 
content caused by increased evaporation and transpiration. 
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RANEGRAS PLAIN AREA, YUMA COUNTY 

By D. G. Metzger 

Introduction 

This report is, for the most part, a condensation of a report previously is­
sued. The accompanying map (pl. 25) is a r evision of the map prepared for the 
previous report . 

Location 

The area discussed in this report is in northern Yuma County, Ariz., and is 
limited to the northern part of a valley known as the Ranegras Plain. The area 
is known locally as "the Bouse country." It is bounded on the north by the 
Bouse Hills, on the east by the Granite Wash Mountains, on the west by the 
Plomosa Mountains, and on the south by a line along latitude 33°40' (pl. 25) . 
Although the plain extends approximately 25 miles southeast of the area mapped, 
the southern boundary was chosen arbitrar~ly because there was no agricultural 
development south of the boundary . 

Climatological data 

No climatological data are available for the area, but U. S. Weather Bureau 
records have been kept at Salome (pl. 1) and Quartzite, communities about 25 
miles southeast and southwest, respectively. The climate of the region is 
char acterized by hot, dry summers and mild winters. The aver age annual pre­
cipitation at Salome and Quartzite is 8.56 and 6.04 inches, r espect ively (Metzger, 
1951, tables 1 and 2) . 

Agr icultural development 

Seventeen irrigation wells had been drilled by July 1952 , and approximately 
6,000 acres of land had been cleared. Of this total, 4,000 acres was under culti­
vation. 

Recor ds and drillers' logs of wells as of June 1949 are given in tables 3 and 
4 of the 1951 report . 

Field work 

The Geological Survey established a line of observation wells in the Ranegr as 
Plain area in 1949. Depth-to-water measurements have been m ade annually 
since that time. The area was visited in July 1952 to determine the amount of 
land under cultivation and the number of new wells drilled for irrigation, in order 
to bring plate 25 up to date . 
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Geologv 

The land surface of Ranegras Plain slopes gently northwest and is drained 
by Bouse Wash and its tributaries. The Granite Wash Mountains and the 
Plomosa Mountains have less relief on their eastern slopes than on their west­
ern slopes. The Bouse Hills are lower and less rugged than the other moun­
tains in the area. 

Faulting has been important in forming the mountains in the region. This 
faulting probably started with the earliest granitic intrusions and has continued 
until Recent time. Much of the recognizable faulting undoubtedly occurred dur­
ing Cretaceous and Tertiary time. The structural trend of the region is pre­
dominantly northwest and Ranegras Plain is elongated in the same direction. 

Rocks ranging in age from pre-Cambrian to Recent occur in the Ranegras 
Plain area. The rock units were discussed in the 1951 report. Only the 
alluvial fill, which yields water to wells for irrigation, is considered in this 
report. 

The older alluvium of Tertiary (? ) age is represented by clay and small 
amounts of sand and gravel encountered in drilling the deeper irrigation wells. 
The upper part of these sediments possibly may be of Pleistocene age but no 
fossils have been discovered in the alluvium. Lakes and playas are known to 
have existed in the Basin and Range Province during Pliocene (Knechtel, 1938, 
pp. 196-200) and Pleistocene (Meinzer, 1922, pp. 541-552) time, and it is 
probable that this concept applies to the older alluvium in Ranegras Plain. It 
is possible, however, that the sediments were deposited in an estuary. Marine 
sediments of Miocene or Pliocene age have been reported from various places 
along the Colorado Biver (Wilson, 1933, pp. 31-32). 

The Quaternary alluvium in the Ranegras Plain area generally does not 
exceed a few hundred feet in thickness. The sand and gravel of this alluvium 
constitute the best aquifers in the area. It is probable that the Quaternary 
materials were deposited either as alluvial fans or in erosion channels cut 
into Tertiary(?) alluvium. However, there is no topographic or geologic ex­
pression on the sur"face of the plain that indicates the presence of buried al­
luvial-fan deposits or channels. 

There is no indication that the Ranegras Plain ever was occupied by a major 
stream, and the alluvium probably was deposited by side washes that flowed 
only during periods of heavy rainfall. Where these streams emerged from the 
mountains and spread out upon the plain the velocity decreased, resulting in 
deposition of coarse materials in alluvial fans that were gradually extended -
some distance out from the mountains. The finer materials --clay and silt -­
were carried farther out and deposited near the center of the valley. 

The youngest Quaternary alluvium is Recent fill along Bouse Wash and 
Cunningham Wash and in the beds of the many washes extending from the moun­
tain fronts. The Recent alluvium is coarse and unconsolidated. It is through 
these deposits that the ground-water reservoir receives the largest recharge. 
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Ground-water resources 

Occurrence and movement 

Ground water occurs in both the Tertiary (?) and Q.uaternary alluvium that 
forms the valley fill of Ranegras Plain. The best aquifers are sand and gravel 
lenses of the Quaternary alluvium. The rock units of the mountain masses are 
considered of little value for the storage or transmission of ground water be­
cause the rocks are relatively impermeable and the units are discontinuous 
owing to faulting. Wells sunk along fracture zones may yield limited quanti­
ties of ground water. 

The water table in the alluvium forms a comparatively uniform surface. In 
most of the valley the slope of the water table is less than that of land surface, 
and the depth to water becomes progressively greater upstream and from Bouse 
Wash toward the mountains . 

The movement of ground water in the area is predominantly northwest. Some 
ground water enters the area from the northeast as underflow from Butler 
Valley. A ground-water barrier underlies Bouse Wash about 1 .1/2 miles north­
west of Bouse, and its presence is shown by an abrupt change in depth to water . 
The depth to water is 30 feet near Bouse and for 1 mile downstream. In the 
next mile the depth to water increases to more than 100 feet. 

Lines of equal depth to water in 1949 are shown on plate 25. Measurements 
in observation wells since 1949 show that cones of depression are forming be­
neath some of the cultivated areas. The cones have not yet spread sufficient­
ly to affect water levels in wells outside the irrigated areas . 

Recharge 

Recharge to the aquifers of Ranegras Plain is derived from the following 
sources: (1) Runoff from rainfall; (2) underflow from Butler Valley; and (3) 
seepage from irrigation. 

Bouse Wash, Cunningham Wash, and tributary washes from the mountains 
are ephemeral and flow only after a heavy rain or cloudburst. It is probable 
that the largest quantity of recharge to the ground-water reservoir is -derived ; 
from stream flow following these heavy rains. Babcock and Cushing (1942, 
pp, 49-56) made a study of recharge to the ground-water reservoir from a 
typical desert wash. They state: "about half of the flow of Queen Creek at the 
mouth of its canyon was recharged to the ground water.'' Little or no recharge 
is derived from rainfall on desert areas. The greater part of the rainfall ab­
sorbed by the soil is probably lost by evaporation and transpiration (Turner, 
1943, p, 42). 

It is not known how much underflow moves from Butler Valley into Ranegras 
Plain, but the quantity is believed to be small in comparison with the tqtal 
recharge, , 

The amount of recharge from irrigation is probably small at present because 
the soil is silty and only a relatively small amount of land is under cultivation. 

The estimated average annual recharge in Ranegras Plain is given in the 
1951 report as follows: "It may be as little as 5,000 acre-feet .... and it proba­
bly does not exceed 20,000 acre-feet per annum." 
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Discharge of ground water 

Discharge of ground water from Ranegras Plain is by pumping and by the 
natural processes of underflow and transpiration. 

The amount of ground water pumped for irrigation has not been determined 
but it probably will not exceed 20,000 acre-feet in 1952. 

Ground water is dischar ged by underflow over the ground-water barrier 
northwest of Bouse. The amount of ground water dischar ged due to transpi­
ration by mesquite is small because only near Bouse is the water t able suf ­
ficiently near the surface to support phreatophytes. 

Storage 

Data are not available for making an est imate of the quantity of ground water 
stored in the area. The first lar ge irrigation wells were drilled in 1948. There 
has been no opportunity to deter mine coefficients of drainage by pumping tests 
or by laboratory tests . 

Q.ualitv of water 

Data about the chemical quality of the ground waters in t he area indicate 
that the dissolved solids range from about 400 to about 3, 700 parts per million. 
T he more highly mineralized waters are near the center of the basin , and the 
less mineralized waters are near the r echarge areas . On the bas is of specific 
conductance and percent sodium, the waters near t he center of the basin r ange 
from permissible to unsuitable for irrigation use . Most of the ground waters 
analyzed were high in fluoride, r anging from 3.8 to 8. 9 parts per million. 
Dissolved s olids are discharged from the bas in in the surface flow and under­
flow of Bouse Wash. A more detailed discuss ion .of the chemical analyses of 
water from wells in R anegr as P la in was given in the 1951 report. A list of 
the analyses is contained in t able 5 of that r eport. No additional water samples 
have been collected for analys is since that time. 

Summarv 

T his report is, for the most part, a condensat ion of a r eport issued in 1951 . 
The area included in this inves tigation is the northern part of Ranegr as P la in, 
known locally as "the Bouse country." It is in northern Yuma Count y, Ariz . 

Ground water occurs in the Tertiary ('? ) and Quaternary alluvium that forms 
the valley fill. The best aquifer s are in the sand and gr avel lenses of the 
Quaternary alluvium. The Tertiary (? ) alluvium consis ts mostly of clay and 
other fine- gr ained materials. The movement of ground water is pr edominantly 
northwest. Some ground water, estimated to be small compared with the 
total rechar ge, enters the area from the northeast as underflow from Butler 
Valley. 

Rechar ge to the aquifers of Ranegr as Plain is derived principally from run­
off of rainfall. Discharge of ground water is princ ipally by pumping and by 
underflow out of the basin . The average annual recharge to the ground-water 
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reservoir may be as little as 5,000 acre-feet and it probably does not exceed 
20,000 acre-feet per year . 

The following is quoted from the summary of the 1951 report: 

The waters from wells in the flat lands near the center of the 
basin may be considered r'permissible to doubtful'' for irrigation 
use. The ground waters generally contain enough dissolved miner­
al matter to have a noticeable taste. Mo~t of the samples showed 
an excessive amount of fluoride which would cause mottling of 
tooth enamel in small children . 
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WILLCOX BASIN, COCHISE AND GRAHAM COUNTIES 

By D. R. Coates 

The geology and ground-water resources of the Willcox basin, Cochise and 
Graham Counties, have been discussed in a mimeographed report published 
by the Geological Survey (Jones and Cushman, 1947). This discussion draws 
in large part upon information contained in the report of 1947, although many 
new data on hydrologic conditions in the Willcox area are incorporated . 

Location and extent 

The Willcox basin, as here defined, is the northern part of an intermontane 
trough often referred to as the Sulphur Springs Valley. The basin extends 
from a drainage divide at the headwaters of Aravaipa Creek southward to a 
drainage divide among the buttes and ridges near the town of Pearce (pl. 26). 
Along the eastern side of the basin are the Pinaleno, Dos Cabezas, and Chiri­
cahua Mountains, and along the western side are the Winchester, Little 
Dragoon, and Dragoon Mountains. The valley of the basin ranges from 15 to 
35 miles in width, is about 50 miles long, and covers about 1,600 square miles . 
Although most of the basin is within Cochise County, approximately 300 square 
miles in the northern part is in Graham County . 

Geologv 

The Willcox basin is a broad, debris-filled valley that trends northwest and 
lies between two chains of maturely dissected fault-block mountains. The basin 
is unique among those discussed in the present report because it has no ex­
ternal surface drainage. Drainage is toward a large flat, known as the Willcox 
Playa, which occupies about 50 square miles south of the town of Willcox. At 
times the playa surface is dry and partly incrusted with white salts; at other 
times a shallow body of water derived from runoff covers the flat. Winds 
have deposited sand dunes along the north and east sides of the playa. The 
altitude of the valley floor in the Willcox basin ranges from 4,135 feet, on the 
playa, to about 4,500 feet, at the lowest point of the drainage divide at the 
headwaters of Aravaipa Creek . 

In general, the geologic history of the basin parallels that of other basins 
in southern Arizona, as discussed in Part I of this report. Those departures 
from the pattern of the region that are important in relation to occurrence of 
ground water in the Willcox basin are discussed below . 

During and after formation of the structural trough, thick deposits of alluvi­
urn were derived from erosion of the mountains. The earliest fill in the trough 
consisted almost entirely of volcanic debris. One or more lakes occupied the 
Willcox basin during the time that the upper parts of the valley fill were being 
deposited, and thick beds of clay were formed. Shore lines of the ancient lakes 
are still partly preserved in the form of beach ridges near the present-day 
playa. 

·After the bulk of the valley fill had accumulated, probably by early Qua-
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ternary time, basaltic lavas were extruded near the base of the mountains. 
These lavas are interbedded with the fill or lie on its surface. 

Rock types 

The oldest rocks exposed in the mountains surrounding the valley consist 
of schists and granites and are shown on the geologic map (pl. 26) as the 
crystalline and metamor'phic complex. The water- bearing characteristics 
of the crystalline rocks are dependent upon weathering and jointing. Small 
amounts of water from jointed granitic rocks have been obtained from wells in 
the village of Dos Cabezas. 

Conglomerate, quartzite, sandstone, shale, and limestone of Paleozoic and 
Mesozoic age constitute the older sedimentary rocks of the basin. These rocks 
occur in less than 5 percent of the total outcrop area of the mountains, dip --. 
in many directions, and are highly fractured. Water has been encountered in 
caves and in mine workings. Springs occur in the older sedimentary rocks 
in some localities. 

The areas shown on plate 26 as older volcanic rocks contain both explos ive­
ly extruded materials and lava flows. Andesitic and rhyolitic tuffs and ag­
glomerates are the principal pyroclastic rocks of the basin. The flow rocks 
range from basalts to rhyolites, although the basalts constitute only a minor 
part of the tota l. Small amounts of water occur along fractures and other open­
ings in the volcanic rocks. Several springs i.ssue from the pyroclastic rocks 
in the basin and supply water for stock use. 

Alluvial fills 

The Willcox basin has apparently been without exterior drainage during 
most or all of the time since the structural trough was formed, and lakes occu­
pied the lower parts of the basin. Clay and silt were deposited in these 
lakes, although exceptionally large floods deposited some gravel and sand 
lenses. These deposits of clay, silt, sand,and gr avel compr ise much of the old­
er alluvial fill. The alternation of beds is shown in logs of char acter istic 
wells (table 35) . 

Well (D-14-24)14b was reported to have penetrated clay from about 150 
feet to 720 feet. The well was abandoned at 720 feet without penetrating the 
full thickness of clay. Ground water under artesian pressure has been en­
countered in a few wells that have penetrated sand and gr avel lenses in the clay 
layers, particularly southeast of the Willcox Playa. Some of these wells have 
a flow of about 50 gallons per minute. 

The washes that enter the basin from the mountains are underlain by deposits 
of sand and gravel of Recent age, but their areal extent is small. Some do­
mestic and stock wells obtain water from these deposits. 

Ground -water hvdrologv 

In this report it is convenient to discuss ground -water conditions separate­
ly in the following three areas because of important inherent differences among 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• •• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

the areas: (1) The Stewart district, northwest of Willcox and generally re­
stricted to Tps. 12 and 13 s., R. 24 E.; (2) the Kansas Settlement area, about 
8 miles south of Willcox and included -in the eastern half of Tps. 15 and 16 S., 
R. 25 E.; and (3) the Willcox Playa . 

Occurrence 
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All the ground water that is pumped fol\' irrigation and most of the ground 
water that is pumped for domestic and stock uses is derived from. 0lde-r alluvi­
al fill, generally from depths of less than 150 feet below the land surface (pl. 
28). The aquifers are permeable lenses of sand and gravel, irregular but inter­
connected, and are interbedded with relatively impermeable layers of clay, 
silt, sandstone, and conglomerate. 

The depth to the water table in the Stewart district ranges from 30 to 100 
feet, and averages about 70 feet. In the Kansas Settlement area the depth to the 
water table averages about 40 feet. Water under artesian pressure is en­
countered in this area at a depth of about 400 feet. The pressure raises the 
water in wells about to the land surface, and some wells flow. Many of the 
irrigation wells in that area tap this artesian system . 

The shallowest depth to water is in the Willcox Playa, where the water 
table is within a few feet of the land surface. The fine-grained materials be­
neath the playa have low permeability and yield water to wells slowly. The lake 
beds near the Willcox Playa are largely clay and silt, but locally they include 
fingers of sand ·and gravel containing water under artesian pressure. The 
maximum depth at which water- bearing beds occur in the older fill is not 
known. Water in gravel was encountered at a depth of 3,2l5 feet below the land 
surface in well (D-15-26)19db, drilled as an oil test . 

Source and movement 

Recharge,--Water recharges the ground-water reservoir of the valley fill 
by seepage from the following sources: (1) Runoff at mountain fronts; (2) irri­
gation water; (2) precipitation on the valley floor. 

A generalized discussion of sources of ground water in southern Arizona is 
presented in Part I, "Regional hydrology." In the Willcox basin the ground 
water moves generally from the recharge areas toward the playa. However, 
near the surface drainage divides in the vicinity of Bonita and Pearce, some 
ground water moves out of the Willcox basin. 

Recharge occurs as seepage from runoff principally in the areas of coarse 
materials near the mountain fronts and is probably largest on the eastern side 
of the basin. Rainfall in the mountain areas on the eastern side of the basin 
averages about 22 inches and, on the west side, the average is less than 16 
inches. It is estimated that the amount of recharge from stream flow near the 
mountain fronts may be in the magnitude of 20,000 acre-feet annually . 

Studies in some areas of Arizona indicate that as much as 25 percent of the 
irrigation water applied to the land may recharge the ground-water reservoir, 
but it is believed that the percentage of such recharge in the Will cox basin 
may be much less. It is reported that moisture penetration tests ma:le in the 
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Douglas basin, immediately to the south, indicated maximum penetration of 
about 5 feet, even after excessive irrigation. In the Willcox basin the recharge 
occurring as seepage from irrigation water probably is less than 10 percent 
of the amount applied to the land, or in the order of 4,000 acre-feet in 1951. 

The surface of the Willcox Valley is made up in large part of relatively im­
permeable clay or of partly cemented older alluvium. Areas underlain by 
highly permeable Recent alluvium are small. It is cqncluded, therefore, that 
recharge by direct infiltration of rainfall is negligible. 

Discharge 

Ground water is discharged from the valley fill of the Willcox basin by 
natural means and by pumping from wells. Natural discharge occurs through 
evapotranspiration, springs, and movement out of the basin. Ground water is 
discharged from artesian and nonartesian aquifers through flowing and pumped 
wells. 

Natural discharge,-- Evaporation of ground water occurs in areas where the 
depth to water is shallow. Approximately 30,000 acres is underlain by shallow 
ground water in the vicinity of the Willcox Playa. In an earlier report (Jones 
and Cushman, 1947, pp. 13-14) it was estimated that the average depth to 
water beneath the playa was 5 feet, and that more than 10,000 acre-feet of 
ground water was evaporated annually from the area. Recent measurements 
in observation wells on the playa show that the water table is now 8 to 10 
feet below land surface. Evaporation of ground water from the area under 
present conditions is therefore probably reduced to a range of 5,000 to 10,000 
acre-feet per year. Some ground water may be evaporated from a shallow­
water tract in the extreme northern part of the basin, T. 10 S., R. 22 E. 

A few of the springs in the basin are probably caused by artesian leakage. 
More springs, however, issue at places where the water table intersects the 
land surface. Most of the water-table springs issue on the margin of the playa, 
and in the shallow-water tract in the northern part of the basin. Croton Spring, 
adjacent to the playa, in sec. 6, T. 15 S., R. 24 E., is the largest water-table 
spring in the basin. 

