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INTRODUCTION

Purpose and cooperation

The Arizona State Legislature has recognized the increasing need in
recent years for regulation of ground-water resources in Arizona.
Because such regulaticn rmust be based upon adequate information as to the
quantity, quality, and use, as well as the source and movement of the
ground water, the Arizona State Legislature in 1945 appropriated funds
for the investigation of the ground-water resources of the State. The
investigation is being made by the Geological Survey, United States
Department of the Interior, under a cooperative agreement with the
Arizona State Land Department, 0. C. i/illiams, Commissioner.

Field work in the Jillcox 3Basin was started in 1945 and was done by
M. B. Booher and R. L. Cushman, engineers, and by R. 3. Jones, geologist,
under the general direction of S. F. Turner, District ZEngineer
(Ground Vlater) of the Geological Survey. Uater analyses twere made by
J. D. Hem and R. T. Hiser, chemists, under the general direction of
C. S. Howard, District Chemis%t of the Geological Survey.

Lccation and extent

The Willcox Basin is a part of a large valley in southeastern
Arizona. The northern part of this valley is known as Aravaipa Valley;
the central part is referred to in this report as the Willcox Basin; and
thke southern pvart is referred to in this report as the Douglas Basin.
The 7Tillcox and Douglas Basins are commonly known as Sulphur’Springs
Valley. Tae Jillcox Basin extends from the drainage divide at the
headwaters of Aravaiva Creek southward to the drainage divide among the
buttes and ridges near the town of Pearce. Alcng the eastern side of
the Willcox Basin are the Pinaleno, Dos Cabezas, and Chiricahua
Mountains; and along the western side of the basin are the Galiuro,
Winchester, Little Dragoon, and Dragoon Mountains. The Tiillcox Basin
ranges from 10 to 25 miles in width and covers about 1,200 square miles.
Although most of the basin is within Cochise County, approximately 230
squarc miles ir the unorthern part of the basin is within Graham County.

Climatclogical data

Climatological data obtained at the U. S. Weather Bureau station
near “'illcox (elev. 4,200 ft.) are probably representative of climatic
conditicrs in most of the basin. Table 1 contzins a summary of
precipitation, mean temperature, and evaporation at this station.
Precipitation at the station in 1945 was 6.42 inches, and the annual
mean temperature in 1945 was 58.8 degrees Fahrenheit. The last killing
frost in the spring was on April 17, and the first killing frost in tke
fall was on October 25, so that there were 191 [rost-free days during
the 1945 growing season.



History of development
Ground water was first obtained in the Willcox Basin in 1872 from
shallow dug wells for domestic and stock use. About 1905, parts of the
basin were settled by homesteaders, uho constructed wells from which
ground weter was pumped for irrigation. These wells consisted of open
pits dug within a foot of the water table and a bored uncased hole
extending down into the water-bearing strata. Centrifugal pumps in the

pits were driven by irternal combustion engines. Meinzer and Kbltonl/
reported about 60 pumpiiig plants in operation in the 7illcox Basir in

1910, and these pumpinz plants had discharges ranging from 20 to 1,500
gallons a minute. No figures are available for the cultivated acreage
in 1910. It was reported that about 3,500 acres was cultivated in 1920,
mostly irrigated with ground water. By 1926, the irrigated acreage had
decreased to about 2,500 acres. During the following 14 years the
amount of land cultivated varied from year tc year. The United States
Department of Agriculture?/ estimated that, in 1940, 2,150 acres was
irrigated with about 5,000 acre-feet of ground water pumped from
approximately 55 wells. Practically all of these wells were the dug-pit
type, with centrifugal pumps. The lowering water level, however,
necessitated the deeperning and casing of the holes in the bottom of the
pits. Wells constructed since 1940 have been sunk and cased from the
land surface and pumped with turbine pumps. The Rural Zlectrification
Administration has distributed electric powver in the Willcox Basin since
194C, and the internal combustion engines at the wells are gradually
beirg replaced by electric motors. In 1946, 68 percent of the pumping
tlants were powered by electricity. Approximately 15,000 acre-feet

¢f ground water was pumped from about 80 non-artesian wells tc irrigate
4,800 acres in 1946 (see pl. 1). In addition, about 300 acre-feet of
water was pumped frcm eight artesian wells, and about 200 acre-feet
flowed from seven of these wells to irrigate about 200 acres.