In the Willcox basin, grasses, brush, and me·squite may all be users of 
ground water. Mesquite is the principal plant that uses grbund water in the 
basin, and calculations of evapotranspiration are restricted to areas of mes­
quite growth. Transpiration by phreatophytes was estimated to be about 
85,000 acre-feet per year in 1946 (Jones and Cushman, 1947, p. 14) based on 
an acreage survey by Meinzer (191 3, pl. 1) and on rates of use determined in 
Safford Valley (Turner and others, 1941, p. 11). Field checks made in 1951 
by the author of this report indicate.that about 30,000 acres contain mesquite 
with areal density of 30-40 percent, in areas where the water table is less 
than 60 feet, which was assumed to be the maximum limit of root penetration. 
The amount of ground water used by mesquite in the basin is therefore as sum­
ed to be in the order of 10,000 to 15,000 acre-feet a year. 

The following localities appear from surficial inspection to be avenues 
through which ground water might move out of the basin; (1) Northward 
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through bhe allp.vial divide near_Bonita;= (2) eastward between the Pinaleno and 
Dos Cabezas Mountains; (3) southward among the buttes and ridges near -
Pearce; and (4) westward between the Winchester and Dragoon Mountains . 

The ground-water contours (pl. 27) show, however, that there is no move­
ment from the main ground -water body of the basin to areas outside the basin . 
Each of the avenues of movement crosses a surface drainage divide, and in 
each avenue it has been determined that the ground-water drainage divide is 
basinward from the surface-water drainage divide. Therefore, only there­
charge occurring between the ground-water drainage divides and the surface­
water drainage divides passes out of the basin through the previously mention­
ed avenues. The quantity of water recharged in the zones between the ground­
water divides and the surface-water divides, and that leaves the Willcox basin 
as underground leakage, is estimated to be of the order of 4,000 acre-feet per 
year . 

Discharg-e bv wells.-- Most of the water discharged from wells in the Willcox 
basin is used for irrigation (table 34). Lesser · amounts of ground water are 
withdrawn for municipal, industrial, domestic, and stock use . 

Wells for irrigation are located in three areas in the Willcox basin. In 
1951 about 1,000 acres was irrigated in the area southwest of Bonita, 11,000 
acres in the Stewart district northwest of Willcox, and 2,000 acres in the 
Kansas Settlement area southeast of Willcox. Rates of discharge from wells 
ranged from 130 to 1,300 gallons a minute, and the average discharge from 
81 wells measured in the spring of 1952 was 450 gallons per minute. Pump­
ing lifts range from about 80 to 145 feet. The irrigation wells yield an average 
of about 20 gallons per minute per foot of drawdown . 

The artesian wells in the Kansas Settlement area range in maximum rate 
of flow from 10 to 60 gallons a minute, but the flow diminishes during the 
season of heavy pumping. Many of the artesian wells are pumped to obtain a 
supply of water sufficient for irrigation. These wells range in rate of dis­
charge from 150 to 2,400 gallons a minute. The average discharge of six 
wells measured in the spring of 1952 was 1,060 gallons a minute. The wells 
yield as much as 80 gallons per minute per foot of drawdown . 

In 1951 a total of about 14,000 acres was irrigated by 38,000 acre-feet of 
ground water pumped from 170 wells. It is estimated that the total amount of 
ground water pumped from other wells throughout the Willcox basin aggregates 
about 1,000 acre-feet annually. This pumpage is distributed as follows: 

Municipal - - - - - -
Industrial - - - - - -
Stock and domestic 

Storag-e 

Acre-feet 
100 
400 
500 

The discussion of storage in Part I, "Regional hydrology" is not entire­
ly applicable to the Willcox basin. No attempt was made to estimate ' the 
latent storage, because of insufficient quantitative data . 
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Underlying storage was estimated only for the Stewart district. The area 
that was used in preparing this estimate is enclosed by an arbitr ary line 1 
mile outside the perimeter of the area irrigated. The area is estimated to be 
about 38,000 acres. Between land surface and a depth of 300 feet, there is in 
the distri.ct an average thickness of s aturated aquifer of about 230 feet. An 
average coefficient of drainage of 5 percent is assumed. On the basis of these 
estimates and assumptions, a bout 440,000 acre-feet of water may be in under­
lying storage in the Stewart district. 

T he amount of ground water in storage in the zone between the water table 
and a depth of 300 feet in the Kansas Settlement area is considered negligible 
because of the great thicknesses of clay and silt known to be present. The 
area obtains most of its ground water from deep artesian aquifers, the extent 
and characteristics of which are unknown. No estimate of storage has been 
made for the playa area because the thick clays of this area yield little water 
to wells. 

Fluctuations of the water table 

A comparison of depths to water il) 1910 (Meinzer and Kelton, 1913, pp. 
117-121), 1946, and 1951, shows that the water table has declined in most parts 
of the Willcox basin. The largest declines in the water table have occurred in the 
Stewart district. The water level in well (D-12-24)28bbb (fig. 23) near the 
center of this district, lowered about 18 feet in the period 1946-51, and the 
average decline in the district was about 10 feet. In the Kansas Settlement 
area, the water table has declined from 1 to 3 feet since 1946. Declines 
throughout much of the remainder of the basin were less than 2 feet in the 5-
year period. Data are inadequate to determine the trend in pressure changes 
in the artesian wells in the basin. . 

Water levels in some areas apparently have not yet been affected by the 
pumping! Wells (D -15- 25) 14ccd and (D-16-24)26ab (fig. 23) have maintained 
a nearly constant water level from year to year. 

Seasonal fluctuations of the water table caused by heavy pumping amount 
to as much as 12 feet, as is illustrated by the hydrograph for well (D- 13-24) 
2abb (fig. 23). Data from water-stage recorders on the playa indicate season­
al fluctuations of the water table of 1 to 2 feet. These fluctuations r eflect 
seasonal changes in r ates of evaporation, the maximum evaporation occurring 
during the summer. Local fluctuations of water levels in wells ar e caused 
by cones of influence spreading from discharging wells. The water level in 
well (D - 16-25) 14dda was drawn down 1. 7 feet after a well half a mile away was 
pumped for 2 days at a rate of 2,000 gallons per minute. 

Changes in storage 

Changes in ground-water storage at different places in the bas in are shown 
by the gr aphs of water - level fluctuat ions (fig. 23). The total volume of sediments 
that have been unwatered in the period 1946- 51 was computed as about 
1,150,000 acre-feet. Assuming a coefficient of drainage of 10 percent in the 
portion of the aquifer unwatered, some 115,000 acre-feet of water ha s been 
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withdrawn from storage in 5 years, or about 23,000 acre-feet annually. In 
the Stewart district the change in storage has been sUfficiently great to reverse 
the ground -water gradient and to start ground water moving northward from 
beneath the playa toward the large composite cone of depression underlying 
the district. Comparison of yields from ipdividual wells in 1946 and in 1952 
indicates a decrease of almost one-third. Changes in storage in the Kansas 
Settlement area are very slig.Qt. However, this area draws most of its 
ground water from artesian sources, and the effect of withdrawals upon storage 
in the artesian system may not be apparent for some time. 

It is concluded that pumpage and natural discharge in the Willcox basin dur­
ing the years 1946-51 have exceeded the annual increment of recharge to the 
basin, because the water levels in wells in some areas have shown net annual 
declines. Most of the declines have been the result of pumping for irrigation . 
Prior to irrigation from wells, the average annual recharge and discharge 
were in equilibrium. Pumping now exceeds natural withdrawals in discharg­
ing ground water. Not all of the pumpage comes from storage, as a part is 
the salvage of natural discharge. P umpage in the period 1946-51 averaged 
about 28,000 acre-feet annually, and therefore the draft on storage by pump­
ing was less, probably in the order of 20,000 acre-feet per year . 

Q.ualitv of water 

Table 36 lists characteristic analyses of ground waters in the Willcox basin . 
Analyses indicate that most of the waters of the basin contain dissolved solids 
ranging from 150 to 300 parts per million. These dissolved solids consist most­
ly of calcium, sodium, and bicarbonate . 

In a few localities, principally near the northern end of the basin, waters 
contain less than 100 parts per million of dissolved solids. The rriore highly 
mineralized waters in the basin are found near the playa. Water from Croton 
Spr ing (table 36) contains the maximum mineralization observed in the basin; 
the mineral content totals 2,940 parts per million and consists mostly of sodium 
and sulfate. 

Most of the ground water used for irrigation in the basin may be considered 
"excellent to good" for this purpose. Waters from a few local areas are suf­
ficiently mineralized to be classified as ((unsuitable" for irrigation. Criteria 
on which these classifications are based are explained in Part I of this report . 

Most of the ground waters of the basin are rather hard, but only a few waters 
contain enough dissolved matter to be unpleasant to the taste. Ground waters 
in the vicinity of the Willcox Playa are too highly mineralized to be satisfactory 
for domestic use. Many ground waters in the basin contain too much fluoride 
to be used by young children without risk of mottling of tooth enamel. The area 
of high fluoride concentration centers near the playa, and extends southward. 
Along the southern margin of the basin, east of Pearce, along the mountains on 
either side of the valley, and in the northern part of the basin, fluoride concen­
trations are gen(!lrally within the limits considered acceptable for domestic 
use . 
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Discharge of dissolved solids from the basin 

The Willcox basin is without exterior surface drainage. Dissolved matter 
is accumulating in the ground water and valley fill in the lower parts of the 
basin. The accumulation has been slow, probably because dissolved matter 
is only slowly being added to the ground water of the basin. The water table 
in the heavily pumped areas has been lowered sufficiently that some of the 
more highly mineralized water near the playa is moving toward the areas of 
water-table decline. This movement, if continued, will cause wells in those 
areas to yield progressively saltier water. 

A comparison of the analyses made during 1946 with those made in 1910 
indicates that changes in quality of water took place in the 26-year period. 
In most parts of the basin, changes were slight. A few wells in the areas of 
dilute water show slight decreases in concentration. On the other hand, waters 
from wells southeast of Willcox Playa showed some increase in mineral con­
tent. 

Problems and methods cf conserving or increasing ground-water supplies 

The principal ground -water problem in the Willcox basin is related to the 
abundance of phreatophytes, mostly mesquite, in the playa area. Elsewhere in 
this report it is estimated that about 30,000 acres near the playa is occupied 
by mesquite that is drawing upon the ground-water reservoir. 

The fact that the basin has no external drainage makes it exceptionally use­
ful as a type area for phreatophyte study. It should be possible to establish 
experiments under carefully controlled conditions, uncomplicated with prob­
lems r elated to through drainage, that would clarify such questions as: (1) 
The amount of water used annually by phreatophytes and evaporated from the 
playa; (2) the relative dependence of phreatophytes on ground water, precipi­
tation and flood runoff; (3) seasonal variations in use of water; and (4) the 
effect of evapotranspiration on increasing concentr ations of dissolved mineral 
matter in ground water . · 

Corollary studies by other agencies might develop suitable methods of 
eliminating the phreatophytes . The combination of investigations thus might 
result in development of methods that would salvage a large part of the ground 
water now used annually by phreatophytes. 

It is thought that results of such investigations conducted in the Willcox 
basin would be applicable in most or all of the other basins in southern Arizona, 
as well as in basins outside the State where conditions are comparable. 

Summarv 

The Willcox basin is part of a broad alluvium-filled northwest-trending 
valley that lies between two chains of mountains in southeastern Arizona. The 
basin has no through-flowing stream, but instead has interior d:t:ainage toward 
a' large flat known as the Willcox Playa. 

The basin has received large thicknesses of alluvium from the adjacent 
mountains. The earliest fill consisted almost entirely of volcanic debris. Later 
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sediments show that lakes or playas existed during long periods of time, and 
silts and clays were the principal sediments deposited during those periods. 
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The principal aquifers in the basin are lenses of sand and gravel in the val­
ley fill. Water in shallow aquifers in the valley fill generally is not under 
artesian pressure. However, the lake beds near the Willcox Playa include 
fingers of sand and gravel that contain water under artesian pressure . 

The ground-water reservoirs of the valley fill are recharged mostly by 
runoff across the coarse materials near the mountain fronts. Small recharge 
increments occur by direct precipitation on Recent alluvium, and from excess 
irrigation water that percolates into the saturated zone. Recharge is esti­
mated as roughly 25,000 acre-feet per year . 

Ground water is discharged from the valley fill by natural processes and 
by pumping from wells. Natural discharge is principally by evapotranspira­
tion, estimated to be 15,000 to 25,000 acre-feet in 1951. Ground-water with­
drawal by pumping is mostly for irrigation. The total pumpage in 1951 was 
about 39~000 acre-feet . 

Since 1946, the water table has generally declined throughout the basin. The 
largest declines occurred in the Stewart district, northwest of Willcox, where 
the maximum 5-year decline was 18.4 feet. The average yearly decline in the 
heavily pumped areas is about ·2 feet. The average amount of ground water . 
withdrawn from storage in the 5-year period, 1946-51, was about 20,000 acre ­
feet per year . 

Chemical analyses indicate that most of the waters in the basin, except 
those in the vicinity of the playa, contain only moderate amounts of dissolved 
matter. Ground waters pumped for irrigation generally are suitable for the 
crops grown in the basin. Most of the waters in the basin are hard. Waters 
north of Willcox do not contain harmful fluoride concentration, but waters in 
some other parts of the basin contain fluoride in objectionable amounts . 
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Table 34.--Reco.cds of rei:-resentative wells in Willcox basin, Cochise and Graham Counties, .Ariz. 

wa ter l evel 
Depth below Date of 

Well Depth of Diameter of land-surface measure- Type of Use of . Remarks 
no. well _(f eetJ well (in.) datum(feet )a/ ment lift b_l water c/ 

(D-ll-23) 
6ba . 1985 - - - - - Log, table 35. 

(D-12-24) . ........_ 
20bbb 233 16 - - T,E I Discharge, 615 gpm, 1951. 
28bbb - 6 81.27 l-29-52 c,w s Hydrograph, fig. 23. 
29baa 166 16 - - T,E I Discharge, 1?80 gpm, 1951. 
29cbd 94 16 - - T,D I Analysis, table 36. 
JJbbb 207 16 - - T,E I Discharge, 430 gpm, 1951. 
34cd 107 16 . - - T E I J.nP' tR.ble 3c;_ 

1'D-l3-24) 
2abb - 8 70.26 l-15-52 c,w D,S Hydrograph, fig. 23. 
5cdb 160 - - - T,E D,I Discharge, 250 gpm, 1951. 
l6bb 1356 16 r' - ... - - Log, table 35. 
l 8adb - - - - T,E I Discharge, 340 gpm, 1951. 
23bbb 62 10 - - T,E I Discharge, )CO gpm, 1951. 
25cc - 12 - - CJ..W s Analysis. table 36. 

(D-13-25 ) 
Jdc 118 6 - - c .w s Analysis. table 36. 

(D-14-25) 
9dd 2360 - - - - - Oil test. Log. table 35. 

(D-15-24) 
oac - - - - - - Analysis. table 36. 

(D-15-25) 
l-29-52 Hydrograph, fig. 23. liiccd 38 8 30.90 - -

36cdd - - - - T.Bu I Discharge. lOSS gpm. 1951. 
(D-15-26 ) 

l9db 3285 - - - - - Oil test. Log. table 35 . 
·cn-16-24) 

26ab 26 - 22.97 l-31-52 c .w s Hydrograph, fig. 23. 
,.., ln ....... ........ +l.-.. .... .. ,... ...... __ ____ _ _ .J__....J -1-- , ..... ....J ..- .... -.t:" ..... .- ..... ..J ..... ..&- .... -"--- ----·· ..: -- -..:-+ 

§/T, turbine; c, cylinder; Bu, butane; G, gasoline; D. diesel; E. electric; w, windmill . 
£/I, irrigation; D, domestic; S, stock. 



Ta ble 34. --Records of representati vc wells in iVi llcox basin-:-- continued. 

\1/a ter level 
Dep th below Date of 

Well Depth of Diameter of land-surface measure- Type of Use of Remarks 
no. well (feet) well (in.) datum (fe e t)a/ ment lift "':J / . water iii_ 

(D-15=25) 
9ba 380 6 Flows - - I Analysis, table 36. 

llad d - - - - Bu I Discharge , 570 gpm , 1951. 
l3bbc 60 8 48.20 l-29-52 c, w D,S Hydrograph, fig. 23. 
l4dda 500 - d /36 - D I Discharg e, 250 gpm, 1g 51. 

(D--lb-28) 
7cad 295 6 255.11 1-30-52 C, W,G s Hydrog raph, fig. 23 . 

( D-17-25) 
l9dc 190 - - - c, w s Analysis, t able 36. 

~/ Reported. 

) ) ) 
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Table 35.--Logs of representative wells in Willcox basin, C~hise County, 
Ariz . 

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

Clay- - - - - - - - - 4 80 
(D-11-23) 6ba Gravel- - - - - - - - 4 84 

Soil and clay - - - - 40 40 Clay- - - - - - - - - 4 88 
\l{ater gravel- - - - - 20 60 Gravel- - - - - - - - 4 92 
Red clay- - - - - - - 100 160 Clay- - - - - - - - - 4 96 
water gravel- - - - - 20 180 Gravel - - - - - - - - 4 100 
Red clay- - - - - - - 6o 240 Clay- - - - - - - - - 16 n6 
vJater gravel- - - - - 20 260 Fine sand - - - - - - 4 120 
Red mud - - - - - - - 30 290 Clay- - - - - - - - - 12 132 
Sand and gravel - - - 10 300 TOTAL D.&PTH 132 
Red mud - - - - - - - 30 330 
Water gravel- - - - - 90 420 
Red clay with some (D-12-24) 32dd 

water- - - - - - - - 180 6oo Clay- - - - -- - - - 10 10 
Q,uick sand Sand- - - - - - - - - 10 20 

(160 ft. to water) - 30 630 Clay- - - - - - - - - 15 35 
Red rock- - - - - - - 20 650 Sand- - - - - - - - - 21 56 
Cavey sand- - - - - - 15 665 Clay- - - - - - - - - 19 75 
Red rock- - - - - - - 10 675 Sand- - - - - - - - - 4 79 
Cavey sand- - - - - - 15 690 Clay- - - - - - - - - 3 82 
Red rock- - - - - - - 320 1010 Sand- - - - - - - - - l.~ 86 
Yellow clay - - - - - 80 1090 Clay and sand - - - - 38 124 
Red rock- - - - - - - 10 llOO TOTAL DEPTH 124 
Yellow clay - - - - - 20 ll20 
Red rock- - - - - - - 60 ll80 
Yellow clay - - - - - 20 1200 (D-12-24) 34cd 
Red rock- - - - - - - 85 1285 Sand and clay - - - - 10 10 
Brown sand- - - - - - 50 1335 Sand and gravel - - - 6 16 
Gray sandy shale and Clay- - - - - - - - - 36 52 

clay - - - - - - - - 45 1380 Sand, water - - - - - 5 57 
Red sand- - - - - - - 40 1420 Gray sandy clay - - - 12 69 
Hard red rock - - - - 50 1470 Sand. and gravel - - - 9 78 
Sand, yellow clay - - 20 1490 Clay, yellow- - - - - ll 89 
Gray shale- - - - - - 20 1510 Sand and gravel , wate .Y. g 97 
Brown sandy shale - - 100 1610 Clay, yellow- - - - - 10 107 
Brown sand- - - - - - 375 1985 TOTAL DEPTH 107 
TOTAL Dl!:PTH 1985 

(D-13-24) 3bb 
(D-12-24) 28db Clay and caliche- - - 44 44 

Topsoil - - - - - - - 2 2 Gravel and sand, some 
Caliche - - - - - - - 1 3 clots of clay- - - - 16 6o 
Sand an'd clay - - - - 6 9 Clay, heavy - - - - - 2 62 
Clay- - - - - - - - - 49 58 Creek g ravel and sand 14 76 
Gravel and fine sand- 6 64 Small gravel and 
Gravel- - - - - - - - 4 68 water sand - - - - - 12 gg 

Clay- - - - - - - - - 4 72 Heavy clay- - - - - - 1 89 
Gravel- - - - - - - - 4 76 



Table 35--.:...Logs of representative wells in '\'iillcox basi~-continued. 

Thickness Depth Thickness Depth 
-------------------r~(_f_e_et~)--r~(f_e_e_t~1 -r-------------------+-~(fe~e~t~.) __ 1~t) 
Small gravel. and·. water Large gravel, water - - 3 319 
sand - - - - - - - - - 7 96 Fine sand and clay, v.rater 1 320 

TOTAL DEPTH 96 Gravel, 11rater - - - - - 4 324 

( D- 1)-24) l)bb 
Top so 11 - - - - - - -
Clay - - - - - - - - -
Gravel and sand, dry -
Clay - - - - - - - - -
Fine sand - - - - - - -
Coarse gravel - - - - -
Clay - - - - - - - - -
Sand and gravel - - - -
TOTAL DEPTH ' 

(D-13-24)16bb 
Top so 11 - - - - - - -
Caliche - - - - - - - -
Yellow clay - - - - - -
Red clay - - - - - - -
Sand and gravel, water 
~andy clay - - - - - -
Clay - - - - - - - - -
Sandy clay - - - - - -
Sand, water - - - - - -
Packed sand - - - - - -
Sticky yellow clay - -
Sand, gravel, and clay, 
water - - - - - - - -

Fine gravel and sand -
Yellow clay - - - - - -
Sandy clay - - - - - -
Sticky blue clay - - -
Brov.rn clay with sand -
Sticky blue clay - - -
Brown sandy clay - - -
~and and gravel,water -
Sandy clay- - - - - - -
Sticky yello11r clay- - -
Sand, water - - - - - -
Gray shale- - - - - -
Brown sandy clay- - - -
Sand and gr avel, water 
Blue sandy clay - - - -
Fine gravel, water- -
Blue sandy clay - - - -

4 4 
20 24 
15 39 
15 54 
10 64 
20 84 
20 104 
6 110 

110 

3 3 
2 5 

13 18 
17 35 
5 4o 

4o 80 
3 83 

35 118 
3 121 

13 134 
6 140 

4 - 144 
6 150 
2 152 

15 167 
13 180 

8 188 
24 212 

6 218 
4 222 

21 243 
18 261 

4 265 
2 267 
5 272 
7 279 

23 302 
8 310 
6 316 

Blue sandy clay - - - - 8 3)2 
Sand, water - - - - - - 1 333 
Blue sandy clay - - - - 7 340 
Sand with little clay, 
water - - - - - - - - 3 343 

Dark brown sandy clay - 7 350 
Fine sandy gravel,water 11 361 
Blue sandy shale - - ~ 10 371 
Blue shale, hard- - - - 21 392 
Gray shale- - - - - - - 6 398 
Light gray shale- - - - 5 403 
Gray shale- - - - - - - 9 412 
Blue shale- - - - - - - 10 422 
Gray shale- - - - - - - 20 442 
Blue shale, sticky- - - 18 460 
Gray sandstone, hard- - 6 466 
Gray shale- - - - - - - 14 480 
Blue clay - - - - - - - 50 530 
Brown clay- - - - - - - 65 595 
Hard gray sand- - - - - 3 598 
Brown clay- - - - - - - 138 736 
Gyp sum... - - - - - - - - 3 7 39 
Brown clay- - - - - - - 156 895 
Brcwn clay and gypsum- 23 918 
Gray clay - - - - - - - 2 920 
Brown clay and gypsum- 2 922 
Dark brown clay - - - - 228 1150 
Brown clay and 
crystallized gypsum... - 4 1154 

Brown clay- - - - - - - 126 1280 
Sandy brown clay- - - - 10 1290 
Bro wn clay- - - - - - - 20 1310 
Dark brown clay- - - - 46 1356 
TOTAL DEPTH 1356 

( r-14-25)9dd 
Yellow clay and sand- -
Salt water sand - - - -
Yellow clay - - - - - -
Wate r sand- - - - - - -
Blue clay - - - - - - -
Sticky shale - - - - -
Lime shell- - - - - - -
Sticky shale- - - - - -

55 
13 
17 
5 

260 
100 

4 
31 

55 
68 
85 
90 

350 
450 
454 
485 



• #' 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Table 35·--logs of representative wells in Willcox basin-continued • 

Conglomerate - - - - - -
Yellow shale - - - - - -
Lirr:e shell - - - - - - -
Red bed and gravel - - 7 

Sandy lime - - - - - - -
Red mud- - - - - - - - -
Lime shell - - - - - - -
Red be~ - - - - - - - -
Sandy shale- - - - - - -
Lime shell - - - - - - -
Sandy shale- - - - - - -
Hard sand- - - - - - - -
Red bed and gravel - - -
Conglomerate - - - - - -
Fresh '"rater sand - - - -
Cemented gravel- - - - -
Red bed- - - - - - - - -
Cemented gravel- - - - -
Red bed- - - - - - - - -
Sandy gravel - - - - - -
Conglomerate- - -- -­
Red chalk- - - - - - - -
Sand and gravel- - - - -
Water sand - - - - - - -
Lime shell - - - - - - -
Sandstone- - - -
Conglomerate - -
Yello'IJr clay- - -
Sandstone- - - -
Sandy lirre - - - - - - -
Sandstone- - - - - - - -
Conglomerate - - - - - -
Sandstone- - - - - - - -
Sandy 1 i rr:e - - - - - - -
Sandstone- - - - - - - -
i>l'at er sand - - - - - - -
Conglomerate - - - - - -
Yello'IJr clay and gravel -# 

Lime shell - - - - - - -
Yellov1 clay and gravel -
Red sandstone and clay -
Hard coarse sand - - - -
Congllmerate- -- -
~uicksand and gravel, 

flo"Vring hot water - - -
Brown sand rock- - - - -
Yello'IJr clay and gravel -
Hard, sharp sandstone- -

Thickness 
(feet) 

25 
5 
4 

41 
8 
8 
4 

33 
5 
3 
9 
5 

10 
100 

15 
100 

10 
26 
10 
10 

109 
37 
53 
10 

5 
15 
55 
10 
10 
11 
7 

35 
9 
8 
5 

15 
25 
5 

10 
10 
30 
20 
35 

15 
15 
45 
10 

Depth 
(feet) 

510 
515 
519 
560 
568 
576 
580 
613 
618 
621 
630 
635 
645 
745 
760 
860 
870 
896 
906 
916 

i025 
1062 
1115 
1125 
1130 
ll45 
1200 
1210 
1220 
1231 
1238 
1273 
1282 
1290 
1295 
1310 
1335 
1340 
1350 
1360 
1390 
1410 
1445 

146o 
1475 
1520 
1530 

Thickness 
(feet) 

Yellow clay and gravel­
Hard brown sand - - - -
Yello'lr conglomerate - -
Pink sand - - - - - - -
Yellow clay and grave]... 
Hard red sand - - - - -
Yello'lr clay and gravel­
Pink sandstone- - - - -
Red sand rock - - - - -
Brown shale and sand- -
Red sand- - - - - - - -
Blue a.nd bro~.-m shale- -
Blood-red sandstone - -
Red ~.-rater sand- - - - -
Brown san~ - - - - - -
Yellow sand - - - - - -
Red sand- - - - - - - -
Bro'lrn sandstone - - - -
Water seepage - - - - -
Brown sandstone - - - -
Sand and gravel,~.-rater -
Red and brown sandstone 
Sand and shale- - - -
Red sand and gravel - -
TOTAL DEPTH 

( D-15-26) l9db 
Yello'lr clay - - - - - -
White shale - - - - - -
Water sand- - - - - - -
Yellow clay - - - - - -
Clay- - - - - - - - - -
Gravel- - - - - - - - -
White and yellow clay -
Red shale, sandy- - - -
Soft red shale- - - - -
Red shale and gypsum- -
Red shale - - - - - - -
Hard shells - - - - - -
Red shale - - - - - - -
Hard shells and gypsum­
Red shale - - - - - - -
Gyp sum- - - - - - - -
Red shale and sand- - -
Gypsum shells and red 
shale- - - - - - - -

Gravel (water)- - - - -

30 
15 
55 
15 
5 

10 
5 

15 
105 

25 
20 
10 
45 
20 

105 
55 
5 

100 
3 

62 
15 
50 
4o 
20 

4o 
43 
20 

2 

5 
15 
25 
15 
15 
70 

5 
5 
5 

18 
4 
8 

10 

50 
5 

Depth 
(feet) 

l5b0 
1575 
1630 
1645 
1650 
1660 
1665 
1680 
1785 
1810 
1830 
1840 
1885 
1905 
2010 
2065 
2070 
2170 
2173 
2235 
2250 
2300 
2340 
2360 
2360 

4o 
83 

103 
105 
no 
125 
150 
165 
180 
250 
255 
260 
265 
283 
287 
295 
305 

355 
360 



Table 35·--Logs of representative ~~rells in i.tlillcox basin-continued. 

Red sand and gr a vel 

Thickness 
(feet) 

( 1'rat er) - - - - - - - - 38 
Gr a.vel (water)----- 2 
Red sand and gravel 

( water) - - - - - - - - 8 
Hard shell, very sharp 

(water) - - - - - - - - 4 
Gravel and boulders- - - 7 
Sand and gravel, very hard 166 
Sandy shale,very sticky 5 
Pink sandy shale - - - - 25 
Red sandy shale- - - - - 20 
Pink sandy shale and 

gravel- - - - - - - - - 30 
Red a nd pink sandy shale 

with streaks of gr avel 30 
Pink sandy shale and 

gravel - - - - - - - - 5 
Sandy gravel with pink 
shale bricks - - - - - 15 

Pink shale and sandy 
gravel - - - - - - - - 4o 

Pink shale and gravel - 50 
P'ink shale very sticky - 35 
Pink shale - - - - - - - 16 
Pink shale, sand and 

gravel, soft - - - - - 24 
Pink shale and sand - - 60 
Pink shale - - - - - - - 15 
Pink shale very sticky - 60 
Pink shale - - - - - - - 30 
P ink shale, s ti cky 20 
Pink shale, sandy - - - 35 
Red sand - - - - - - - - 2 5 
Very hard brown gravel - 15 
Brown sand and gravel - 90 
Shale, sand and gravel - 15 
Hard brown gravel - - - 5 
Sand and gravel - - - - 10 
Brown samd and gravel - 40 
Brown s ~.cl, water - - - 10 
Brown sand - - .....-- - - - 15 
:Brown s Emd, hard - - - - 15 
Brown sand with hard 

shells - - - - - - - - 25 
:Brown sand and ohale - - 20 
Sand, gravel, and shale 10 
Shale, red - - - - - - - 13 

Depth 
(feet) 

398 
4oo 

4o8 

412 
419 
585 
590 
615 
635 

665 

695 

700 

715 

755 
805 
840 
856 

880 
940 
955 

I015 
1045 
10 65 
1100 
1125 
114o 
1230 
1245 
1250 
l2tO 
13CO 
1310 
1325 
1340 

1365 
1385 
1395 
1408 

-!---
Sticky red shale- - - -
Red shale - - - - - - -
Sand and shale­
Red shale - -- -
Gyp SUID- - - - -

Red shale - - -
Gyp SUID- - - - - - - - -

Gypsum ~.orith gray shale­
Q,uicksand, da rk bro wn, 

water- - - - - - - __ 
Gypsum and gr ay sha le -
Red s a nd- - - - - - - -
White shale - - - - - -

Thickness 
(feet) 

2 

5 
15 

5 
25 

5 
75 
48 

4 
6 

22 
6o 

Conglomera te- - - - - - 10 
Yellow conglo mera te - - 60 
Red conglomer a te- - - - 25 
Gray conglomerate,s a ndy 13 
Red conglc,merate - - - 10 
Gray conglomera te, hard 45 
Dark gray water sand - 32 
Dark gray gr i t with s~a! 
p articles of bentonit~ 30 

Gray grit with gray shale 
streaks - - - - - - - 70 

Gray sand, hole full of 
water - - - - - - _ _ ~ 

Gray shale with streaks 
of sand - - - - - - - 15 

Dark gray sand - - - - 5 
Gray sand - - - - - - - 10 
Gray shale with sand - 8 
Gray sand - - - - - - - 42 
Sand,water - - - - - - 20 
Gray sand, very fine - 20 
Water sand gray, hard 

and very fine - - - - 15 
Gray sand, soft - - - - 35 
Dark gray sand - - - - 40 
Gray sand - - - - - - - 10 
Pink shale and sand - - 1~ 
Shale streaks in gray 

sand - - - - - - - - - 10 
Gray sand:; hard - - - - 60 
Hard gray sand, water - 5 
Gray sand - - - - - - - 30 
Gray sand and red shale 5 
Gray sand - - - - - - - 23 
Dark brown sand, very hard 12 

Dep th 
(feet) 

14,10 
1415 
1430 
1435 
146o 
1465 
1540 
1588 

1592 
1598 
1620 
1680 
1690 
1750 
1775 
1788 
1798 
1843 
1875 

1905 

1975 

1980 

1995 
2000 
2010 
2Gl8 
2060 
2080 
2100 

211~ 
2150 
2190 
2200 
2215 

222 5 
2285 
2290' 
2320 
2325 
2}48 
2360 
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Table 35.--Logs of representative wells in Willc ox basin--c ontinued • 

Thickness Depth Thickness Depth 
---------------4~(•=f~e~.~(~f_e_e_t\+; +-------------------+-~(~feet ) ~.t ) 

Dark brown sand with 
brown shale streaks -

Dar k brown sand, very 
hard - - - - - - - -

Brown sand - - - - - -
Red sandy lime - - - -
Brown sandy lime, very 
hard at bottom - - -

Brown sandy lime - - -
Red volcanic mud and 

cinders - - - - - - -
Red volcanic mud - - -
Red sand and shale - -
Grey sand with small 

showing of lime - - -
Brown sand - - - - - -
Grey sand - - - - - -
Red shale with sand 
shells - - - - - - -

Red sandy shale and 
shells - - - - - - -

Red sandy lime, hard -
Red sandy lime, very 

hard - - - - - - - -
Red sandy lime, hard -
Brown shale and very 
hard shells - - - - -

Red shale and shells -
Red mud with very thin 

hard shells - - - - -
Red mud with brown 

hard shells - - - - -
Red mud with thin hard 

shells - - - - - - -
Red mud with hard 

brown shells - - - -
Water in brown grit -
Brown grit - - - - - -
Brown sand and shells 
Brown shale and shells 
Brown sandy lime, hard 
shells - - - - - - -

Brown shale - - - - -
Hard brown sand - - -
Brown shale - - - - -
Brown sandy lime - - -
Brown shale with thin 

hard shells - - - - -

20 

15 
20 
10 

45 
25 
23 

52 
20 
15 

2$ 

20 
20 

15 
20 

15 
10 

30 

20 

25 

90 
10 
10 
20 
5 

25 
15 
5 

10 
30 

25 

2380 

2395 
2415 
2425 

2450 
2475 

2520 
2545 
2568 

2620 
2640 
2655 

2680 

2700 
2720 

2735 
2755 

2770 
2780 

2810 

2830 

2855 

2945 
2955 
2965 
2985 
2990 

3015 
3030 
3035 
3045 
3075 

3100 

Brown sandy lime - - -
Brown shale and thin 
hard shells ·· - - - - -

Brown sandy lime - - -
Red limey shale - - - -
Red shale with lime- cov-

ered brown boulders -
Red gravel, water 110° F. 
Red shale - - - - - - - -
Red shale and gravel -
Red shale and gravel 

mixed with brown gravel 
Red shale and gravel -
Red lime - - - - - - -
TOTAL DEPTH - - -

25 

25 
15 
15 

35 
15 .. 
20 
5 

15 
5 

10 

3125 

3150 
3165 
3180 

3215 
3230 
3250 
3255 

3270 
3275 
3285 
3285 

------------1-----1---
(D-l6-25)lcd 

Soil - - - - - - - - -
Clay and caliche - - -
Clay - - - - - - - - -
Sand - - - - - - - - -
Clay - - - - - - - - -
Gravel - - - - - - - -
Clay - - - - - - - - -
Conglomerate - - - - -
Clay - - - - - - - - -
Sand and gravel - - - -
TOTAL DEPTH 

3 
ll 
39 
o.5 
4.5 
6 

26 
10 
33 
3 

3 
14 
53 
53.5 
58 
64 
90 

100 
133 
136 
136 

-----·---------------+---------~------
(D-16-25) 9~ 

Soil - - - - - - - - -
White caliche - - - - -
Brown clay - - - - - -
Red sand - - - - - - -
Brown clay, some gravel 
Sand and gravel - - - -
Hard sand rock - - - -
Brown sticky clay, no 
sand or gravel - - - -

Sand - - - - - - - - -
Sticky brown clay - - -
Sand - - - - - - - - -
Brown sticky clay - - -
Hard sand - - - - - - -
Brown sticky clay - - -
Hard sandstone or shale 

5 
15 
45 
4 

34 
6 
l 

8 
3 

14 
6 

75 
4 

18 
l 

5 
20 
65 
69 

103 
109 
110 

118 
121 
135 
141 
216 
220 
238 
239 



Table 35.--Logs of representative wells in v/illcox basin-continued, 

'Thickness 
(feet) 

Brown clay - - - - - - -
white caliche, lots of 

gravel - - - - - - - -
V/hite and brown clay - -
Sandy brown clay - - - -
Gray sand, water rose to 
within 5' of ground 
surface - - - - - - - -

Red sand. Flowed 35 gpm 
5" ft. hard brown clay, I 
then water-bearing graY, 
sand - - - - - - - - -

TOTAL DEPTH 

(D-16.-25) lOdd 
Clay - - - - - - - - - -
Pine sand - - - - - - -
Clay - - ..., - - - - - - -
Sand - - - - - - - - - -
Clay - - - - - - - - - -
Sand and gravel - - - -
Clay - - - - - - - - - -
Clay and gravel mixture 
Clay - - - - - - - - - -
Sand - - - - - - - - - -
Clay - - - - - - - - - -
Sandy silt ..., - - - - - -
Clay - - - - - - - - - -
Sand - - - - - - - - - -
Clay - - - - - - - - - -
TOTAL DEPTH 

(r-l6.-25)23ad 
Topsoil · - - · - - - - - ~ 
Gravel - - - - - - - - .. 
Clay - - - - - - - - - -
Clay, gravel - - - - - -
Sand \-rith little water -
Clay - - - - - - - - - -
Gravel - - - - - - - - -
Clay - - - - - - - - - -
Gravel and sand - - - -
Clay - - - - - - - - - -
TOTAL DEPTH 

19 

19 
30 
ll 

5 

27 
30 

55 
10 

3 
9 

25 
4 

24 
10 
25 
4 

17 
2 

38 
g 
2 

4 
8 

15 
10 
3 

1~ 
11 

3 
35 

Depth 
(feet) 

258 

277 
307 
318 

323 

350 
380 
380 

55 
6:; 
68 
77 

102 
106 
130 
140 
165 
169 
186 
188 
226 
234 
236 
236 

4 
12 
27 
37 
4o 
55 
59 
70 
73 

1o~· · 

108 

Thickness 
(feet) 

( D-17-25 )9bc 
Clay ------ ---- 54 
Sand and gravel - - - - - 26 
Clay -- -- - - - - - - 16 
Sand --- -- - - - - - 2 
Clay --- - - - -- - - 14 
Sand -- - -- - - - - - 3 
Clay -- -- - -- -- - 15 
TOTAL DEPTH 

Depth 
(feet) 

54 
so 
96 
98 

112 
ll~ 
130 
130 
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Well 
no. 