Previous investigations
Barlier studies ¢f the geology and the ground-water resources of the
tasin are described in the following revorts:
1. HMeinzer, 0. Z., and Kelton, ¥. C., Geology and weter rescurces
of Sulpkur Spring Valley, aAriz.: U. S. Geol. Survey ‘latsr-Supnly
Paper 32C, 1913.
2. Report on available ground-water supply and possible irrigation
develoment near Willcox, ariz.: Typevritten report subnitted to
Jillcox Chamber of Commerce by Quinton, Sode and Kill, consulting
ergineers, Dec. 3, 1928.
3. Water facilities area nlan for Nertihern Sulphur Springs Valley
area, 4iriz.: U. S. Dept. Agr., Bur. Agr. Econ. mimeographed),
Oct. 1941.

e

Meinzer, C. E., and Kelton, F. C., Geclogy and water resources of
Sulphur Spring Valley, Ariz.: U. S. Geol. Survey 'Jater-Supply Paper
320, p. 187, 1913.

2

_/Water facilities area plan for Northern Sulnhur Springs Valley area,
Ariz.: U. S. Dept. Agr., Bur. Agr. Zcon. (mimeographed), p. 39,
Cet. 1941.
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Vlater levels were measured in selected wells in the Jillcox Basin
from 1942 to 1945 by H. R. McDonald, J. F. Hostetter, and Theda P. Shelley
of the Geological Survey. These water-level measurements have been
released ir mimeogravhed form and will be published in the following
report:

Viater levels and artesian pressure in observation 'rells in the

United States, part 6, Southwestern States and Territory of

Havaii: Calendar vear 1945: Vater-Sunply Paper (in prenaration).

GZCLCGY AND ITS RILALTION TO GROUND-WATZER SUPPLIZES

Maps and field work

nbout seven months of geologic reconnaissance of Sulphmr Springs
Valley was done by Robert S. Jones in 1946. The geoclogy was mavped in
the field on a scale of 1 uile tc the inch on tovographic mans of the
Federal Geological Survey. Most of the field work was done in the
Willcox Basin, although a limited amount of work was done along the
cast side of tke Douglas Basin. Flate 1 shows the geology of the
Jillcox Basin.

Mcst of thke geolegy of tie Dragoon and Little Dragoon Mountains,
shown on plate 1, was mappred by James Gilluly and Johan Cooper of the
Geologic Branch of the Federal Geclogical Survey, who kindly permitted
their work to be used in this report. Of recessity their work has been
generalized orn plate 1.

Land forms and drainage

Sulphur Sprirgs Vailey is a broad debris-filled valley which trends
northuest and lies between two choins ¢f maturely dissected fault-block
mountain ranges. The mountains rise abruptly above the gently sloping
valley, the mountairs on the east side rising to higher elevations than
thcse on the west side of the valley. The highest veak on the east side
is Mcunt Graham, in the Pinalenc Mountains, which rises to & height of
10,713 feet above sea level. The highest neak on the west side is
Riley Peak, ir the Winchester Mountains, which rises to a height of
7,631 feet above sea level. OSulvhur Springs Valley is senarated into
the Willcox and Douglas Basins by a series of low, pertially buried Lills
that mark a drainage divide in the vicinity of Pearce.

The VWillcox Basin has interior drainage into a large flat, known as
the Willcox Playa, which occupies about 50 square miles south of the town
of illcox. The playa is mainly without vegetation and at times parts
of its surface are incrusted with white salts. The 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 in the
Willeccx Playa to 4,500 feet at the lowest point of the drainage divide
at the headwaters of Aravaipa Creek.




Geologic history

The oldest rocks exposed in the mountains abcut the Jillcox Basin
are ore-Cambricn low-grade schists. Sand grains and small pebbles can
still be seen in a few places in these schists, indicating that the
schicts were formerly sedimentary rocks. The schists were intruded by a
porphyritic granite batholith. During the intrusion of tihiis pre-Cambrian
granite, mountain-making movements may have occurred. The pre-Cambrian
rocks were probably eroded to a surface cf slight relief and gentle
slopes, and later submerged beneath marine waters. During the Pzleczoic
era the submerged pre-Cambrian rocks were covered with a thick series of
sandstones, shales, arnd limestones, »redominantly calcareous and
essentially conformable. Most of these sediments were denosited in lat
Paleozoic time during the Carboniferous and Permian neriods._,The maxirum
thickness of the Paleozoic sediments is more than 5,000 feet .

Fcliowing the Faleozoic sedimentaticn, folding, faulting, and
igneous intrusion occurred arnd tiie region was elevated above sea 1evel§/.
The region was subjected to erosion during and following the veriod of
uplift. Volcanic rocks verc extruded upon the tilted Palcozoic rocks.
Tae region was sgain lowered beneath a sea and thick deposits of clastic
sediments of Cretaceous age were laid upor the older rocks.

Following the Cretaceous sedimentation the rocks of the region were
further deformed by folding and faulting and were intruded by magmas and
covered by a great thick:ess of volcanic flow rocks and tuffs, and
tuffaceous sediments. The greatest deformation in the regiocn was
probably post-volcaric, vhen compressional forces thrust older rocks over
youngar rocks. Felsite was intruded along some of the thrust planes, and
grarnitic rocks were intruded in sowie parts of the region.