(D-12-24) - 28db 
29cd 
32dd 

(D-13-24) 
23bb 
35ca 

(Il-13-22) 
3da 

(Il-15-24) 
6ac 

)ldd 

(Il-lb-25) 
9ba 

16ad 
(D-17-25) 

l9dc 
-

Table 36.--Analyses of water from repre sentative wells and springs in Willcox basin, Cochise County, 
Ariz. (Parts per million except sp·ecific conductance and percent sodium) 

Specific 
conduct- Mag- Sodium 

Date of ance (micro- Cal- ne- and Bicar- Sul- Chlo- Fluo- Ni- Dis-
collection Depth mhos at ciurn siurn potassium bonate fate ride ride trate solved 

(1946) (feet) 2500.) ( Ca) (Mg) (Na-1-K) (HC03) ( S04) ( Cl) (F) (N03) solids 

4-5 132 212 21.~ 4.0 19 120 6.2 6.0 0.8 2.2 121 
' 6-11 94 362 42 6.9 17 112 7.0 46 0.4 5.8 180 

4-5 124 319 34 8.0 25 136 15 24 0.4 13 186 

3-27 50 476 47 6.4 48 204 31 30 0.8 4.8 268 
2-28 54 8$.7 44 10 144 274 63 117 2.2 3-7 519 

~ 

2-20 118 470 37 14 
\ 

42 190 18 28 0.6 32 265 

0 ,------.._ '455' 2-14 a/ 2550 12 3-7 5_53 367 251 ( 16 1.6 1510 
do. "§:.I 4260 66 38 904 378 1250 ( 46"0 9-3 1.8 2940 

-
5-14 380 301 32 3-1 27 85 6o 11 0.8 1.0 177 
5-21 - 667 - - - 264 - 20 2.7 - -

2-28 190 415 53 8.0 27 198 22 23 0.6 4.8 236 

r r~ 
(/ 

~e;_ 

fVIJ 3.7 
tA 12-

"vt&..~ rs- 3 rL . 
.\<. - - 'vvW' f j'- ' ~ 

0 

~ -~>C+ 

~ 
't fo, ~; s s :5 :.- cs- {. ":[ - t' \0"""' ~ 

Total 
hard- Per-
ness cent 
as so-

Caco 3 diurn 

76 35 
134 21 
118 32 

144 42 
151 67 

150 38 

45 96 
320 86 

93 39 
- -

165 26 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Well 
no. 

(D-12-24) - 28db 
29cd 
32dd 

(D-13-24) 
23bb 
35ca 

(D-13-22) 
3da 

(D-15-24) 
6ac 

31dd 

(D-16-25) 
9ba 

16ad 
(D-17-25 ) 

19dc 
-

Table 36.--Analy ses of water from repre sentative wells and springs in Willcox basin, Cochise County, 
Ariz. (Parts per million except specific conductance and percent sodium) 

Specific 
conduct- Mag- Sodium 

Date of ance (micro- Cal- ne- and Bicar- Sul- Chlo- Fluo- Ni- Dis-
collection Depth mhos at cium sium potass ium bonate fate ride ride trate sol vod 

(1946) (feet) 25oc.) ( Ca) ( Mg) ( Na-1-K ) (Hco 3) ( S04) ( Cl) (F) (N03) solids 

4-5 132 212 21.~ 4.0 19 120 6.2 6.0 0.8 2.2 121 
' 6-ll 94 362 42 6.9 17 112 7.0 46 0.4 5.8 180 

4-5 124 319 34 8.0 25 136 15 24 0.4 13 186 

3-27 50 476 47 6.4 48 204 31 30 0.8 4.8 268 
2-28 54 8~7 44 10 144 274 63 117 2 . 2 3·7 519 

~ 

2-20 118 470 37 14 
\ 

42 190 18 28 0.6 32 265 

!/2~ ~ 2-14 a/ 2550 12 3-7 553 367 16 1.6 1510 
do. a/ 4260 66 38 904 378 r 1250 J 460 9·3 1.8 2940 

·-
5-14 380 301 32 3·1 27 85 6o 11 0.8 1.0 177 
5-21 - 667 - - - 264 - 20 2.7 - -

2-28 190 415 53 8.0 27 198 22 23 0.6 4.8 236 

p p""""" 
(/ 

4-t;.. 
n; 3. 7 
tA 12-

1-t"-~ rs 3 t-L. · 
1<- -- .,.,.,.,fj._ ~ 

~ --11'~ + 

'6ft.,~/ s .r-:; :... 
..t 

S""'2. ~-l't0"'""' ~ 

Total 
hard- Per-
ness cent 
as so-

Caco 3 dium 

76 . 35 
134 21 
118 32 

144 42 
151 67 

150 38 

45 g6 
320 86 

93 39 
- -

165 26 
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DOUGLAS BASIN, COCHISE COUNTY 

By D. R . Coates 

Location and extent 

The Douglas basin, as described in this report, is a part of a large north­
west -trending structural valley known as the Sulphur Springs Valley. The 
basin is separated from the Willcox basin ·on the north (pl. 29) by the surface­
water drainage divide formed by a series of buttes and ridges, the most promi­
nent of which are Six-mile Hill, Township Butte, and Turkey Creek Ridge; on 
the east by the Chiricahua, Pedregosa, and Perilla Mountains; on the south by 
the International Boundary; and on the west by the Mule and Dragoon Moun­
tains. The basin is about 40 miles long, 30 miles wide, and includes an area 
of about 1, 200 square miles. The alluvial basin ranges in altitude from about 
4,400 feet in the vicinity of the drainage divide in the north to about 3,900 feet 
at the International Boundary. 

The discussion presented here precedes a more complete report on the 
geology and ground -water resources of the basin, which will be released later . 

Land forms and drainage 

The valley floor slopes basinward from the mountains on the east and west 
and from the northern drainage divide southward into Mexico. Low ridges 
project into the valley from the mountains on the east side of the basin. In 
places these projecting ridges are partially buried by alluvium, leaving the 
exposed portions as rock islands in the valley floor. The Swisshelm and 
Perilla Mountains partially separate two small valleys frbm the main basin . 

The basin is drained by Whitewater Draw and its tributaries. 'Whitewater 
Draw heads in the Chiricahua Mountains and enters the main part of the val­
ley around the northern end of the Swisshelm Mountains . The channel loses 
its identity in the cultivated lands northeast of Elfrida, but reappears south­
west of the town, and trends southward into Mexico. Whitewater Draw is a 
perennial stream in the 2-mile reach immediately north of the International 
Boundary. This surface flow is caused by the stream channel intersecting the 
water table . 

Geologv 

The gener?-lized discussion of geology as given in Part I, "Regional geology, " 
is applicable to the Douglas basin. The geology of the Douglas basin will be 
discussed as it relates to the storage and transmission of ground water. The 
extent of the rocks in the area and their general water- bearing character are 
shown on plate 29 . 

Hard rocks of the area 

Crvstalline and metamorphic rocks.--Crystalline and metamorphic rocks are 
exposed in the Mule and Swisshelm Mountains, and in some of the small hills 
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at the northern end of the basin, and they compose much of the rocks exposed 
in the Dragoon Mountains. These rocks are predominantly schist and granite 
of various compositions, and supply limited amounts of water to wells in the 
basin. The town of Courtland is reported to have pumped about 15,000 gallons 
per day for several years from weathered zones in granite. 

Older sedimentarv rocks.---Older sedimentary rocks are present in all the 
mountain areas. Along the mountain front on the eastern side of the valley, 
they yield water in sufficient quantity for domestic and stock wells. These old­
er sedimentary rocks not only are present in the mountains but also underlie 
some of the valley fill. An oil test (D-22-27)5b penetrated 1,600 feet of valley 
fill and entered a shaly limestone in the older sedimentary rocks. At about 
2,270 feet below the land surface, water was encountered in limestone and had 
sufficient artesian pressure to cause the well to flow at the rate of about 100 
gallons per minute. 

Volcanic rocks . --The Chiricahua Mountains are almost entirely volcanic, 
consisting of explosively erupted and lava -flow materials. Thin beds of sand­
stone are inter bedded with some volcanic rocks and suggest that volcanic 
activity was occasionally interrupted long enough to permit deposition of sedi­
ments. In general these older volcanic rocks are poor aquifers. At least two 
periods of Quaternary volcanic activity occurred. Some flows are at the land 
surface east of the City of Douglas. Other flows interbedded with the valley 
fill have been encountered at depths greater than 300 feet, as shown by the log 
of well (D-24-27)15baa (table 37) and logs of other wells. 

Alluvial fill 

Older fill.- -The older fill is known to be at least 1, 600 feet thick (table 37) 
and thins from the axis of the basin toward the mountain fronts. Drillers' 
logs indicate a high ratio of clay and silt to sand and gravel in this older al­
luvium. Clay and silt form as much as 80 percent of the. total material pene­
trated in many wells. Caliche and gypsum layers were reported in many well 
logs. Although the alluvial fill in general has low permeability, it forms the 
ground-water reservoir from which all irrigation wells in the basin withdraw 
water. Wells drilled in the valley between the Chiricahua and Swisshelm 
Mountains encountered as much as 1,100 feet of alluvium. 

Recent fill.--Recent fill is found in the channels of Whitewater Draw and its 
tributaries. It is the source of water for stock and domestic wells in moun­
tain canyons. The thickness of known Recent fill ranges from a few inches to 
30 feet or more. No distinction has been made between Recent fill and older 
fill on plate 2 9. 

Ground water 

Occurrence 

Ground water in the Douglas basin is found in the poorly consolidated and 
unconsolidated valley fill of the basin trough. The principal aquifers are in 
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the older fill and consist of sand and gravel lenses interbedded with clay and 
silt. These aquifers are generally interconnected and form a common ground­
water reservoir. 

The depth to water in the valley fill (plate 29) ranges from near land sur­
face in the vicinity of Whitewater Draw near the International Boundary to more 
than 470 feet in the northeastern part of the basin and upland areas. In the ir­
rigated areas along the axis of the valley, the depth to water ranges from 25 to 
125 feet and the water in the shallow aquifers is not under artesian pressure. 
Most of the irrigation wells obtain water from nonartesian aquifers at depths 
less than 600 feet. The greatest depth at which an aquifer was encountered in 
the older fill was in a well in sec. 14, T. 24 S., R. 27 E. Water-bearing sand 
and gravel was penetrated between 1,046 feet and the bottom of the well at 
1,095 feet. A water-bearing sand was encountered between 990 and 1,012 feet 
in well (D-21-25)ld. Other deep wells in the City of Douglas area have encoun­
tered water under pressure in aquifers at depth. In several wells the pressure 
was great enough to cause the water to flow to the land surface. The yield 
from these deep aquifers is not known, but it is believed that their permeabi­
lity is low. 

pepth-to-water measurements reveal an important difference between the 
occurrence of water on the east side of the basin and that on the west side . 
On the east side of the valley the depth to water increases away from White­
water Draw. When depths of from 200 to 250 feet are reached, an abrupt 
change in the depth to water occurs. East of this area, the depth to water is 
generally less than 70 feet. This sharp break in depth to water is believed to 
be due t_o a pediment The ped:ime.nt. is· co-vered by' a veneer of. alluvium whkh, in 
places, is too thin to provide space for the storage of ground water. West of 
Whitewater Draw the depth to water becomes progressively greater until the 
water table abuts against the hard rock of the mountain front . 

Source and movement 

The discussion of sources of ground water in Part I, 11Regional hydrology," 
is applicable to the Douglas basin . 

It can be seen from the ground-water contours in plate 30 that the general 
movement of ground water in the basin is from the recharge areas near the 
mountains toward the axis of the valley a.nd thence southward. Some ground 
water moves toward the interior of the basin among the buttes of Turkey Creek 
and Ash Creek Ridges. The steepest s'lopes of the water table are from the 
sides of the valley toward the axis. Near the axis of the valley the slope of the 
water table is about 10 feet per mile southward. The changes that have occurred 
since 1913 in slope of the water table in the vicinity of the irrigated areas can 
be attributed to the pumping from wells . 

Recharge 

The principal source of recharge to the ground-water reservoir of the 
Douglas basin is runoff emerging from the mountain areas and flowing onto the 
coarse valley fill near the mountain fronts or in wash channels underlain by 
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coarse sediments. The general pattern consists of washes emerging fr9m 
the mountains, yet not maintaining a well-defined channel to Whitewater Draw, 
which attests to the water - absorbing character of the Recent valley fill in 
these areas. A large part of the water that percolates into these coarse sedi ­
ments finds its way to the water table. On the basis of rainfall-runoff-recharge 
relationships, described in Part I of this report, it is estimated that the aver­
age recharge from this source is of the order of 20,000 acre-feet per year. 

Only the precipitation that falls, or runs off in the Recent alluvium of the 
wash channels, is believed to reach the water table as recharge. The area of 
Recent alluvium in wash channels is small and, therefore, the amount of re­
charge in this manner is small. 

The large percentage of clay in the soils and the presence of caliche layers 
near the land surface effectively retard the downward percolation of irrigation 
water applied to the land . It was reported that several moisture-penetration 
tests made by the Soil Conservation Service after excessive irrigations showed 
no increase in water content of the soil below a depth of 5 feet. It is believed 
that the amount of deep perco_lation from irrigation water is small, probably 
not much greater than 5 percent. 

It has been determined from ground -water contours (pl. 30) that the surface­
water drainage divide at the northern boundary of the basin does not coincide 
with the ground-water divide, but is basinward from the ground-water divide. 
Therefore, recharge occurring in the area between these divides will move 
toward the Douglas basin. The amount of water moving into the Douglas basin 
in this manner has been estimated to be in the order of 2, 000 acre -feet per year. 

Dischar ge 

Natural means. --The discharge of ground water by evaporation is depend­
ent on the water table being within 10 feet of the land surface. Such areas 
in the Douglas basin are limited to the channel of Whitewater Draw near the 
International Boundary and in some washes in mountain canyons. Because 
these areas are small, it is estimated that the discharge by evaporation is 
negligible. 

The potential phreatophytes of the basin are mesquite, salt bushes, and some 
grasses. Of these plants, probably only mesquite is capable of obtaining ground 
water from depths exceeding 10 feet. On the basis of use of water by phreato­
phytes in other areas of southern Arizona, it is estimated that the total use of . 
ground water by all phreatophytes in the Douglas basin does not exceed 15,000 
acre-feet annually. The estimate included determination of areal extent of 
phreatophytes on the basis of aerial photographs, field studies to determine 
plant density, and depth-to-water measurements to aid in approximating the 
annual use in acre-feet per year per acre of 100 percent density. 

The only ground waters discharged to areas outside the basin are as surface 
flow and underflow to Mexico. Records of surface flow in Whitewater Dr aw 
show that about 300 acre-feet of ground water is discharged annually in this 
manner. Da ta are inadequate with which to determine the amount of underflow 
from the basin, but it is believed to be relatively small. 
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Wells.-- Most of the artificial discharge in the Douglas basin is pumpage 
from irrigation wells (pl. 31). Smaller amounts of ground water are pumped 
from municipal and industrial wells. Minor ground-water withdrawals are 
made for stock and domestic use throughout the valley. Although deep ar­
tesian conditions exist in certain localities the pressures are not sufficient 
to supply water without pumping. 
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Ground water has been pumped in the basin for irrigation since 1910. Prior 
to 1939 pumpage for irrigation probably did not exceed 5,000 acre-feet annually . 

A notable increase in the amounts of ground water used for irrigation is re­
vealed by the following: 

Year 

1945 
1946 
1947 
1948 
1949 
1950 
1951 

Pumpage 
(acre-feet) 

8,000 
12,500 
17,000 
22,000 
30,000 
35,000 
38,000 

In 1951 a total of 14,000 acres (pl. 31) was irrigated from about 270 wells . 
Municipal and industrial pumpage amounted to about 3,000 acre - feet in the same 
year. 

Irrigation wells (table 37) in the Douglas basin range in diameter from 6 to 
20 inches and in depth from 50 to more than 600 feet. The rate of discharge 
ranges from 80 to 1,500 gallons per minute and averages 380 gallons per min- . 
ute. The discharges from irrigation wells range from 3 to 100 gallons per 
minute per foot of drawdown, with an average specific capacity of 12. Pumping 
lifts average about 100 feet, with a range from 50 feet near Whitewater Draw 
to more than 165 feet in wells west of Douglas and east of McNeal. The depth 
to the nonpumping water level in irrigation wells ranges from 25 feet to 125 
feet and averages 50 feet . 

Storage 

\Alater-level fluctuations 

Net declines or rises of water levels in wells indicate changes in underground 
storage. Figure 24 shows graphs of water-level fluctuations in selected wells 
in the basin. Wells (D-l9-26)26aba, (D-20-26)llddd, (D-20- 26)33add, and 
(D-2l-26)24bab, show that fluctuations have been greatest in the irrigated areas 
near Elfrida and McNeal. Net declines of the water table in these irrigated 
areas (pl. 32) averaged about 7 feet for the period 1946-51, the maximum net 
decline being about 11 feet. In the irrigated area west of Douglas net water­
level declines ranged from 2 to 4! feet during the same period. In general, 
water-level declines caused by pumping for irrigation have not occurred in 
wells much beyond the fringe of the irrigated areas. Net declines of the water 
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table in the City of Douglas area have been less than those of the Elfrida­
McNeal area, as shown by the hydrographs (fig. 24) for wells (D- 23-27)27cdd, 
(D-24-27)3ccc, and (D-24-27)5bcc. 

Seasonal water-level fluctuations indicate local temporary changes in 
ground-water storage. Seasonal fluctuations in the basin are caused principally 
by cones of depression in the water table as they expand from pumping wells 
and are largest in the irrigated areas. Figure 24 shows seasonal fluctuations 
of as much as 12 feet in well (D-20-26) 11ddd. There is some evidence that in 
local areas the spread of the cones of depression is apparently slow. 

Changes in storage 

By using the water-table-decline map (pl. 32) it was calculated that about 
1,110,000 acre-feet of sediments was dewatered in the period 1947-51. Assum­
ing a coefficient of drainage of 8 percent, based on studies in other areas, the 
total amount of ground water taken out of storage in the last 5 years was 
88,000 acre-feet or an average of about 17, 000 acre-feet a year. 

Latent storage 

On the basis of calculations of the volume of saturated fill to a depth of 300 
feet below the land surface and an estimated coefficient of drainage of 8 percent, 
the quantity of ground water contained in the Douglas basin as latent storage 
was estimated to be less than 5,000,000 acre -feet. Data from well logs, well 
cuttings, pumping tests, and well discharges indicate that the mean coefficient 
of drainage for the alluvium in the valley may be as low as 4 or 5 percent. On 
the basis of a coefficient- of 5 percent, the quantity in latent storage was esti­
mated to be about 3,000,000 acre-feet. 

Underlying storage 

On the basis of the depth-to-water map (pl. 29), the average depth to water 
level in the basin was estimated to be about 60 feet. Inasmuch as the munici­
pal and industrial pumpage in the basin is appreciable, these are as have been 
included in the calculations for underlying storage. The total area for which 
the computation is made is about 72,000 acres. The amount of saturated sedi­
ments from the water table down to 300 feet below the land surface is esti­
mated to be about 17,500,000 acre-feet. Using the estimated 8 percent as the 
coefficient of drainage, it was computed that the amount of water in underlying 
storage in the sediments to a depth of 300 feet below land surface would be 
about 1,400,000 acre-feet. However, compaction and cementation of the allu­
vial fill increases with depth, resulting in a decrease of the percentage value 
for the coefficient of drainage. Therefore, the above estimate of underlying 
storage is high. Quantitative data are not available with which to establish the 
amount by which this estimate should be reduced. 

Qualitv of ground water 

Analytical data for water from 112 wells in the basin were used to determine 
the quality of the ground water in the Douglas basin. Table 39 lists the analyses 
of the waters from a few of these wells. 
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In general, waters in the basin are considered, by standards set forth in 
Part I, Quality of water., to be "excellent to good" for irrigation use. Waters 
from most of the wells sampled contain moderate amounts of dissolved solids 
ranging from 100 to 500 parts per million, only 14 of the wells sampled having 
waters that contained more than 500 parts per million. The dissolved solids 
are mostly calcium, sodium, and bicarbonate. Gypsum beds east of Douglas 
contribute calcium and sulfate to ground waters in that part of the basin. The 
ground waters of the _ basin have more than 100 parts per million of hardness 
as CaC03, except in the area just west of Douglas. Water of unusually low 
hardness is pumped by the City of Douglas from its wells west of town. The 
waters of the basin are generally good for domestic use except for moderate 
hardness and excessive amounts of fluoride in local areas. In a few places in 
the basin ground waters are too highly mineralized to be satisfactory for domes­
tic use . 

Problems 

The following factors must be determined more accurately before the ground­
water resources of the basin can be properly evaluated: 

1., Rates of infiltration in the coarse material along the mountain fronts 
and in wash channels, and from irrigated fields. 

2. Precipitation and runoff relationship in the hard-rock areas . 
3, Change in the coefficient of drainage with depth . 
4. Permeability of the alluvial fill in the vicinity of Douglas and the 

International Boundary, and underflow across the boundary. Deter­
mination of underflow cannot be made until the relation of the inter­
bedded basalt and valley fill has been determined with respect to 
movement of ground water. A corollary problem is the quality-of­
water anomaly--why large differences in quality of water occur in 
short distances. Solution of these problems will also aid in deter­
mining areas of highest well yield and best quality of water in the 
vicinity. -

5. Use of ground water by phreatophytes . 
6. Water- bearing character of the older sedimentary rocks underlying 

the alluvial fill. 

Summarv 

The Douglas basin is a part of a large northwest -trending valley in south­
eastern Arizona. The basin is bounded on the north by a series of low ridges, 
on the east and west by mountain ranges, and on the south by the International 
Boundary. The basin is about 40 miles long, 30 miles wide and includes an 
area of about 1,200 square miles. The drainage of the basin is southward into 
Mexico by Whitewater Draw and its tributaries. The hard rocks composing 
the mountains and ridges of the area are of the crystalline and metamorphic 
complex, older sedimentary rocks, and volcanic rocks. The older alluvial fill 
is known to be at least 1,600 feet thick. The Recent fill ranges in thickness 
from a few inches to 30 feet or more and is of small areal extent . 
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The older alluvial fill contains the principal aquifers in the basin and fur­
nishes water for irrigation, public supply, and industrial wells. Artesian 
aquifers are known to exist at depth in local areas but the character and ex­
tent of these aquifers is not known. 

The principal source of recharge to the basin is infiltration of runoff in 
the coarse sediments along the mountain fronts. It is estimated that about 
20,000 acre-feet of water is recharged to the reservoir annually from this 
source. 

The principal means of discharge from the ground-water reservoir is by 
wells. In 1951 about 270 wells furnished 38,000 acre-feet of water to irrigate 
about 14,000 acres ofland. In addition, municipal and industrial wells pumped 
about 3,000 acre-feet. 

This heavy pumping has resulted in an average net decline of the water table 
amounting to about 7 feet in the irrigated areas in the period 1946-51. On the 
basis of this decline, the average amount of water that has been withdrawn 
from underlying storage is estimated to be about 17,000 acre-feet per year 
in that period. 

Most of the ground water in the basin is "excellent to good" for irrigation 
use. The waters are generally also considered good for domestic use except 
for moderate hardness and excessive amounts of fluoride or dissolved solids 
in local areas. 

Further study is needed before it will be possible to evaluate fully the 
ground-water resources of the Douglas basin. 
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Table 37.--Records of representative wells and springs in the Douglas basin, Cochise County, Ariz. 

Water level I 

Well or Depth below Date of 
spring Depth of land-surface measure- Type of Use of Analysis Log on Remarks 

no. well (feet) datum (feet) a/ ment lift~/ water ~/ on file file 

(D-lS-24) 
I 

34cc d/ - 9/51 - s X i - Walnut Spring; discharge ! gpm. 
(D-lS-2b) 

2lddd 39 73.35 l/52 c,w s - -
(D-l9-2b) 

laaa - 124.03 3/51 c,w D, S - -
29bab ·- 43.36 l/52 T, E I - - Observation well. 

(D-19-29) In John Long Canyon; 
lOdd d/ - 10/51 - - X - discharge, 15 gpm. 
2ldc il - 10/51 - D X - Tributary of Rucker Canyon; 

discharge, 2 gpm. 
(D-20-24) 

2lca ~I - 9/51 - s X - Antelope Spring ; discharge ! gpm. 

(D-20-26) 
6aba 72 4g.6o l/52 T,E I X - Discharge, 610 gpm, measured. 

l6daa 130 48.23 l/52 T,E I - X Discharge, 520 gpm, measured. 
33add - 33 .. 73 l/52 T,E I - - Hydrog raph, fig. 24. 

(D-20-27) 
l3daa 6oo 31.90 l/52 T,E I - X Discharge, 270 gpm, measured. 

(D-21-25) 
ldd 1012 3· 77 3/52 c,w s - -

25aaa - 67.75 l/52 C, W D - -
(D-21-26) 

23ab 505 95-94 l/52 T,E I - X Discharge, 600 gpm, estimated. 
24bab 136 121.43 l/52 c,w D X - Hydrograph, fig. 24. 
26dcd 364 112.75 12/51 T,E D,I - X Discharge, 330 gpm, measured. 
23dcd 250 53.20 12/51 T,E I - X Discharge, 233 gpm, measured. 
~ '' - - - - -

b/ C, cylinder; T, turbine; G, gasoline; W, windmill; E, electric. 
c/ I, irrigation; D, domestic; S, stock; N, not used; Ind., industrial; P, public supply. 
]/ Spring. 



Tabl e 37 .--Records of r epresent ative we lls and spr i ngs in the Dougl as basin --continued . 

1tlater l evel 
1,voll or Depth below Date of 
spr i ng Dep th of l and-surfa ce measure- Typo of Us e of Anal ys i s Log on Remar ks 

no . w-e ll (f eet ) datum ( f eet )pt/ mont l ift b_/ water g) on fi l e fi l e 
( D- 21-27 ) 

2Sccc -· 222.81 12/51 c,w s - -

( D- 21-28) 
) baa 1517 800 - - - - X 

2lbc !l.l - 10/51 - s X - Leslie Spring ; discharge 60 g~m. 

f:D-22-2~ 
29bc !J. / - 9/ 51 - - X - In So to Canyon; discharg e 4i gpm . 

t D-22- 2bJ 
4dad 250 67 .72 12/51 T, G I - X Di schar ge , 170 gpm, measured. 

34ada 145 61.79 2/ 52 T,E I - - Discharge , 340 gpm, measur ed . 
(D- 22- 27) 

5b 4210 - - None N X - Discharge , 90 gpm , es timated; 
J il test hole . 

34cd 420 - - - - - X Discharge , 55 gpm , repo rted . 
( D- 23-26 ) 

laa 18 6 66 . 60 l/52 T, E I - - Discharge , 145 gpm, measured . 
( D-23- 27 ) 

23daa 197 179 .30 12/ 51 None H - -
1 D-23-28 ) -

30cc 230 193 . 03 12/ 51 C, \V D, S - -
( D-24-26) 

. 
bacc 210 184 . 68 l/ 52 c,w D - - Ob servation we ll. 

(D- 2W-27) 
3cdd 27 22 . 44 2/5 2 c ' ';l D, S X - Hydrogr aph , fi g . 24. 
5bcc 68 58 -37 l/5 2 c ' '\rl D, S X - Hydrograph, fig. 24. 

l Odb d/ - 2/ 52 - - X -
l Odbb 350 61. 0 2/ 52 T,.EJ p X - Discharge , 1000 gpm, reported. 
l 3bbd 250 101. 05 l /52 T,E Ind . - - Discharge , 150 gpm , reported . 
l5baa 450 62. 9 0 2/ 52 T, .l!.J Ind . - X Di schar ge , 950 gpm , reported. 

( D- 24-28 ) 
7abc 400 151.8 3 - --2/ 5_2 - T ,.EJ I - X 

-
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Table 38.--Logs of representative wells in Douglas basin, Cochise County, 
Ariz • 

--·----------·----------r.T~h~i~c~k~n-e-ss-r,D~e~~p7t~h-~~----·----------------~T~h~l~.c~kn--e_s_srD~e-p~t~h-

(feet) (feet) (feet) (feet) 
----------·--------+-~~~~.~~+-------------------------~-~~~ 

(D-20-26)16daa 
Soil and clay - - - - - 31 
Sand, water - - - - - - l 
Clay - - - - - - - - - 12 
Sand, water - - - - - - 6 
Clay - - - - - - - - - 12 
Sand, wat er - - - - - - 3 
Clay - - - - - - - - - 11 
Sand, water - - - - - - 3 
Clay - - - - - - - - - 10 
Sand and gravel - - - - 3 
Clay - - - - - - - - - 20 
Sand and gravel - - - - 2 
Clay - - - - - - - - 6 
Clay and gravel - - - 13 
TOTAL DEPTH 

31 
32 
44 
50 
62 
65 
76 
79 
89 
92 

112 
114 
120 
133 
133 

---------------------+--------+---~ 
(D-20-27)18daa 

Sand,-clay and boulders 86 
Sand - - - - - - - - - 2 
Clay - - - - - - - - - 434 
Granite - - - - - - - - 18 
Gravel - - - - - - - - 8 
Granite or blue quartz 22 
Gravel - - - - - - - - 6 
Granite - - - - - - - - 14 
Sand and gravel with 
gold-bearing quartz - 10 

TOTAL DEPTH 

86 
88 

522 
540 
548 
570 
576 
590 

600 
600 

------·----------------~--------+-·---
(D-2l-26)23abb 

Topsoil-:-: - - - - - - 5 
Caliche and clay - - - 10 
Clay - - - - - - - - - 77 
Sand, gravel, and water 2 
Clay - - - - - - - - - 14 
Gravel and water - - - 3 
Clay - - - - - - - - - 49 
Sand - - - - - - - - - 2 
Clay - - - - - - - - - 39 
Sand - - - - - - - - - 3 
Clay - - - - - - - - - 96 
Clay, tough and gravelly 30 
Clay, sticky - - - - - 16 
Gravel - - - - - - - - 4 
Clay - - - - - - - - - 20 
Clay - - - - - - - - - 63 

5 
15 
92 
94 

108 
lll 
160 
162 
201 
204 
300 
330 
346 
350 
370 
433 

Gravel - - - - - - - - - 4 
Clay - - - - - - - - - - 9 
Gravel - - - - - - - - - 3 
Clay ----------- ll 
Gravel - - - ------ ·-- 16 
Clay - - - - - - - - - - 6 
Gravel - - - - - - - - - 5 
Clay - - - - - - - - - - 5 
Gravel - - - - - - - - - 9 
Clay - - - - - - - - - - 4 
TOTAL DEPTH - -· - - - -

(D-21-26) 26dcd 
Topsoil, black - - - - - 4 
Rocks, grey clay , and 

conglomerate - - - - - 16 
Clay, red and hard - - - 50 
Clay, soft and sandy- - 16 
Sand and gravel, dry - - 6 
Conglomerate, light red 

and hard - - - - - - - 17 
Water - - - - - - - - - 6 
Clay, red and soft, and 

conglomerate - - - - - 41 
Water - - - - - - - - - 2 
Clay, grey, with hard 

and soft streaks - - - 28 
Conglomerate, light red 

and soft - - - - - - - 31 
Clay, grey and soft - - 3 
Conglomerate, light brown 

and hard - - - - - - - 35 
Water - - - - - - - - - 2 
Clay and conglomerate, 
grey and hard - - - - - 22 

Clay, hard , and in streaks, 
water rose 2 feet - 1 

Clay and conglomerate, 
grey and in streaks - - 58 

Water - - - - - - - - - 2 
Clay and hard conglomerate, 

grey and in streaks - - 24 
TOTAL DEPTH 

(D-2l-26)28dcd 
Topsoil - - - - - - - - 4 
Clay, small amount of wat ,er 
at 54 feet - - - - - - I 50 

437 
446 
449 
460 
476 
482 
487 
492 
501 
505 
505 

4 

20 
70 
86 
92 

109 
115 

156 
158 

186 

217 
220 

255 
257 

279 

280 

338 
340 

364 
364 

4 

54 



Table 38.--Logs of representative wells in Douglas basin--continued. 

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

--------------------~~--~-+~---~+-------------------------~~ 

Clay - - - - - - - - -
Clay - - - - - - - - -
Sand and gravel with 
water - - - - - - - -

Clay - - - - - - - - -
ClayJ jointed - - - - -
Clay, sandy with water 
Clay - - - - - - - - -
TOTAL DEPTH 

(D-2l-28)3baa 
Fill 
Limestone; water would 
bail out at 1165 feet 

Porphyry - - - - - - -
Limestone - - - - - - -
TOTAL DEPTH 

12 
20 

l 
99 

2 
12 
50 

1020 

180 
65 

252 

66 
86 

87 
186 
188 
200 
250 
250 

1020 

1200 
1265 
1517 
1517 

-------------------------+--------~~----
(D-22-26 )4dad 

Soil, sandy - - - - - -
Clay, red - - - - - - -
Clay and boulders - - -
Sand and gravel - - - -
Clay and small rocks -
Sand and gravel with 
water - - - - - - - -

Clay and small rocks -
Clay, red - - - - - - -
Sand and gravel with 
water - - - - - - - -

Clay and small rocks -
Clay - - - - - - - - -
Caliche - - - - - - - -
Clay, and rocks - - - -
Caliche - - - - - - - -
Clay, red, with rocks -
Sand and gravel with 
water - - - - - - - -

Clay, red------­
TOTAL DEPTH 

(D-22-27)5b 
Clay ~silty sand 
Red and grey pebbly 
Red, silty sand - -
Red, coarse sand -

sand 

15 
22 
5 
4 

19 

2 
4 

18 

4 
23 
19 
10 
5 

16 
66 

ll 
7 

110 
280 
110 
120 

15 
37 
42 
46 
65 

67 
71 
89 

93 
116 
135 
145 
150 
166 
232 

243 
250 
250 

110 
390 
500 
620 

Red and grey coarse sand 
Grey and red sand - - - . 
Interbedded limestone 
and quartzite - - - - -

Pink quartzite and lime-
stone - - - - - - - - -

Limestone and shale - -
Red sandstone - - - - -
Alternating beds sand-

stone and dolomite - -
Red-brown and grey dolo-

mite - - - - - - - - -
Various colored dolomite 
Grey limestone - - - - -
Grey sandstone - - - - -
Various colored quartzite 
Quartzite and sandstone 
Arkosic quartzite - - -
Granite - - - - - - - -
Granite - - -
TOTAL DEPTH 

640 
360 

645 

60 
430 
130 

210 

130 
70 

145 
245 
120 

80 
35 
75 

215 

1260 
1620 

2265 

2325 
2755 
2885 

3095 

3225 
3295 
3440 
3685 
3805 
3885 
3920 
3995 
4210 
4210 

--------------;.-------+--·-
(D-23-26)laa 

Soil and clay - - - - -
Clay and sand with water 
Gravel with water - - -
Clay strata and sand 
strata with water - - -

Clay, red - -----­
TOTAL DEPTH 

(D-24-27 )l5baa 
Topsoil - - - -- - - - -
Sandy soil - surface water 
Gravel - - - - - - - - -
Fine sand - - - - - - -
Gypsum - - - - - - - - -
Red, sticl<y clay - - - -
Light brown clay - ~ - -
Malpais and clay - - - -
Malpais - surface water 

disappeared - - - - - -
Conglomerate - - - - - -
Malpais - - - - - - - -
Sand - - - - - - - - - -
Red clay - - - - - - - -
Brown clay - - - - - - -

60 
30 
20 

.40 
36 

3 
30 
27 

8 
2 

144 
127 

5 

18 
14 
17 
3 

32 
25 

60 
90 

110 

150 
186 
186 

3 
33 
60 
68 
70 

214 
341 
346 

364 
378 
395 
398 
430 
455 
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Table 38. --Logs of representative wells in Douglas basin--continued, 

--..------------------~~~--~~~~~--- ------------~~~--~~~~ Thickness Depth Thickness Depth 
--------------·-------~ (fee t ) (feet __ (feet) (feet) 

Sand - - - - - - - - -
Finer sand - - - - - -
Light brown clay - - -
Hard sand - - - - - - -
Coarse sand and gravel 
Light brown clay - - -
Sand - - - - - - - - -
Hard clay - - - - - - -
Sand - - - - - - - - -
Coarse sand and gravel 
Hard clay - - - - - - -
Hard sand - - - - - - -
Coarse sand - - - - - -
Sticky clay - - - - - -
Hard sand and gravel -
Sticky clay - - - - - -
Fine sand - - - - - - -
Sticky clay - - - - - -
Hard sand - - - - - - - # 

Sticky clay - - - - - -
Hard sand - - - - - - -
Hard clay - - - - - - -
Hard sand - - - - - - -
Sticky clay - - - - - -
Hard sand - - - - - - -

2 
33 
55 
10 
4 
6 

35 
14 
12 
4 
8 
4 
5 

27 
4 

12 
4 
9 
5 
2 
6 

15 
16 
14 
20 

457 
490 
545 
555 
559 
565 
600 
6~ 
626 
630 
638 
~2 
647 
674 
678 
690 
694 
703 
708 
710 
716 
731 
747 
761 
781 

Very sticky clay - - - -
Strack water - - - - - -
Water, sand and gravel -
Clay - - - - - - - - - -
Sand - - - - - - - - - -
Hard clay - - - - - - -
TOTAL DEPTH 

52 833 
833 

23 856 
32 888 
47 935 
15 950 

950 

-------------------r-------4-----
(D-24-28)7abc 

Topsoil - - - - - - - - 2 2 
Caliche - - - - - - - - 3 5 
Boulders and clay - - - 29 J4 
Clay, red - - - - - -- 9 43 
Conglomerate ~ - - - - - 106 149 
Gravel, water - - - - - J 152 
Conglomerate - - - - - - 28 180 
Gravel, water - - - - - 6 186 
Conglomerate - - - - - - 29 215 
Gravel, water - - - - - 2 217 
Malpais (i.e.basalt) - - 105 322 
Water - - - - - - - - - 10 332 
Clay, red - - - - - - - 3 335 

-T-OT_A_L_D_E_P_TH __________ ~·------~' 335_, 



Table 39---Analyses of water from r epresentative well s in Dougl as basin, Cochise Coun t y , Ariz. 
(Parts per mil lion ex cept specific conductance and percent sod ium) 

Specific Sodium 
Tern- conduct- Mag- and 

wen Date of per a- ance(micro- Cal- no- potu.s- Bicar- Sul- Chlo- Fluo- Ni- Di s-
no. collection ture mhos at cium sium sium bonate fate ride ride tra te so lved 

(OF .) 25'0 c.) ( Ca) (Mg ) ( NafK ) ( Hco
3

) ( S04) ( Cl) (F) (No 3) so lids 

( D-l8-25)5a c 5- 22-46 77 398 4b 9-3 25 175 22 l~ 2.0 lb 222 
(D-l8-26)15bb 5- 28-46 70 286 30 5.2 26 141 18 6. 0 3-0 3-0 161 
(D-19-26 ) 30ab 2-12-52 69 261 34 7-0 10 129 10 8.0 2.0 3.8 176 
(D-19-28 ) 28bbb 6-13-46 69 310 32 2 .6 37 164 17 9-0 2.0 1.4 182 
(D-20-26) 1 2ba 2-27-4b 70 237 29 l.b 25 l3b 12 5.0 0.8 0.8 141 
( D-21-25)23ab 2-12-52 6g 613 36 7.6 86 202 42 59 2.8 ll 374 
(D-21-26) 24bab 3- 27-46 73 383 38 13 30 222 ll g.o 1.6 5.8 218 
( D-21-27 ) l 3cd 8-15-47 - 563 6g 12 39 254 50 21 0 .4 20 368 
(D-22-25) 24da 2-12- 52 b9 410 bb 7-9 11 2 5 7 .8 b. O 0.0 4. 5 251 
( D-22-26)13dd 8-27-47 73 366 37 6.5 54 163 26 15 0. 4 3-9 223 
( D-23-26) 3aa 5-31-46 67 923 66 16 109 237 106 112 0 .7 2 .7 529 
(D-23-27) 19da 5- 28-52 80 . 7130 380 212 g66 249 1140 1790 l.O 4.2 4640 
( D-23-28 ) l5ac 8-18-47 80 b34 b3 34 31 3b8 35 14 0.8 5 -7 365 
( D-24-26) lcb 2-5~46 . - 623 62 17 51 264 49 44 0.8 3-9 358 
(D- 24-27) 3cdd 5-28-52 78 I 988 4.5 l.l 209 176 g6 153 2 . 6 2. 5 575 
(D-24-28 )11 bca. -- .J.-::1 3-:: 2? - 67 2950 556 154 __ __2lt_ __ ___ 207 --1810 

.. 
48 1.2 16 -_?7_7_0 ... - - - --- ----------

\ 

Total 
hard- Per-
ness cent 

as so-
CaC03 dium 

153 2b 
96 37 

114 16 
90 lq 
79 41 

121 61 
148 31 
222 28 
197 11 
119 49 
230 51 

1820 54 
297 18 
224 33 
16 97 

2020 5 
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OTHER AREAS IRRIGATED WITH GROUND WATER 

By J. H. Feth, L.A. Heindl, P . W. Johnson, and H. N. Wolcott 

There are many areas in Arizona, other than those described in the pr ec.ed ­
ing chapters, in which ground water is used for irrigation. Irrigated tracts 
within these areas range from a few hundred to a few thousand acres . Many 
of these areas are of great local importance, although for the most part they 
have no direct bearing on the problems of water supply in the large irrigated 
bas ins of central and southern Arizona . 