Following the deformation and intrusicn, major faulting occurred
along & northuest-southeast trend, causing the dovm-dropping of the
valleys and the uvnlifting of tie mountains of thc region. The
stratigraphic throu of these faults may have reached a maximum of several
miles. In gencral, the amount of uplift increased from the Chiricahua
Mountains northwvard to the Pinalenc Mcuntains ‘there the more ancicnt
crystaliine rocks rise to heights of over 10,000 rcet.

Durirg and after the faulting the downfaulted or valley trouchs
received thick denosits of alluvium from the upfaulted masses. The
earliest fill in the trough consistcd almost entircly of veicanic debris,
as erosion removed volcanic rocks from thc upfaulted masses. Jventually
non-volcanic rocks were cxposed in some areas by erosicn and, as erosior
progressed, the trough received less volcenic debris and more ncn-volcanic
debris.

174
Ransome, F. L., The geology and ore deposits of the Bisbee Quadrangle,
Ariz.: U. S. Geol. Survey Prof. Paper 21, p. 168, 1904.

4/
Wilsor, Fldred D., Gecology and ore deposits of the Courtland-Gleeson
region, Ariz.: Univ. of Ariz., Ariz, Bur. lMines Geol. Ser. Ho. 5,
Buil. 123, 1927.
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One or more lakes occupied the Willcox Basin during the time that
the upper parts of the fill were being denosited, and thick beds of clay
were laid down within the lake or lakes. The shorelines fluctuated from
time to time with the variations in climate, and thus sands and gravels
interfinger with the lake clays. The shoreline of onc ancient lalke,
called Lake Cochise by Meinzer and Kbltong/, is still partly bpreserved
in the form of ancient beach ridges near the prcsent-day playa. lake
Cochise covered an area greater than and including the present nlaya.

After the bulk of the £ill had accumlated, probably by early
Quatcrnary time, basaltic lavas viere extruded near the base oi the
mountains. These lavas became intcrbedded with the £ill or flowed upon
its surface. Aftoer th: extrusion of the basalt, 2 pecdiment surface was
cut on both the basalt and the vallceyr fill. In parts of the bvasin,
pediment surfaccs werc also cut on older rocks. The pediments were
later partially dissected by streams, soil-crcep, sheet floods, and
weathering. While the pedimentis werc being cut and later dissected, the
eroded materials were bcing deposited in the lower parts of the basin.

Aravaipa Creck, north of the Jillcox Basin, began to remove the
- valley fill by hcadward erosion, probably after the pediments wore
formed. Thus was formed the inner and lower valley of Aravaipa Creck.
South of Aravaipa Creek no irner valley occurs, but only the higher
valley roferred to as the Willcox Basin.

At present, the wind is depositing sand in the form of dumes on the
north and east sidcs of the playa and near some of the small buttes
northwest of thoe main mass of the Swisshelm Mountains. The processes of
erosion are continuing, and rock waste is bheing brought from higher
elevations and deposited at loer elovations.

Rocks of the Willcox Basin

Schist and grarite (pre-Cambrian)

The nre-Cambrian rocks that occur in the mountairs surrounding the
Willcox Basin include schists and granites.

Tho rocks mapped as schists consist of low-grade schist and
hernfels, and are probably the oldest rocks in tie basin. The schists
usually occur near granitic rocks, although they are not as extensive as
the granitic reccks. Schists have been noted in the Pinalcno, Dos Cabezas,
Dragoon, and Little Dragoon Mountairs, and in the northern part of the
Chiricahua Mountains.

Only small quantities of water gccur in the schists, along fractures
and joint planes. Several domestic and stcck wells derive w7ater from
these rocks in the basin.

A large part of the granitic rocks in the basin are probably rre-
Cambrian in age, although graritic intrusions of later age occur in the
Dos Cabezas and Dragoon Mcuntains. As the granites arc principally of
pre-Cambrian age, all of them will be discussed ir this section.

Egr._-
Meinzer, C. E., and Xelton, F. O., Geology and water rescurces of
Sulphur Spring Valley, Ariz.: U. S. Gecl. Survey Water-Sunply Paper
320, ». 34, 1913.
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The rocks described as granitic rocks include granites, granodiorites,
diorites, syenites, and aplite and pegmatite dikes. The granitic rocks
are fine to coarse-grained and are porphyritic in many places. These
Tocks usually have a grayish color along a fresh fracture, but they
weather to shades of broun. The main constituents are the feldspars,
which generally focrm grains interlocking with those of quartz and variocus
dark-colored minerals.

Granitic rocks occur in the mountains or buttes or at the foot of
mountains, underlying pediments. Large masses of these rocks crop out
in the Pinaleno, Dos Cabezas, Dragoon, and Little Dragoon Mountains and
in the northern part of the Chiricshua lLountains.

The water-bearing characteristics of the granitic rocks are
dependent upon tuvo mair proverties, weathering and jointing. Beth
decrease in extent with depth, the weathered rocks mantling the jointed
rocks. Generally, granitic rocks subjected to weathering wvrocesses
disintegrate as a result of hydration and temperature changes and the
separated particles become smaller through chemical decomposition.
Feldspars decompose to clay but quartz is relatively unaffected. The
clay may be carried dounward along joints and fractures by nercolating
wvater, or may be carried away by surface waters. This removal of clay
may increase the number and size of pore spaces among relatively
unaffected grains in the rocks, but clay may also fill joints and
decrease the water-bearing capacity of the joints. A spring in Taylor
Canyon in the Pinaleno Mountains (no. 2300, pl. 1)} is probably due to
clay, derived from decomposition of feldspar, that has filled the lower
joints and prevents the ground water from percolating dovnward. Small
amounts oi' water from jointed granitic rocks have been obtained from
wells in the village of Dos Cabezas.

Older sedimentary rocks (Paleozcic and ldesozoic)

Conglomerates, quartzites, sandstones, shales, and limestones of
Paleozoic and Mesczoic zge constitute the older sedimentary rocks of
tke basin. They are mapned as a unit (see pl. 1). The Paleozoic rocks
are a conformable sequence, more than 5,000 feet in maximue thickness,
consisting mainly of calcarecus sediments. The younger overlying
Mesozoic rocks are more than 3,000 feet in maximum thickness and consist
mainly of clastic sediments.

The older sedimentary rocks constitute less than S percent of the
total outcrcp area of the mountains, din at all angles and in many
directions, and are greatly fractured and faulted. Consequently the
prospects are poor for obtaining artesian water in the Willcox Basin
from the older sedimentary rocks.

Water has been encountered in caves and in mine adits, drifts, and
shafts in the older sediments. Springs occur in the older sediments in
some localities.
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Volcanic rocks (Tertiary and Cretaceous?)

The areas shown on plate 1 as "volcanic rocks"™ contain mostly rocks
of Tertiary and Cretaceous? age, although a few basalts of Quaternary age
are included, principally because time did not permit differentiation
beteen the Tertiary and Cretaceous? and the Wuaternary volcarnic rocks in
all parts of the basin. Although volcanic eruptions occurred prior to
the Cretaceous period, no volcanic rocks of pre-Cretaceous age are known
in the area mapped except as fragments in the clastic sediments of
Cretaceous age.

4 large variety of volcanic rocks of Tertiary ard Cretaceous? age
ocecur in the area mapved. Tuffacecus sediments arc commonly interbedded
with the volcanic rocks. Both pyroclastic rocks (explosively extruded
materials) and lava flows are represented. The pyroclastic rocks may be
more abundant than the lava flows. Andesitie and rhyclitic tuffs and
breccias are the princinal pyroclastic rocks of the basin. Some of the
tuffs and breeccias have been welded by their own heat, so that they -
resemble flow rocks. Their pyroclastic rature is revealed under the
microscope. The flow rocks range from basalts to rhyolites althougk the
basalts constitute only a minor part. The volcanic rocks are broadly
warped in places and are, to some extent, broken into fault blocks.

Small amcunts of water occur in *he vesicles, interstices among the
pyroclastic fragments, joint planes, fracturzs, and solution openings in
the volcanic rocks. The older, non-basaltic flow rocks contain few
vesicles and columnar jointing is rare, although other joints are ccmmon
ard may be & source of ground water. Solution cavities along fractures
in the pyroclastic rocks may yield sufficient water for domestic and
livestock purposes. Several springs issue from the pyroclastic rocks in
the basin and supply sufficient water for stock use.

<7 T \._  Older fill (Tertiary? and Quaternary)

The trough of the T/illcox Basin contains large thicknesses of
alluvial rill, termed "older fill" in this report. The older fill that
is exmosed at the surface is principally Quaternary in age. The age of
the fill increases progressively with depth, and the age cof the decpest
parts of the fill is uncertain, although it is probably Tertiary.

The older fill was deposited after the trough was formed, althiouzh
some of the tuffaccous sediments that may have been deposited before the
trough was formed are included on tae geologic map (pl. 1) with the
older fill. These tuffaceous sediments that have been manped with the
older fill lie in a few small areas at the base of the mountains.