The occurrence of ground water has been investigated by the Geological 
Survey in only a few of the smaller irrigated areas in Arizona, because avail­
able funds and personnel have been fully employed in regions of more intens­
ive ground-water use . 

For the sake of completeness, a brief comment is made in this chapter on 
some of these other areas. Work has been done in some of these areas and 
a few reports have been prepared by the Geological Survey. In gener al, how ­
ever, only meager information is ava ilable . 

Plate 1 shows the generalized outlines of some of the areas mentioned in 
this chapter; others may be located on the map by reference to a town or a 
stream. The a reas are presented alphabetically, by counties . 

Apache Countv 

About 17,000 acres was irrigated in Apache County in 1951 (Barr and Seltzer, 
1952, p. 16), la rgely with surface water but in part with gr ound water. In areas 
where ground water is used, water levels in observation wells show slight de ­
clines (Halpenny and Cushman, 1952, in preparation) but no definite trend is ap_,. 
parent. 

St. Johns area 

An unmeasured amount of ground water is withdrawn from aquifers in the 
Coconino sandstone for irrigation in an area surrounding St. Johns in the valley 
of the Little Colorado River. It is estimated that annual withdrawals for irri­
gation are in the order of 1,000 acre- feet, 

At several places along the Little Colorado River in the reach between St . 
Johns and Lyman Reservoir, travertine cones have been built by deposition 
from warm, highly mineralized spring waters . These spring cones attain 
heights of more than 100 feet and, in extreme cases, diameters of nearly half 
a mile . A smaller number of cones occur on Concho Creek, about 15 miles 
west of St. Johns. The waters discharging from the springs add large amounts 
of mineral matter, principally common salt, to the Little Colorado R iver. The 
sources of the mineralized waters are believed to be artesian aquifers in older 
sedimentary rocks that occur at considerable depth beneath the land surface . 
The origin of the artesian pressure and the reasons for localization of the 
springs are not known, although the linear arrangement of the spring cones sug ­
gests that faulting may determine the paths along which the artesian waters rise . 
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Hunt area 

The Hunt area is a small farming community on the Little Colorado River 
in T. 14 N., R. 26 E. Springs and surface flow of the Little Colorado R iver 
firnish some water for irrigation. The Coconino sandstone, the pr incipal aqui­
fer in the area, supplies water under artesian pressure to wells, some of which 
flow. Water of poor quality is obtained for domestic and stock use at relative­
ly shallow depths in the region, from the Moenkopi form ation and the Shinarump 
conglomerate. Agricultural development in the area is limited by the amount 
of ar able land and by a short growing season. It is estimated that about 1,000 
acre-feet of ground water was used for irrigation in 1951. 

Springerville-Round Valley area 

A total of about 2, 000 acres was irrigated in Round Valley, near Springer­
ville, in 1947 (Barr, 1948, p. 16). The expansion of irrigated acreage since 
1948 is not known, nor has the amount of ground water used annually been 
determined. It is probable, however, that pumpage for irrigation does not ex­
ceed 2,000 acre-feet per year. 

Cochise Countv 

Southern San Simon Valley 

More than 1,000 acr es of land is irrigated in the southern extension of San 
Simon Valley. Irrigation wells are from 200 to 1,000 feet deep and the water 
levels range from about 70 to 100 feet. A maximum yield of about 3,000 gallons 
per minute has been reported but yields are generally less than 1, 000 gallons 
per minute. Aquifers occur in sand and gravel lenses from 70 to 250 feet below 
the surface. Between 350 feet and 1, 000 feet, little except clay is encountered. 
The quality of water is considered gener ally good for irrigation and domestic 
use, except locally where the fluoride content is slightly higher than the sug­
gested maximum. 

South of the irrigated area the alluvial fill is partly covered by Quaternary 
lava flows and c inder beds. Water for domestic and stock use is obtained from 
springs and small wells. 

The southern San Simon Valley was included in a Geological Survey re­
connaissance report on the San Simon Valley (Schwennesen, 1917). 

San Bernardino Valley 

The San Bernardino Valley lies in the extreme southeastern corner of 
Arizona. It is a southwest -trending extension of the San Simon- Safford 
structural trough. This valley drains southward into Mexico. Much of the 
valley is covered by Quaternary volcanic flows and cinder cones and part of 
the area is covered with alluvial fill. 

About 300 acres of land was irrigated in the San Bernardino Valley in 1952. 
No detailed information is available r egarding the use of ground water for 
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irrigation. Springs an'd wells supply water for domestic and stock use. The 
log of a well in sec. 32, T. 21 S., R . 32 E., shows a series of lava flows with 
four interbedded sandy clay layers which contained water. The well is 726 
feet deep and the water level was reported to be nearly 600 feet below land 
surface in 1949 . 

Graham Countv 

Upper Aravaipa Creek 
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Aravaipa Creek heads at the northwest end of the structural trough occu­
pied by the Willcox and Douglas basins. The creek is a tributary of the San 
Pedro River and drains an area of about 550 square miles. Alluvial fill occu­
pies about 200 square miles. Approximately 3,000 acres is cultivated along 
the inner valley. Aravaipa Creek is perennial for a considerable part of its 
length. Water for irrigation is supplied by surface-water diversions and with­
drawals from wells. During the period 1932- 41, Aravaipa Creek contributed 
an average annual flow of about 20,000 acre-feet lo the San Pedro River . 

Ground water for irrigation is withdrawn from wells constructed in Recent 
alluvium underlying the flood plain of Aravaipa Creek. Some domestic and 
stock wells obtain water from older alluvium. Depths to water range from a 
few feet along the Aravaipa Creek to about 400 feet in the older alluvium . 

Mohave Countv 

Big Sandy Valley 

Big Sandy Valley is in Tps.12 to 21 N., R. 13 W. Wickieup, the main settle ­
ment in the valley, is about 50 miles southeast of Kingman . In 1940, about 
700 acres was irrigated, partly by ground water pumped from wells drilled 
in Recent alluvium. It is reported that in 1951 about 1,000 acres was irrigat­
ed. A reconnaissance study of this area was made by the Geological Survey 
(Morrison, 1940) . 

Ground-water movement is toward the axis of the valley and southward along 
Big Sandy River. Swampy areas along the river near Wickieup suggest that 
ground water is forced to the surface by a granite barrier to the south or that 
it rises along fault planes. 

Depths to water in 1940 averaged less than 25 feet along the river bottom 
in the vicinity of Wickieup and ranged from 40 to 70 feet in the areas north and 
south. The possibility of the presence of artesian water in the Wickieup area 
was suggested by Morrison (1940, p. 6) . 

Virgin River Valley 

About 1,500 acres is reported to be irrigated along the Virgin River in the 
northwest corner of Arizona near the town of Littlefield. The cultivated land 
lies along the flood plain of the Virgin River, and is irrigated partially with 
ground water. No information is available regarding the amount or quality 



198 

of ground water withdrawn. 
Several small irrigated areas have been developed in the north-trending 

valleys of the ''Arizona Strip'' and near Fredonia. 

Navaio Countv 

Between 15,000 and 16,000 acres was reported to be under irrigation in 
Navajo County in 1951 (Barr and Seltzer, 1952, p. 16) . It is estimated that 
2,500 to 4,000 acres of the total was irrigated either with ground water or with 
ground water and surface water combined. The use of ground water for irri­
gat ion is limited largely to four areas. 

A memorandum report on the Joseph City area was prepared by the Geologi­
cal Survey (Babcock, 1948), and other information is available in Water-Supply 
Paper 836- B (Harrell and Eckel, 1939), and in a mimeographed report (Babcock 
and Snyder, 1947). The Geological Survey has made an investigation of the 
ground-water resources of the Snowflake, Taylor, and Hay Hollow areas, in 
cooperation with the State Land Department. This investigation is nearly com­
pleted and a report is in preP.aration. 

Annual water -level fluctuations in observation wells in the four areas in 
Navajo County were small in 195 1 (Halpenny and Cushman, 1952, in prepa­
ration). 

Joseph City area 

Joseph City is on Highway 66 about 10 miles west of Holbrook. In the vicini­
ty of Joseph City about 800 acres is irrigated with surface water when avail ­
a ble; otherwise, with ground water from wells that penetrate artesian aqui­
fers in the Coconino sandstone. In addition, about 1,500 acres of pastureland 
is s ubirrigated with water discharging at or near the land surface from artesian 
seepage . The waters used for irrigation vary in chemical quality; surface flow 
in the Little Colorado River sometimes being mineralized to an undesirable 
extent . -Ground water from the Coconino sandstone is acceptably low in dis ­
solved solids except in a few places north of the river, where it is contami­
nated by a mixture of salty water derived from overlying formations. 

Snowflake area 

About 45 miles south of Holbrook, 2,500 acres or more is irrigated, some 
400 acres with ground water entirely, and the remainder with surface flow 
from Silver Creek. The ground water is obtained from the Coconino sandstone . 
Many wells in the area show artesian rise. In addition to water for irrigation, 
the Coconino sandstone furnishes water for the public supply at Snowflake and 
to numerous domestic and stock wells_. The water is of acceptable quality for 
irrigation, domestic, and stock use. 

Area west of Taylor 

In an area about 2 miles west of Taylor and 3 to 5 miles southwest of Snow­
flake, about 500 acres is irrigated with ground water from the Coconino sand-
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stone. In addition, a few irrigation wells withdraw water from the Coconino 
sandstone in an area extending a distance of 10 to 15 miles south of Snowflake 
along Silver Creek. A well drilled in 1951 in Shumway in the bottomland of 
Silver Creek encountered water in the Coconino sandstone under sufficient 
pressure to flow about 100 gallons per minute . 

Hay Hollow 
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Hay Hollow, about 15 miles northeast of Snowflake, contained about 600 acres 
of irrigated land in 1952. The area occupies a structural depression separate 
from the valley of Silver Creek. Wells in Hay Hollow obtain irrigation water 
from the Coconino sandstone. Several of the irrigation wells flowed when 
first drilled. Some still flow during the winter and early spring, after the pumps 
have been idle for several months. During the irrigation season the artesian 
pressure diminishes, and water levels are a few feet to 30 feet below land 
surface . 

Yavapai Countv 

Chino Valley and Big Chino Valley 

Chino Valley and Big Chino Valley are principally in Tps. 16 and 17 N., R . 
4 W., 15 to 20 miles north of Prescott. These valleys are .in the heawaters of 
the Verde River, and are shown on plate 1 as "Chino Valleys." Irrigation de­
velopment is greatest in Chino Valley, the southernmost of the two. Irrigated 
lands in the area were estimated to total about 4,200 acres in 1947 (Barr, 1948, 
p. 16). The water used for irrigation was obtained from artesian wells that tap 
aquifers in alluvium interbedded with basalt and tuff . 

The Ground Water Branch of the Geological Survey made a reconnaissance 
study of the geology of part of Chino Valley in 1946, but has not investigated 
hydrologic conditions in either valley. The Agricultural Engineering Depart­
ment, University of Arizona, has conducted a continuing program of water­
level measurements and other studies in the area for many years. A report on 
some phases of the geology of the region is in preparation by the Mineral De ­
posits Branch of the Geological Survey . 

Peeples Valley 

Peeples Valley occupies a hard-rock basin in the Weaver Mountains about 30 
miles southwest of Prescott. The drainage basin has an area of about 55 square 
miles and the valley lands occupy about 10 square miles. The Geological 
Survey made a reconnaissance study of the ground-water resources of Peeples 
Valley in 1947 (Babcock and Brown) . 

Water in quantities sufficient for irrigation is obtained from Recent alluvium 
which in places attains a thickness of 500 feet. It was estimated that 150 acre ­
feet of ground water was withdrawn for irrigation in 1945, and that about 300 
acre-feet escaped from the valley by surface flow, underflow, and evapotranspi­
ration. The extent to which the ground-water supplies of the basin have been 
developed since 1946 is not known . 
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Upper Verde Valley 

The Verde River, a perennial stream, flows southeastward in part of its 
course through a structural trough about 30 miles long and 10 miles wide, in 
which Cottonwood, Camp Verde, and smaller communities are situated. The · 
basin is bordered on the northeast by the scarp of the Mogollon .him and on the 
southwest by Mingus Mountain and the Black Hills. The northwest termination 
is near the mouth of Sycamore Creek, where the river has cut through a range 
of hills composed of older sedimentary rocks and volcanic flows. At the south­
east end of the valley there is a narrow gorge cut by the river through a mass 
of volcanic rocks which at one time apparently impounded a lake within the 
basin. 

Details of geologic structures on Mingus Mountain have been mapped by the 
Mineral Deposits Branch of the Geological Survey. This work is now being ex­
tended across the northwest end of the Verde River Valley. Few hydrologic 
data have been obtained in the basin. 

Irrigation utilizes both surface water and ground water. Water is obtained 
from wells and from a number of springs having aggregate discharge of about 
50 to 100 second-feet. The wells derive water from shallow aquifers in Recent 
alluvium near the river, from aquifers of intermediate depth in lake beds, and 
from artesian aquifers at considerable depth either within or below the lake­
bed sequence. In 1947 there was 6,000 to 7,000 acres under irrigation in the 
basin and in the flood plain of Oak Creek, tributary to the basin (Barr, 1948, 
p. 16). How much of this ~and was irrigated with ground water is not known. 

The chemical quality of the water obtained from the springs is suitable for 
most purposes. The water is used for domestic supplies, irrigation, and rais­
ing trout at a State fish hatchery. Wells in Recent alluvium near the river 
produce water generally of good quality. The artesian wells that have been 
sampled yield water of acceptable quality. The fluoride content of waters from 
springs and wells is consist ently low, many analyses showing an absence of 
fluoride in detectable amounts. 

Yavapai- Yuma Counties 

Valleys of Date Creek drainage system 

Skull Valley is an intermontane basin about 10 miles southwest of Prescott. 
The basin is principally in T. 12 N., R.. 4 W. Five to 10 miles farther south, 
Kirkland Creek occupies a comparable valley. Small quantities of ground water 
are withdrawn from alluvial fill for irrigation in these two valleys. 

At least two areas along Date Creek are irrigated in part with water pumped 
from wells. One area is near the settlement of Date Creek in Yavapai County, 
T. 11 N., R. 6 W.; the other area, in Yuma County, is in T. 10 N., R. 11 W. 

A memorandum report was issued by the Geological Survey (Babcock and 
Brown, 1948) following a reconnaissance of the geology and occurrence of 
ground water in the valley of Date Creek in Yavapai County. This report stated 
that water in quantities sufficient for irrigation was obtained from a few wells 
that penetrated Recent alluvium. The thickness of alluvium in one place is more 
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than 500 feet. Other data on that area are few, and the downstream area, in 
Yuma County, has not been investigated. 
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The amount of land irrigated with ground water in these areas and the amount 
of ground water withdrawn annually are not known . 

Yuma-Maricopa Counties 

McMullen Valley and Harquahala Plains 

The broad alluvial areas of McMullen Valley and Harquahala Plains are 
drained by Centennial Wash. McMullen Valley occupies a southwest-trending 
trough between the Harcuvar and Harquahala Mountains. The valley is some 
30 miles long from the headwaters of Centennial Wash to the narrows, a few 
miles southeast of Salome. There, Centennial Wash swings abruptly southeast 
and passes into the Harquahala Plains. 

Ground-water development in McMullen Valley has been small, and the only 
data now available are based upon the logs of a few railroad, stock, and do- . 
mestic wells. This information indicates a rapidly decreasing depth to water 
from more than 400 feet near Aguila to approximately 30 feet in the vicinity 
of Salome. In the narrows near Salome, movement of ground water is impeded 
by a shallow bedrock channel and, until recently, there was surface flow for a 
short distance. Within the past year, several wells have been drilled upstream 
from the rock narrows, and ground water is now being transported in canals 
to irrigate land in the upper end of the Harquahala Plains. It is reported that 
this development has lowered the water table on the upstream side of the 
narrows sufficiently to eliminate surface flow. Attempts to develop water for 
irrigation elsewhere in McMullen Valley have thus far been unsuccessful . 

Little is known about ground -water conditions in the upstream part of the 
Harquahala Plains except that the water table lies several hundred feet below 
the land surface. Southeastward from the head of the valley the depth to water 
gradually decreases, and successful irrigation development is under way in 
T . 2 N., R.9 W. There was approximately 1,000 acres of land under cultivation 
in the spring of 1952, and irrigation wells were yielding as much as 3,000 
gallons per minute from depths of about 250 feet . 

There is no information upon which to base an estimate of the amount of re­
charge into this valley or of the amount of ground water in storage. It is proba­
ble that recharge is relatively small, but that the storage capacity of the ground­
water reservoir is moderately large . 

Palomas Plain 

Palomas Plain is an alluvial area that extends northwest from the Gila River 
between a spur of the Gila Bend Mountains and the Palomas Mountains. The 
area is about 15 miles wide where it borders the river and narrows to about 
6 miles in the northwestern part, between the Little Horn and Kofa Mountains . 
Hyder, a station on the Southern Pacific Ra ilroad, and Agua Caliente, a hot- _ 
springs resort , are about on the axis of the plain at the southern end, near the 
Gila E.iver . 
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Increased agricultural development in the area has been reported during 
the past year, but .the Geological Survey has not had an opportunity to collect 
more than a small amount of information about the ground -water resources. 
Drilling for water has been confined to lands in the southeast part of the valley, 
where depths to water are not great. No data are available regarding yields or 
quality of water from the wells recently drilled. Some of the older wells in the 
vicinity are reported to have encountered water with a tigh content of dissolved 
solids; in other wells the quality of the water was satisfactory for domestic 
use (Ross, 192 3, pp. 206, 216). A well drilled by the Army near Hyder during 
Wor ld War II yie lded sufficient potable water to supply a camp. 

Depths to water range from a few feet along the flood plain of the Gila River 
to as much as several hundred feet in the northwest part of the valley. 