The older fill was derived frcm the rocks camprising the adjcining
mountain masses. The deposits of the clder fill are interbedded lenses
of clay, silt, sand, sandstone, gravel, and conglemerate, carried into
the basin from the surrounding mountains by streams and by sheet runoff.
As the slope lesscned and the carrying power of the water diminished,
the boulders were dropped first, followed by gravel, sand, silt, and
clay. Therefore, the deposits grade in texturc fram the large boulders
on the higher slopes ncar the mountains to smaller particles at lower
clevations. Each succeeding rain, with its accompanying runoff, did not
cceur in exactly the same area, or with the same Torece or duration.
Because of these naturally fluctuating conditions, the water deposited,
for example, sand or silt over areas where gravel had been droppcd before.
During the larger flcods, lcnses of coarse gravel uere deposited along
stream channcls, and the channels shifted from timc tc time as deposition



continued. The deposits of differenti texture therefore interfinger.
The materials deposited on the stceper slopes, near the mountains, were
mainly bculders, gravels, and sands. Those depcsited on the more
moderate slopes, away from the mountains, were mainly sands and silts.
However, channel deposits of gravel are scattered throughout the basin,
although they are naturally more abundant near the mountzins.

During the past, the Jilicox Basin has been without exterior drain-
age, as at present, and lakes occupied the lower nmarts of the basin.
Clays and silts were deposited in these lakes, although exceptionally
large floods deposited some gravel and sand lenses. The alternation of
beds of gravel, sand, silt, and clay is shown in driller's,logs of irells
(table 3). With respect to the clays, Meinzer and Xelto 6/ state:

"A well sunk some years ago on the present premises of

C. T. LicGlone, near the socutheast margin of the village of Tillcox,

is reported to have reached a depth of 480 feet and to have nenetrated

a bed of clay that does nct seem to be a stream depesit. 1In the

upper 280 fect the section appears from the reports to censist of

ordinary strcam deposits, including several layers of coarse water-

bearing gravel. ZFrom 280 toc 480 Teet, however, the drill passed

through a homogeneous stiff c¢clay, called talc by tke driller,

presumably because it was sc fine grained and so entirely wanting

in grit that, like true telc, it was smooth to thec touch. This

clay was dark blue at top and jet black farther dovn, but when

expcsed to the air it turned yellow. It is alsc reported to have

had a strong odor. The black color is probably due to impregnation

of the formation with sulphides, which become rapidly oxidized when

they are brought inte contact with the air, and the odor is probably

due to the presence of hydrogen sulphide. Throughout the 20C feet

hat was penetrated the formation is reported to have yielded no

water whatever. Vhen the hole was abardoned the drill was working

in this clay and there i3 no means of estimating to what depth it

may cxtend."
A well in the NE sec. 14, T. 14 S., R. 24 3., was reported to have been
drilled in cley from about 150 feet to 720 feet. The well was abandoned
at 720 fect vithout penetrating the full thickness of clay. Ground water
under artesian pressure has been encountered in a few vells that have
penetrated sand and grevel lenses in the clay layers, particularly south-
east of the Willcox Playa. Some of thesc wells flow, with a maximum
flowy of about 80 gallons a minute.

Water from arcas of limostone and volcanic rocks usually carries
calcium and bicarbonate in solution. Secme of these dissolved salts have
been incorporated in the clay in the form of small, well-formed calcite
crystals. These were found in samples of clay from the 720-foct well
doscribed. 3cme of the dissolved salts wwere deposited among the
particles of sand and gravel, forming caliche. Layers of relatively
impermeable calicke were formed near the surface in a part of the
outcercp area of the "gravel zone" near the edges of the fill. Streams
have cut channels through thc caliche, enabling water from rain and
from stream-flow to enter the fill along the stream charnels.

The sand and gravel lenses of the older fill are tke principal
aquifers in the Wilicox Basin. Ground water has been cbtained from both
shallow and decp wells, in quantities ranging from a fe'r gallons a
ninute to about 1,200 gallons a minute.

6

:7;;inzer, 0. 3., and Xelton, F. C., Geology and water resources of
Sulphur Spring Valiey, Ariz.: U. S. Gecl. Survey Vater-Supply Paper
320, pp. 57-58, 1913.



Basalt (Quaternary)

Basaltic rocks occurring in Arizone are of both Tertiary and
Quaternary age. Darton’”/ states:

"The Tertiary and early Quaternary volcanic rocks are largely

rhyolites, dacites, andesites, and latites, but there were

also outflows of basalt at various times. Most of the latest
outflows of Quaternary time are basalts and some of these are
are so fresh in appearance as to suggest that they rere erupted
only a few centuries ago."

Basalts cccurring in the mcuntains have nct been mapvned separately
from the older volcanic rocks shown on plate 1. However, cutcrops of
basalts occurring at lower elevations have been mepped separately. It
was not possible, during the time available, to determine everywhere
the age of the basalts. In some parts c¢f the basin, basalts intrude or
overlie the upper part of the oclder fill, indicating that the basalts
are of Quaternary age.