No major drainage enters the area from the northwest, and the underflow 
of the Gila River is the only potential source of large amounts of recharge. 
Ground water from the vicinity of the river will move into the area if the water 
table in the Palomas Plain is lowered sufficiently. The quality of the water 
from this source is poor . 
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Part III 

PROBLEMS RELATING TO USE OF GROUND WATER 

By L. C. Halpenny and others 
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INTERRE LATION OF GROUND-WATER AREAS 

Various areas and basins in the State have been discussed in Part II as indi­
vidual units, but little emphasis has been placed upon the interrelation of the 
units. In some localities, notably in the case of the Willcox and Douglas 
basins, and in those of most of the smaller areas described at the end of Part 
II, there is little or no relation among the various areas, and the ground-water 
resources of each locality may properly be regarded as an entity. 

In a few other places, the Duncan and Safford basins, for example, there is 
. a tenuous connection and interrelation with other basins, However, in each of 
the two basins named above, the lack of arable land still undeveloped places a 
definite limitation upon the expansion of irrigation development and restricts 
the quantity of ground-water withdrawals to an amount less than the average 
annual recharge . Depletion of storage is seasonal rather than perennial, and 
the ground-water reservoirs usually are refilled each year. Water utilization 
in these two upstream areas in the Gila River drainage system has approached 
a maximum, and possible future development will have little influence upon 
areas farther downstream . 

The interrelation of the bodies of ground water underlying the principal 
irrigated areas, in Maricopa, Pinal, and Pima Counties, constitutes a formidable 
complication in estimating, for an individual area, quantities relating to re­
charge, discharge, and storage, 

Constictions and ground -water bar riers at several places within the region 
impede the movement of ground water from one area to another. For this 
reason, and because of differing geologic and hydrologic characteristics, it has 
proved desirable to discuss the region in terms of individual areas. The bounda­
ries of the areas are in part arbitrary and in part represent natural hydrologic 
barriers . 

The interrelated areas in central and southern Arizona differ in other im- ' 
portant respects from the individual basins in the southeastern part of the 
State . The differences lie in the large amount of arable land that rema ins un­
developed in Maricopa, Pinal, and Pima Counties, and in the fact that ground­
water withdrawal in these areas is largely from storage . As a result, the de­
pletion of storage in these areas is pers istent, and further expansion of irri­
gated acreage will increase the rate of depletion . 

Farther down the Gila River, areq.s of ground-water development also are 
interrelated. Expansion of agriculture in Rainbow Valley, for example, will 
eventually affect water levels in wells along the Gila River below Gillespie 
Dam, Increased development in the Palomas Plain area will also have its 
effect on ground-water supplies along the Gila River. By the time suffici~nt 
surface water has been brought into the Wellton-Mohawk area to irrigate 75,000 
acres, water levels in wells along the river downstream from Dome are likely 
to rise . 

GROUND -WATER--SURFACE-WATER INTERRELATIONS 

In the broadest sense, seepage from surface water is the source of almost 
all recharge to ground-water reservoirs in Arizona. This interpretation in-
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eludes various occurrences: (1) Flow in perennial and intermittent streams 
along the axes of the basins; (2) runoff at mountain fronts; (3) water in canals 
and ditches; and ( 4) water applied for irrigation. 

Individual areas in which the ground-water--surface-water interrelations 
are prominent have been discussed separately in Part II of this report. Im­
portant among such areas are the Duncan and Safford basins, in which the 
stage of the water table in Recent alluvium is related to the availability of 
surface flow in the Gila River. Recharge to shallow aquifers in the Upper San 
Pedro basin is in large part from runoff in the San Pedro River. In the Upper 
Santa Cruz basin, stream-flow losses within the basin generally greatly ex­
ceed surface flow past the Rillito narrows. This loss of runoff in the river is 
due mostly to recharge of ground water and in part to evapotranspiration. In 
the Douglas basin, Whitewater Draw is an intermittent stream for most of its 
course, recharge in the upper reaches is relatively large, and precipitation 
on mountainous areas drained by Whitewater Draw is sufficiently heavy to 
cause runoff to occur with some frequency. 

Reference to the discussion of individual basins makes it clear that 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. In contrast, the areas in which little annual recharge occurs from 
through-flowing streams are those in which declines of water levels in wells 
have been greatest. 

Quantitative studies of the relationship of runoff to recharge in Arizona have 
been made by the Geological Survey only in the Queen Creek area, the Santa 
Cruz Valley, and the Safford basin. Data from these studies are valuable, but 
they are far from adequate for a complete understanding of the relationship be­
tween ground water and surface water throughout the region. 

Effluent seepage of ground water contributes to stream flow in the lower 
reaches of several of the basins described in Part II. Although ground water 
was discharged in thi's manner under natural conditions in some of the basins 
that have a constriction in cross-sectional area of the alluvial fill, irrigation 
with surface water has tended, in some areas, to increase the quantitiy of efflu­
ent seepage by increasing recharge. Examples of areas of effluent seepage 
are at the mouth of the San Pedro River, the confluence of the Gila and Salt 
Rivers, and the downstream end of the Lower Santa Cruz area. 

USE OF GROUND-WATER- -SURFACE-WATER SUPPLIES 

In those areas where surface water is available for irrigation, ground water 
is withdrawn only when surface-water supplies are inadequate. Withdrawals of 
ground water increase seasonally, in response to a dry period, or annually, in 
response to a series of drought years. In most of the surface-water irrigation 
districts where ground water is pumped, the quantity of underlying storage 
is small in comparison with the annual rate of withdrawal by pumping. The 
net result is that the quantity of ground water in underlying storage in these 
areas can be seriously depleted in a drought lasting more than a few years. 
For example, in the San Carlos Irrigation District, a part of the Lower Santa 
Cruz area, the water level has declined enough to reduce well yields and, 



•• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

reportedly to make it uneconomical to operate some of the pumps. In the 
Safford basin in the past few years, a decline in well yields has required the 
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The period 1942-52 has been unique in two respects in the history of ground ­
water development in Ar izona. First, the period was essentially one of pro ­
longed drought, with subnormal supplies of surface water. Second, the surface­
water shortage was aggravated by an increased demand for water. The decade 
was marked by ever-increasing financial returns for agricultural products, 
with a resulting demand for more intensive cultivation and for bringing new 
lands under cultivation . 

In the established surface-water irrigation districts, these two factors tend­
ed to increase the withdrawal of ground water. A tendency developed to grow 
crops of greatest financial return, some of which required more water than 
crops formerly grown. In some areas part of the land was allowed to lie fallow 
each year and the remaining land was cultivated intensively. In other areas 
nearly all lands were farmed each year, resulting in increased withdrawal of 
ground water . 

Other factors complicate the problem of maintaining a sustained supply of 
water in established surface-water irrigation districts . Heavy withdrawals of 
ground water outside some districts have altered the slope of the water table 
and have changed the direction of ground-water movement. Local areas have 
become waterlogged at the downstream end of some irrigation districts in spite 
of heavy withdrawals of ground water, because it is not always possible to low­
er the water table uniformly. The problem of increasing salinity of the avail­
able water supply is becoming more important as a result of more intensive 
use and re-use of water for irrigation . 

RELATION OF QUALITY OF WATER TO USE 

Transpiration bv phreatophytes 

The relation between use of water by phreatophytes and chemical quality of 
ground water is known only in a general way. It is known that transpiration by 
phreatophytes will result in increasing the concentration of dissolved solids in 
the ground water not transpired. Destruction of phreatophytes would not materi­
ally affect the total load of dissolved salts leaving a basin if the water otherwise 
used by the plants were put to beneficial use within the basin . 

Industrial use 

Discharge of industrial waste wa ter s , or lcact.:.ng of undesirable constituents 
from any of the waste pr ojucts of industrial processes, is at present only a 
minor problem in a few areas in Ar izona . 

Some industrial processes require water of specified mineral content and 
the relationship of industrial use of water to its quality must be considered . 
Use of water by industry is increasing in Arizona, and the quality problem is 
likely to become of greater importance in the future . 
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Irrigation use 

Changes in the quality of water downstream along the Gila River drainage 
system constitute one of the principal problems relating to the water supply 
of the region. Speaking generally, waters of the Gila River system become 
progressively more highly mineralized as they move downstream, by use and 
re-use of water for irrigation. This process is discussed in Part I, under 
"Quality of ground water." 

In a few places, sources of water high in dissolved mineral matter have been 
found. The hot springs at Clifton, for example, add more than 50 tons of salts 
to the Gila River daily. It is possible that a thorough study of the source of 
this salty water might result in discovery of a method by which the salt could 
be permanently prevented from moving downstream. The resulting improve­
ment in quality of water, not only in the Safford basin, but all the way down­
stream to the Colorado River, would more than offset the loss of the water dis­
charged by the springs. 

To some extent the progressive downstream increase in mineral content of 
ground waters along the Gila River probably existed prior to the development 
of irrigation in the region. It has been of increasing importance since man be­
gan to use water for irrigation·. The following statement by Hem (Babcock, 
Brown, and Hem, 1947, p,11) indicates that, at least in some areas, the ~oncen­
tration of dissolved mineral matter is increasing annually: 

Many wells in the younger fill now yield water much more highly 
mineralized than they yielded 10 or even 5 years ago. The down­
ward trend of water levels in the area has been accompanied by an 
upward trend in the dissolved-solids content of the water .... Well 
689 had the most highly mineralized water of the area in 1946. This 
water has increased about 10 times in dissolved- solids concentra­
tion since 1927. 

ADDITIONAL STUDIES NEEDED 

The Geological Survey was requested, when preparing the present report, ) 
to point out those factors of the ground -water problem that require additional 
study in order to be evaluated precisely. The study of ground water is an in-
direct science and, in making a quantitative ground-water investigation, each 
of the components cannot be evaluated absolutely, no matter how well staffed 
or well financed a project may be. For example, it is imposs ible to measure 
the rainfall in an area; the amount can be approximated by assuming that the 
amount of r ainfall measured in a series of gages is equivalent to the rainfall 
in the entire area. By increasing the number of rain gages, the determination '""'~ 

can be made more nearly precise. All component factors of a ground -water 
investigation are measured by a comparable process of sampling; the more 
individual measurements that are made, the more accurate will be the result. 

The ground -water investigations made by the Geological Survey in Arizona 
to the date of writing this report range in scope from a brief reconnaissance 
to intensive studies of a particular phase of the ground-water problem. A re-
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port on the Date Creek area (Babcock and Brown, 1948) can be used as an 
example of a reconnaissance investigation, and the phreatophyte studies in the 
Safford area (Turner and others, 1941; Gatewood and others, 1950) can be used 
as an example of an intensive investigation. It is important to point out that 
the financing has been such that most of the investigations necessarily have 
been of the reconnaissance type, and only a few have been of the intensive type. 

The foregoing statements are presented in order that the problem of evalu­
ating ground-water supplies in Arizona will be viewed in its proper perspective. 
With these considerations in mind, the following comments are made regard-· 
ing additional data needed in order fully to evaluate the ground-water resources 
of Arizona. 

In all the areas described in this report, more comprehensive data are need­
ded to determine more accurately the annual recharge. For the principal 
methods of recharge, infiltration along mountain fronts and seepage from irri­
gated fields, considerable study would be required for a more precise evalua­
tion. Additional information about precipitation and runoff is needed. Continu­
ing measurements should be made to determine stream - flow losses near the 
margins of the alluvial fill , similar to the studies made on Queen Creek 
(Babcock and Cushing, 1942) . 

To determine more accurately the quantity of ground water in storage, field 
and laboratory tests on a large scale would be required. Information obtained 
thereby would enable better determinations of the coefficients of drainage of the 
aquifers and the rates of ground -water movement. 

More accurate data about natural discharge of ground water are desirable, 
particularly regarding nonbeneficial discharge by phreatophytes. In the light 
of present knowledge, the greatest potential source of additional water !or irri ·· 
gation in the arid parts of the West is considered to be salvage of water by con­
trol of phreatophytes. As explained in Part I, certain phases of the phreato ­
phyte problem should be evaluated if a program of phreatophyte eradication is 
undertaken . 

The inventory of the quantity of ground water withdrawn annually should be 
extended to include the entire State , and additional well-discharge measure­
ments should be made to improve the over-all accuracy of the inventory . 

Many additional data are needed about deep aquifers in the region: Electri­
cal-conductivity logs and flow-meter measurements of the discharge from each 
aquifer should be made in the deep wells; samples of drill cuttings should be 
collected, examined, and tested for permeability; pumping tests should be made; 
and the quality of the water should be determined . 

The increasing concentration of dissolved solids in the ground waters of 
some of the irrigated areas has been mentioned. The extent to which continued 
development of ground water may affect its quality needs careful study. The 
limitations imposed by deterioration of quality are not always realized, and the 
entire subject is one about which current knowledge is limited . 
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GLOSSARY 

The following list of definitions is provided as an aid to the reader. The 
sources for the definitions are so widespread that individual references are not 
listed. The basic sources for most of the ground-water terms are publications 
of the Geological Survey, many of which were written by 0. E. Meinzer . 

ACIDIC DIKE. --A light-colored dike composed of igneous material that is pre­
dominantly silica . 

ACRE-FOOT.--A t erm used to describe a volume of water. One acre-foot is 
equal to the volume which would cover an acre to a depth of 1 foot, or 
325,829 gallons . 

AGGLOMERATE.--A rock made up of both coarse and fine volcanic material, 
which may also include sedimentary detrital fragments . 

ALKALI F'LAT.--See "playa." 
ALKALI-LADEN LAND.--Land containing, at or near the surface, certain solu­

ble mineral salts, generally sodium or potassium carbonate, in sufficient 
quantity to be detrimental to agriculture, or to make the soil sterile. 

ALLUVIAL. --An adjective denoting that which is transported by running water . 
ALLUVIAL CONE. --A steeply sloping, fan-shaped mass of loose rock deposit­

ed by a stream at the place where it emerges from an upland into a broad 
valley or plain . 

ALLUVIAL DIVIDE. --A drainage divide developed in alluvium. 
ALLUVIAL F' AN. --A sloping, fan-shaped mass of loose rock material deposited 

by a stream at the place where it emerges from an upland into a broad 
valley or a plain. If the mass of material has steep slopes it is generally 
called an alluvial cone, but ·if the slopes are relatively flat it is called an 
alluvial fan. 

ALLUVIAL FILL. --Same as "alluvium." 
ALLUVIAL PLAIN. --A plain r esulting from the deposition of alluvium by water 

where the surface is almost level. See "flood plain." 
ALLUVIUM.--A general term for all detrital deposits resulting from the oper­

ahons of running water. In intermontane basins refers to the deposits of 
rock waste washed down from the mountains . 

ANDESITE. --A generally dark-colored volcanic rock containing moderate a­
mounts of silica with plagioclase feldspars predominating. See "dacite." 

AQUIFER.- -A water- bearing formation, or part of a formation. See "water­
bearing formation.'' 

ARTESIAN. --An adjective referring to ground water unde:r pressure . 
ARTESIAN SPRING. --A spring whose water issues under artesian pressure, 

usually a fault spring. 
ARTESIAN WATER.- -Ground water that has artesian pressure head; that is 

under sufficient pressure to rise above the zone of saturation. In popular 
usage, refers to ground water under sufficient pressure to rise to the sur­
face and flow . 

ARTESIAN WELL. --A well in which the water is under hydrostatic pressure. 
It may be a flowing or a non-flowing artesian well. 

BACC HARIS. --A plant of the genus Baccharis. Commonly called batamote. It is 
a phreatophyte in most places where it grows in Arizona . 
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BACTERIAL ANALYSIS. --An analysis of the organic material in water to de­
fermine its sanitary condition. This type of analysis is not made by the 
Quality of Water Branch, Geological Survey. 

BASAL.--Pertaining to the lowest natural level; basic, fundamental. 
BASALT . --A dark-gray, black, brown, or brownish-red dense to fine-grained 

igneous rock formed as a surface flow or as a shallow intrusive body. 
BASALTIC.--Pertaining to basalt or one of its characteristics. 
BASIN.- -A depression in the surface of the land. In this report "basin" refers 

to a geographic a rea in which ground-water conditions are somewhat uni­
form. 

BEDROCK.--Solid rock that either underlies the valley fill or is exposed on the 
land surface. Its water- bearing properties are generally limited. 

BICARBONATE.-- HC03. The most common constituent of the dissolved matter 
of most surface and ground water. 

BORON. --The element, B. A constituent of the dissolved matter in some water. 
In irrigation waters it is harmful to some plants, particularly citrus. 

CALCAREOUS BEDS.--Beds of sedimentary material containing noticeable a­
mounts of calcium carbonate. 

CALCIUM.- -The element calcium, Ca. A constituent of limestones and of the 
dissolved matter in water. 

CALICHE.--A lime-rich deposit formed in the soils of certain semiarid regions. 
CAPILLARY OPENING. --A small opening of such size that water can be held 

in it at a considerable height above the level at which it is held by hydro­
static pressure alone, due to the attraction of the molecules in the walls of 
the opening for the molecules of water and the attraction of the molecules 
of water for one another. 

CENOZOIC.- -The latest era of geologic time, divided into the Tertiary and 
Quaternary periods. 

CHEMICAL ANALYSIS. --The determination of the amount and kinds of mineral 
matter in solution in water samples. Does not include an analysis of the 
organic or suspended matter contained in the water. 

CHLORIDE. --The element chlorine, Cl. A common constituent of the dissolved 
matter in water. 

CIENAGA. --A swamp or swampy place. 
CLASTIC DEPOSITS.- -Deposits composed of fragments derived from older rocks . 
CLIMATOLOGY.--The s cience which treats of climates and their p.tenomena. 
CLOSED BASIN. --A basin without drainage outlets or with outlets higher than 

the level of the lake or playa which it may contain. See "interior drainage.~' 
COEFFICIENT OF DRAINAGE. --The amount of water in saturated rock free to 

drain by gravity alone within a specified time, expressed as percentage ofthe 
total volume of rock. See "coefficient of storage." 

COEFFICIENT OF PER.MEABILITY.--The rate of flow of water, in gallons per 
iay, under prevailing conditions, through each foot of thickness of a given 
aquifer in a width of 1 mile, for each fo ot per mile of hydraulic gradient . 
Somet ime.s called ''field coefficient of per mea bilit y.'' 

COEFF ICIENT OF STORAGE. - - The cubic feet of water discharged from each 
vertical column of the aquifer with a base of 1 foot square as the water level 
falls 1 foot. See '' coefficient of dra ingage .'' 
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COEFFICIENT OF TRANSMISSIBILITY. --The rate of flow of water, in gallons 
per day, under prevailing conditions, through the whole thickness of an a ­
quifer in a width of one mile, for each foot per mile of hydraulic gradient. 

COLD SPRING.- -A spring whose water is cooler than or equal to the mean 
annual temperature of the region . 

CONGLOMERATE.--A sedimentary rock composed of water-transported 
pebbles of other rocks, cemented together or compacted. A consolidated 
gravel. 
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COTTONWOOD.- -A tree of the genus Populus. Many cottonwood trees in Arizona 
are phreatophytes . 

DACITE.--A generally light-colored volcanic rock containing moderate amounts 
of silica with the plagioclase feldspars predominating. Contains more silica 
than does andesite. 

DECLINE. --The decrease in yield of a well; a lowering of the water table . 
DECOMPOSITION. --The action of chemical agents that destroys the identity of 

mineral particles by chemical change. 
DETRITAL ROCK.--A rock made up of the debris of other rock . 
DETRITUS. -- Material worn from rocks. A general term applicable to several 

grades or types. 
DIATOM.--A microscopic water plant that secretes siliceous material. 
DIATOMACEOUS BEDS.- - Beds of sedimentary material containing noticeable a ­

mounts of the remains of diatoms . 
DISCHARGE OF GROUND WATER.--Withdrawal of water from a ground-water 

reservoir by natural or artificial means. 
DISINTEGRATION. --The physical break-up of rocks without the destruction of 

their indentity. 
DO LOMITE. --A carbonate of calcium and magnesium, (Ca, Mg)COS. A rock 

that approximates the mineral dolor:1ite in composition; a magnesian lime­
stone. 

DRAINAGE, COEFFICIENT OF. --See "coefficient of drainage." 
DRAINAGE DIVIDE.- -The boundary between two drainage basins. 
DRAINAGE SYSTEM. --A surface stream or lake and all the tributary streams 

that drain into it . 
DR ILLER'S LOG.--A record of information obtained by the well driller regard­

ing the rocks passed through in drilling . 
DR Y LAKE. --See "playa." 
DUTY OF WATER.--The quantity of irrigation water required to mature a given 

area of a given crop, expressed in acre-feet per acre . 
EFFLUENT SEEPAGE. --Diffused discharge of ground water to the land surface, 

generally into a stream or lake . 
ELECTRIC LOGG ING. - -A method of recording the effect oi electric current on 

some of the properties of the formations penetrated by a well. It is useful for 
correlation purposes but obtains information only in uncased holes. See 
"gamma-ray logging." 

EPJiEMERAL STREAM.--A stream that flows only in direct response to pre ­
Cipitation, and whose channel is at all times above the water table . 
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EROSION. --The general wearing away of the land by wind, running water, and 
other agencies. It includes all processes by which earthy matte_r or rock is 
loosened and removed and includes weathering, abrasion, and transportation. 

ESTUAF\ Y. --An arm of the sea at the lower end of a river. 
EVAPORATION. --Discl.1arge of water to the atmosphere. 
EXTRUSIVE ROCKS.-- Igneous rocks which have cooled after reaching the sur­

face. They may be in the forms of flows or of fragments resulting from ex­
plosive eruptions. 

FANGLOMERATE.--Cemented, coarse, detrital rock which originally was de­
posited in an alluvial fan. 

FAULT.--A natural rock fracture in which the blocks of rock on opposite sides 
of the fr acture are dislocated or offset with reference to each other. 

F AULT SP.S.ING. --A spring whose water rises, usually under artesian pressure, 
along a fault in a rock formation. 

FISSURE . --A crack, break, or fracture in the rocks. A general term. 
FLOOD PLAIN.--A strip of low, relatively smooth land qordering a stream 

and built of sediment carried by the stream. Sometimes used synonymously 
with alluvial plain. 

F LUCTUATION OF WATER TABLE.--The upwar d or downwar d movement of 
the water table. 

FLUORIDE. --The element fluorine , F . An occasional constituent of the dissolv­
ed matter in water. 

FORMATION. --A large and persistent bed of some one kind, or more or less 
related kinds, of rock; a unit that can be shown readily on a geologic m ap. 

FRACTURE.--An open break in rock. Size is not an item in the definition. 
GAMl\!IA-RAY LOGGING.--A method of recording the gamma-ray radiations of 

the formations penetrated by a well. It is particularly ·useful in obtaining 
data from cased holes. See "electric logging." 

GEOLOGY.--The science which treats of the origin, history, and structure of 
the earth, as recorded in the rocks. 

GEOPHYSICAL.--Relating to the physic s o:" the earth. As used in this report 
refers to studies of the structure of the earth through its electrical, mag­
netic, and gravity properties. 

GNEISS. --A visibly crystalline, coarsely · or crudely foliated or banded rock. 
GRADIENT.- -The slope of a river course, rock bed, or the water table. Usual­

. ly expressed in feet per mile, percent slope., or degrees. 
GRANITE.- -A hard igneous rock of visibly crystalline texture, consisting es­

sentially of quartz and feldspar and often containing smaller quantities of 
micas, amphiboles, and pyroxenes. 

GRAVIMETRIC EXPLO.S.ATION. --A method of geophysical prospecting which 
measures variations in the gravitational field of the earth. 

GRO UND WATER. --Water in the earth which completely fills the pore spaces of 
the rocks which it occupies. 

GROUND-WATER BARRIER.--See "ground-water dam." 
GROUND -WATER BASIN. --A trough containing a series of water-bearing forma­

t ions and partly encircled by impermeable rock barriers. 
GRO UND -WATER DAM. --An impermeable body which impedes the hor izonatal 

movement of ground water and thus causes stor age of ground water behind 
the dam . 
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GROUND-WATER DIVIDE. --A line on the water table from which the water 
table slopes downward on each side. It is similar to a drainage divide on 
the surface. 

GROUND-WATER EQUATION. --A method of showing the balance between the 
amount of ground water entering a basin and the amount of ground water 
leaving a basin, taking in consideration the amounts of water that may be 
added to or withdrawn from ground-water storage . 
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GROUND-WATER FLOW.--The movement of ground water along the hydraulic 
gradient . 

GROUND-WATER GEOLOGY. --That part of the science of geology which treats 
of the relation of the structure and composition of the earth's crust to the 
occurrence of ground water . 

GROUND~WATER RESERVOIR.--The aquifer or aquifers in a ground-water 
basin . 

GYPSUM.--Hydrous calcium sulfate, CaS04·2H20. A mineral often deposited 
by the evaporation of desert lakes and by hot springs. 

HARDNESS. --The quantity of calcium carbonate equivalent to the calcium and 
magnesium in the water, expressed in parts per million. 

HOT SPRING.--A spring in which the water has a temperature above that of the 
human body, 

HYDRATE.--A compound formed by the union of water with some other substances 
and represented as actually containing water. · 

HYDROLOGY. -..;The science that is concerned with the occurrence of water in 
the earth, its physical and chemical reactions with the rest of the earth, and 
its relation to the life of the earth . 

.HYDROSTATIC PRESSURE. --Pressure due to still water. 
IGNEOUS ROCKS.--Rocks produced by the cooling and solidification of molten 

rock material which comes from below the surface of the earth. See "in­
trusive rocks" and "extrusive rocks." 

IMPERMEABLE ROCK. --A rock that will not transmit perceptible quantities of 
water under ordinary pressures. 

INCISED CHANNEL.--A channel which has been cut down into existing rocks by 
stream action. It is characterized by steep banks. 

INFILTRATION GALLERY.--A drift or tunnel into a ground -water reservoir . 
INFLOW. --The total amount of water from all sources entering a basin . 
INFLUENT SEEPAGE.--Movement of water in the zone of aeration from the 

ground surface toward the water table . 
INTERCALATED.- -A term applied generally-to a body of one kind of rock materi­

al inter bedded with another. 
INTERFERENCE OF WELLS.- -The overlapping of the areas of influence of two 

or more wells. 
INTERIOR DRAINAGE.--A system of drainage with no surface outlet. See 

"closed basins." 
INTERMITTENT SPRING. --A spring that is dry part of the time. 
INTERMITTENT STREAM. --A stream that flows for long periods but is dry at 

times. 
INTERMONTANE.--Lying between mountains . 
INTERSTICES. --Space in a rock or soil that is not occupied by solid mineral 

matter . 
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INTR USIVE ROCKS. --Igneous rocks which have solidified without reaching the 
surface. 

JOINT. --A natural rock fracture within a once continuous block. 
LACUSTRINE.--An adjective denoting a lake origin. 
LAMINAR FLOW.-- Motion of a fluid in which the particles move substantially 

in parallel paths. 
LATENT STORAGE.--The amount of water that is free to drain by gravity 

from the saturated rock within the alluvial basins. The term does not con­
sider whether the water can be either economically obtained or utilized. 

LA TIT E. --A volcanic rock containing moderate amounts of silica and approxi­
mately equal amounts of orthoclase and plagioclase feldspars. Almost a 
dacite. 

LAVA.--Fluid rock which issues from a volcano or a fissure in the earth's sur ­
face. The same material, solidified by cooling. 

LIMESTONE.--A sedimentary rock consisting essentially of the mineral calcite 
(calcium carbonate). It may be shaly, sandy, or dolomitic, depending on the 
impurities. . 

LOG.--A record of the rocks passed through in drilling. See "driller'· s log," 
''electric .logging/ and ''gamma -ray logging." 

MAGMA. --The molten material from which igneous rocks are formed by solid­
ification. 

MAGNESIUM. --The element magnesium, Mg. A distinctive constituent of cer­
ta in limestone, dolomite, and of the dissolved matter in mosf water. 

MAGNETOMETRIC EXP LORATION.--A method of geophysical prospecting 
which measures variations in magnetic forces. 

MESQUITE. --A tree of the genus Prosopis. Mesquite in some parts of Arizona 
is a phreatophyte. 

MESOZOIC.--One of the eras of geologic time, following the Paleozoic and 
succeeded by the Cenozoic. 

METAMORPHIC ROCKS.--Eocks produced by the alteration of igneous, sedimen­
tary, or other metamorphic rocks, chiefly through the agenc ies of heat 
and pressure. 

NITRATE.--T'..itrogen trioxide, N0 3. A constituent of the dissolved matter in 
water. The final oxidation product of dissolved organic material contain­
ing nitrogen. 

NON ARTESIAN. -:--Ground .water which is under no hydrostatic pressure and 
consequently does not rise above the water level. 

OLDER ALLUVIAL FILL. --Alluvial fill of probable Tertiary and Pleistocene 
age . Generally the material into which channels have been incised and partly 
refilled with Recent alluvium. 

OUTFLOW.--The total amount of water leaving a basin as surface and ground­
water flow. Does not include water lost by evaporation and transpiration. 

PALEOZOIC. --One of the eras of geologic time, following the pre-Cambrian and 
succeeded by the Mesozoic era. 

PARTS PER MILLION. --The parts by weight of dissolved matter in water per 
million parts of water. 

PEDIMENT,--A plain which lies at the foot of some mountains in arid regions, 
formed by the erosion of the hard rocks and covered with a thin veneer of 
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alluvium. As used in this report, the term also refers to an extension of this 
rock surface towards the axes of the basins under a thickening mantle of 
alluvium) and to buried bedrock surfaces above the main water table. 

PERCHED WATER. --Ground water which lies above the level of the main water 
table of the area. Perched water is kept from moving downward to the level 
of the main water table by an underlying lens or bed of clay or other imperme­
able material. 

PERCOLATION.--Movement of water through the pore spaces of a rock or soil. 
PERENNIAL SPRING. --A spring that flows at all times . 
PERENNIAL STREAM. --A stream that flows at all times . 
PERMEABILITY. --The capacity of an aquifer for transmitting water. Perme­

ability is a measure of the rate at which ground water will move through the 
aquifer under a given hydraulic gradient. See "coefficient of permeability." 

PERVIOUS.-- Having a texture that permits water to move perceptibly under the 
pressure ordinarily found in subsurface water . 

PHREATOPHYTE, --A plant whose root system obtains moisture from the ground­
water reservoir . 

PHYSIOGRAPHY.--A description of the natural features of the surface of the 
earth, 

PIEZOMETR IC SURF ACE. --The imaginary surface to which water in an artes ian 
aquifer will rise under its full head. Also called pressure s urface. 

PLAYA.--A level or nearly level area that occupies the lowest part of a complete­
ly closed basin and that is covered with water at irregular intervals, forming 
a temporary lake. It is generally underlain by evenly stratified beds of clay 
or silt and may contain large amounts of soluble salts. Sometimes called 
''dry lake" "alkali flat ·" or "salina " ' ' . 

PLEISTOCENE. --The earlier of the two geologic epochs comprised in the Qua -
ter nary period . 

POROSITY. --The pore space in a rock, expressed as the percentage of the total 
volume of the rock occupied by pore space . 

POTASSIUM. --The element potassium, K. A common constituent of the dis­
solved matter in ground waters . 

PRE-CAMBRIAN.--A general term for all time and for all rocks laid down prior 
to the Paleozoic era. 

PREC IP ITATION. --Rainfall and snowfall. 
PRESSURE SURF ACE. --The imaginary surface to which the water from an arte­

sian aquifer will rise under its full head. Also called piezometric surface . 
PUMICE. --A general term applied to volcanic rocks that contain so many vesi-

cles as to resemble froth. 
PYROCLASTIC TUFF. - -A rock made up of volcanic ash and dust . 
QUATERNARY.- -The latest period of geologic time. 
RECENT. --The later of the two geologic epochs of the Quaternary period . 
RECENT ALLUVIAL FILL.--Alluvial fill of Recent age . 
RECHARGE. --The addition of water to a ground-water reservoir by natural or 

artificial means . 
RECHARGE AREA.--The area where recharge to an aquifer occurs. 
RECOVERY. --The securing of ground water from saturated rocks; the act of 

ground water returning to its static level after being drawn down by pumping . 



222 

RHYOLITE. --A volcanic rock containing a high percentage of silica. 
RUNOFF.- -That part of the natural precipitation that flows off the surface of 

the land in the form of visible streams. 
SALINA. --See ''playa." 
SA LINE. --Salty. Applied to minerals, rocks, formations containing minerals, 

or to water having the taste of common· salt. 
SALT CEDAR. --A phreatophyte of the genus Tamarix. 
SATURATED ROCK. --Rock whose interstices are all filled with ground water. 
SCHIST,--A foliated or laminated metamorphic crystalline rock with a tendency 

to split along the foliation. 
SEASONAL SPRING.--A spring that is wet or dry according to the seasons of 

the year. 
SEDIMENT.--Material in suspension in water or recently deposited from sus­

pension. 
SEDIMENTARY ROCKS.--Rocks laid down as sediment through the agency of 

water, wind, or glaciers. Sandstone, limestone, shale, and conglomerate 
are common examples. 

SEEPAGE.--Percolation of water into or out of a ground-water reservoir. 
SEISMIC.--Pertaining to, characteristic of, or produced by natural or artificial 

earthquakes or earth-vibrations. 
SEISMOGRAPHIC EXPLORATION.--A method of geophysical prospecting which 

records the time of arrival of successive seismic wave-fronts set off by ex­
plosives. 

SHEET FLOOD.--A flood which spreads as a thin sheet of water over a large 
area and is not concentrated in channels. Sheet floods are of short duration, 
generally being measured in minutes or hours, and the water is always mud­
dy, They are characteristic of alluvial areas in southern Arizona. 

SHEET RUN OFF.--Runoff which spreads as a thin sheet of water over a large 
area and is not concentrated in channels. 

SILICA.--Silicon dioxide, Si02. A common constituent of intrusive, sedimentary, 
and metamorphic rocks; a common constituent of the dissolved matter in 
water. 

SILT.--Sediment, the particles of which are smaller than fine sand and coarser 
than clay. 

SODIUM.--The element sodium, Na. A major constituent of ordinary salt, NaCl, 
and a common constituent of the dissolved matter in water. 

SOLUBLE SALTS.--An. indefinite phrase referring to any or all of the common 
soluble salts carried in solution, or precipitated from, surface and ground 
waters. The most common constituents are calcium, magnesium, sodium, po­
tassium, bicarbonate, chloride, and sulfate. See "suspended matter," "bac­
terial dnalysis", "chemical analysis." 

SPRING.--A place where water flows naturally from a rock or soil upon the land, 
or into a body of surface water. 

SPECIFIC CDNDUCTANCE.--A measure of the conductance of a water sample to 
an electric current. In general, the greater the conductance, the greater the 
concentration of dissolved solids in the water. 

STAGE OF Wh.TER TABLE,--The altitude of the water table at a given ti~e and 
place. 
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STATIC LEVEL.- -The water level in a nonpumping well outside the area of in­
fluence of any pumping well. This level registers one point on the water 
table in a water-table well or one point on the pressure surface in a confined­
water well. 

STORAGE , COEFFICIENT OF.--See "coefficient of storage." 
STRATA.--P lura l of stratum . 
STRATUM. --A layer of rock more or les s similar throughout, a lithologic unit . 

It may consist of one or more beds, and may constitute a for mation or a 
member, or be only one of s ever al strata in such formation or member . 

STRUCTUFAL TROUGH.--A topographic feature including a large valley and its 
bordering mounta ins . The term is applied to those features that ar e believed 
to be due to relative uplift of the mountains apd depression of the valley . 

SULFATE.--An oxide of sulfur. A common constituent of the dissolved matter 
in water . 

SUF\FACE FLOW. --The movement of surface water, gener ally in stream channels. 
SURF ACE WATER . --All water in lakes, ponds, streams, and reservoirs . 
SUSPENDED MATTER. - - Solid particles mixed with but undissolved in water . 
TER.h.ACE. --A long and narrow pla in or bench bordering a lake or stream. 
TEF\T IARY.--The first per iod of the Cenozoic er a . 
TOPOGRAPHY. --The general configuration of the land surface, including the 

position of its streams, mountains, lakes , etc. 
TOTAL DISSOLVED SOLIDS. --The sum of the determined constituents dissolved 

in water, with the bicarbonate computed as carbonate because the bicarbonate 
in water changes to carbonate as the water is evaporated. Expressed as 
"parts per million" or as tons of dissolved matter per acre-foot of water . 

TRACHYTE. --A gener ally light-colored volcanic rock containing moderate a ­
mounts of silica with the orthoclase feldspars predominating. Related to rhyo­
lite . 

TRi-l.JECT OR Y.--The curve which a moving body describes in space . 
TRAJECTOR Y METHOD.--A means of calculating discharge from wells by 

measurements related to the curve through space described by a stream of 
water discharging from a pipe . 

TRl-~NSMISSIBILITY, COEFF ICIENT OF. - -See ''coefficient of transmissibility." 
TRANSPIRATION.--Dischar ge of water to the atmosphere by a growing plan~ . 
TUFF. --A rock made up of volcanic ash and dust . 
TURBULEJ'\J T FLOW.--Fluid flow in which the velocity at a given point changes 

constantly in magnitude and direction. The opposite of ''laminar flow . '' 
UNCOJ'\JF ORMITY.- -An erosional break in the continuity of s edimentation. 
UNDERFLOW.--Movement of ground water through a definite underground 

channel. 
UNDER.FLOW CHANNEL. --A channel through which ground water moves as 

underflow, usually underlying a surface stream. The channel is limited on the 
bottom and sides by relatively impermeable beds. 

Ul'\JDERLYING STORAGE . --See description of concept in Part I of this report . 
VALLEY F ILL.--Same as'-' alluvium." 
VESICLE. --A small cavity in an igneous rock, formed by the expansion of a 

bubble of gas or steam during the s olidification of the rock . 
VOLCANIC. --Formed by) or derived from, material solidified from a molten 

magma that has poured out as lava over the earth' s surface or violently exploded 
from volcanoes . 
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VOLCANIC ASH.--The finely divided, fragmental rock material violently blown 
from volcanoes during explosive eruptions. 

VOLCANIC BR.ECCIA.--See ' 'agglomerate." 
WARM SPRI~G.--A spring whose water is warmer than mean annual tempera­

ture of the region but cooler than the temperature of the human body. 
WATER-BEARING F OR MATION.--A rock formation that will yield ground water 

in usable quantity to wells and springs. See "aquifer." 
WATER-BEARING PROPERTIES.--The properties of a rock that control its 

porosity and permeability, and hence its ability to store and transmit water. 
The water-bearing properties depend mainly on the size and number of inter­
stitial openings and the degree of cementation and compaction. 

WAT ER- LOGGED LAND.--Land in which the water table is at or near the sur­
face and upon which commercial crops cannot be produced. The soil is water­
saturated; there is no zone of aeration; and root systems are drowned for 
lack of air in the soil interstkes. 

WATER TABLE. --The upper surface of the saturated portion of a nonartesian 
water- bearing formation. 

WATER-TABLE CONTOUR. --A line connecting points of equal elevation of the 
water table. 

WATER-TABLE WELL.--A well which obtains water that is not under hydro­
static pressure. 

WEATHERING.- -The decomposition and disintegration of rocks by surface agents 
and processes. 

WILLOW. --A plant of the genus Salix. Some willows in Arizona are phreatophytes. 
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