The basalts are of such limited extent that they are of reclatively
minor importance for the storage and transmission of ground water.

7o wrells or springs were noted in the basalts examincd.

Yourger f£ill (Recent)

The washes that enter the Willcox Basin from the mountains contain
deposits of sand and gravel ¢f Recent age along their channels. lMany of
these denposits are so small that they could not be shown on the geologic
map (pl. 1). Domestic and stock wells are relatively common in the
Recent £ill along strcam channcls in the mountains.

Possible avenues of lcakago c¢f groumd - ater from the basin

The rountains and hills that partially surround the Willcox Basin
are composed of rocks that are relatively impermeable, and thus tend to
confine ground water within thce basin. The levels of the land surface
and of the water table in the Willcox Basin are higher in altitude than
the levels in the basins which adjoin on all sides, ard therefore only
movement of ground watcr out of tie illcox Basin need be considered.
Possible avenucs where ground water may escane from the basin through
alluvial fill are: (1) northward to the valley of Aravaipa Creek;
(2) eastward to the San Simon Basin; and (3) southward to the Douglas
Basin.

Northward te the valley of Aravaipa Creek
The width of alluvial fill at the divide at the north end of the
Willcox Basin is about 7 miles. The thickness of the fill is not known,
although it is at least several hundred feet, and grcund water nrobably
moves northward through this fill.

—agtward to the San Simon Rasin

The most likely avenue of ground-veter movement into the San Simon
Basin lies betwreen the Circle I Hills and the Pinaleno lbountains. The
alluvial fill in this locality is about 2 miles wide and is probably
several hundred feet thick. It is likely that bedrock extends north-
westvrard from the Dos Cabezas Mountains to the Circle I Hills at
relatively shallow depths, and tiierefore ground water probably does rot
move eastward through this section.

/.
Darton, N. H., A resume of arizona gcology: Univ. of Ariz., Ariz., Bur.
Mines Geol. Ser. Ne. 3, Bull. 119, p. 165, 1925.
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Southward to the Douglas Basin

The Swisshelm Mountains are maturely dissected fault-tlock mountains
that trend northwest and consist largely of a single ridge of northeast-
dipping older sedimentary rocks. The broadest part of these mountains is
the northern part, where older volcanic rocks occur on the rortheast side.
The Swisshelm Mountains do not end abruptly in their northern part but
have bedrock projecticns into the alluvium. Buttes and ridges that rise
above the alluvium lie along the continuation of *he northwest trend of
the Swisshelm Mountains. These buttes and ridges are composed of
volcanie rocks and older sedimentary rocks. The northernmost outcron of
older sedimentary roclis in the series cccurs about 2 miles north of
Toumship Butte. The strike of the older sedimentary rocks in these buttes
and ridges is roughly northwest and the dip is northeast. The strikes
apnroximate the trend cof the buttes. Thus, the attitude of the older
sedimentary rocks in the isolated buttes and ridges is similar to that in
the Swisshelm Mountains. Because cf the similar trends and because of
the similar attitudes of the older sedimentary rocks, it is probable that
these isolated buttes ard ridges are the structural continuation of the
Swisshelm Mountains inte Sulphur Springs Valley.

These isolated buttes ai:d ridges extend northwestward from the
Swisshelm Mountains about 20 miles tc the Three Sister Buties. The
larger buttes ard ridges encountered, starting from the Swisshelm
licuntains, are: Whitehead Ridge, Squaretop Hills, Ash Creek Ridge,
Township Butte, Turkey Crcek Ridge, Sulphur Hills, and the Three Sister
Buttes. Near Tounship Butte a salient of buttes and ridges of volcanic
rocks extends westward to Pearcez. Near Pearce the larger buttes are
called Pearce Hill and Sixmile Hill. In the westward salient, thc ridge
trends are approximately paraliel to the trends in the other buttes and
ridges and in the Swisshelm liountairs,

Fault zones are prcominent in many of the buttes and ridges and some
of the fault zoncs are silicified. These fault zones have been shown
on the geolczic map (pl. 1) as single faults to indicate their trend.
Most of the observed faults trend in a northuvest directiorn. It is
therefore probable that northwest-striking, parallel feulting is the
predominant process by which the buttes and ridges assumed their present
vosition. However, cross-fauiting may have been partly responsitle for
minor variations in the size and shape cf the buttes and ridges.

The thickness of fill among the buttes and ridges is an important
factor with respect to the movement of ground water. A fevw outcrops of
bedrock appear above the fill amcng the buttes ard ridges. These
outcrops are the tops of almost-buried hills conrected beneath the
alluvium with the buttes and ridges nearby. The *hickness of fill
between these small outcrops and the nearby buttes and ridges may be a
function of the distance betweer. adjacert tedrock exposures, as well as
an expressiorn of rock structure. The thickness of fill between
adjacent bedrock masses in some parts of the chain may be sufficient to
provide avenues through vhich ground water can mcve out of the VWillcox
Basin.
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Prcbably the greatest thickness of fill occurs in the following

localitijes: (1) Between Turkey Creek Ridge and Ash Creek Ridge, bscause
of the distance between these ridges and the change from
sedimentary rock in ash Creek Ridge to volecanie rock in
Turkey Creeck Ridge, perhans due to faulting: (2) between
Turkey Creek Ridse and the ridge east of Township Butte.
This avenue parallels the general northwest-trending
structure, and more or less cuts across the junction of
the west-trending salient of buttes with the northwest-
trending buttes.

It is possible that the {ill may also be thick in other localities
among these buttes and ridges. More cetailed geologic work will be
needed, supplemcnted with geopnhysical »robes and test drilling, to
determine conclusively the nossibilities of mcverient of ground water from
the lillcox Basin in%o the Douglas Basin.

GROUKD-JATZR RESCURCES

The princinal aquifer ir the Willcox Basin is the older fill. All
the ground water that is pumped for irrigation and most of the ground
water that is pumped for domestic and stock use is derived from the
older fill. The Recent fill is a source of water for some domestic and
stock wells but is not sufficiently extensive in the basin to be an
important source of ground water for irrigation. In general, the Recent -
f£ill and the hard rocks are relatively unimportant as aquifers and will
not be discussed further in this report. Their water-bearing properties
are showr in the explanation on pleie 1.

Cccurrence of ground water

The aquifers in the older fill in the Willcox Basin are permeable
lenses of sand and gravel. These nermeable lenses are discontinucus but
interconnected, and they are interbedded with relatively impermeable
layers of clay, silt, sandstone, and conglomerate.

Aquifers occurring at depths of less than 150 feet are the source
of ground water for most of the irrigation wells in the Willcox Basin
(see table 3). The shallow aquifers are heavily pumped northwrest cf
the towr of Villcox, and most of the irrigation occurs in this heavily
pumped area. Generally, water in the shallow aquifers is not under
artesian pressurc. Ground water occurs at or within a few feet of the
land surface in the Willcox Playa, but the depth to water increases
avay from the playa. The maximum depth at which water-bearing beds
occur ir tke older fill is not known. Water in gravel was ehccuntered
at a depth of 3,215 feet below the land surface in well 1903 (see
table 3), drilled for an cil test. However, the age of this gravel may
be greater than that of the older fill.

In some localities tiie impermeable materials interbedded with the
more permeable aquifers are sufficiently extensive to create areas of
perched or semiperched water. For example, a thick lajyer of impermeable
clay separates an aquifer at shallow depth from aquifers at greater
depths rear the drainage divide at the northern end of the ‘illcox
Basin. The log of well 2604 (see table 3) indicates that this clay
layer is at least 100 feet thick. The water table above the clay, in
tais vicinity, ranges from less than a foot to more than 10 feet below
the land surface but the water level in well 2604 is 155 feet below the
land surface and 14 feet above the bottom of the clay layer.




12

The lake beds of the older fill near the Willcox Playa are largely
clay and silt, but they include fingers of sand and gravel contzining
water under artesian pressure. T:e most successful artesian wells have
been found within 7 miles of the playa, although attempts have been made
to obtain artesian water elsevhere in the basin. The artesian aquifers
near the eastern side of the playa are the source of water for the most
productive flowing wells in the basin.

Source and movement of ground water

Jater echarges the grounu-water reservoir of the older fill by
seepage from: (1) stream flow and sheet runoff on the coarse materials
near the mountains: (2) irrigation water applied to the land; and
(3) precipitation.

Most of the recharge from seepage of water into the coarse
materials near the mountains probebly occurs on the eastern side of the
basin. These mountains are higher and receive more rainfall and snov
than the mourtains on the western side of the basin. Streams, fed by
vvater from winter rains and melting snow, issue from the loftier
rmountains and flow about S montiis each year. Generally, these streams
dc not flow more than 3 or 4 miles into the basin before all the water
seeps into the ground. JSome of the runoff from the mountains,
especially that from tcrrential rains, does not follow the stream
channels but spreads in sheets across the coarse meterials near the
pountains, thus exposing a large water surface to contact with the
ground. Miuch of this water sinks into the ground. The data are
insufficient to estimate the annual recharge to the ground-water
reservoir that occurs as seepage intoc the coarse materials near the
mountains.

A part of the irrigaticn water applied to the land seels downward
to the water table. Although the infiltration of irrigation water iate
the soils of the Tillcox Basin wes not studied, the subsurface matcrials
inspected ir walls of uncacsed dus wells were similar to those otserved
in wells in the Safford Basin. Turner and othe“s_/ found that irn thre
Safford Basin about 25 vercent of the irrigation water applied tc¢ tre
land passes dowmuard to the water teble. This indicates that about
3,500 acre-feet of water reached the water table as dovmward seepage
from the 15,500 acre-fect of irrigation water applied to the land ir the
Willeox Basin during 1946.

Prccipitation on the valley floor does not leave the basin thrcugh
surface drainage, tut evaporates cr seeds into the ground. The valley
floor slopes gently from the foot of the mountains to the VWillcox Playa
and has no well-developed stream channels. Therefore, the runoff Irom
precipitation generally moves in skect form or in small rivulets, thus
exposing a large water surface to evaporation and to secnage into the
ground. 4 part of the water that s3eps into the ground npercolatcs
dormward to the water table. The amount of water reaching the water
table annually from this sourcc was not determined.

87
Turner, S. F., and othors, Grecund-watar resources of Safford and
Duncan-Virden Valleys, iriz. end K. Kex.: U S. Geol. Survey
(mimcographcd}, »p. 23 znd 36, 1941.
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The movement of ground water is down the slope cf the water table,
from areas of recharge to areas of discharge. The water table slopes
generally from the mountains toward the Willcox Playa. Pumping of grourd
water for irrigation causes the water table to be depressed in the pumped
areas. . Thus the natural slope of the water table in the vicinity of the
pumped areas is changed, and grcund water moves into these areas to fill
the depressions. These depressions in the water table may become
sufficiently deep that ground water will move from the vicinity of the
playa to the pumped areas.

Discharge of ground water
Ground water is discharged from the older fill of the Willcox
Basin by natural and artificial means. Natural discharge occurs
through evaporatiocn, springs, use by phreatophytes, and underflow from the
basin. Ground water is artificially discharged from artesian and
non-artesian aquifers throusk flowing and pumped wells,

Katural discharge
Evapcration of ground uater
dvaporation frem the water table occurs in areas where the depth

to water is small. The largest tract underlain by shallow ground water
is ir the vicinity of the Willcox Playa, where approximately 32,000
acres of barren land overlies a water table that is about 5 feet below
land surface. Concerning the playea, Meinzer and Xelto 9/ state:

"The moist condition of the clay near the surface in all parts

of the flat indicates that even in the interior the srownd

wvater is within reasch of evaporation. But the alkali flat is

so large and yet so nearly level that the water table teneath

it can have only a very slight gradient. Both the slight

gradient and the fact that the clay in the interior is very

fine indicate that the ground water is disposed of but slcwly

in the interior, and that the movement of ground water from

the margin of the barren flat toward the interior is sluggish.

The largest quantities of water are probably lost near the

margir, where the ssdiments are somewhat coarser."
“hitcl0/ determined that the rate of evaporation from a wvater table
5 feet below a bare land surfacz is 5 percent of the rate of
eveporation from a free-vater surface. Thc rate of evaporation from 2
frce-water surface at Willcox averaged 85.86 inches annually during the
nericd 1917-35 (sce table 1). Assuming that thc soils in the Tillcox
Pleya are similar to the soils used in hite's experiments, the
evaporation of ground water from the playa is estimated to be 11,400
acre-feet a year. The rate cf evaporation from a water table 4 fect
below a barce land surface in & tank containing fine-grained silt irn the
nearby Safford Basin was determined tc be about 1.3 feet a ycar}l/.

I3

£}

Meinzer, C. B., and Keltcn, ¥. C., Geclogy and water resources of
Sulvhur Sypring Valley, Ariz.: U. S. Geol. Survey Vater-Supply Paper
320, p. 100, 1%15.
;91/
White, . N., A method cf estimating ground-water supplics based on
discharge by plants and cvaporation from soil, results of investigation
in Zscalante Valley, Utal: U. S. Geol. Survey ‘ater-Supply Paper
659-4, p. 80, 1932.

1
Unpublished data in files cf the U. S. Geol. Survey.
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The rate of evaporation from a water table 2 feet below an alkali land
surface in a tank containing river-bottom silt in the nearby Safford
Basin was determined to be about 1.2 feet a year. Usirg the rates
obtained in the Safford experiments as a basis for computing the
evaporation from the water table in the Willcox Playa, the maximum annual
evaporation of ground water from the playa is estimated to be about

1.0 foot or 32,000 acre-feet. The evaporation of ground water from the
playa is therefore not less than 11,000 acre-feet a year and may be as
much as 32,00C acre-feet a year.

Some ground water is evaporated from the shallow water tract in the
northern part of the basin near well 2604, but the depth to water is
generally greater than 10 feet in this tract and therefore the loss by
evaporation is probably small.

Springs
The principal area where springs occur is along the margin of the

playa. Although a few of the springs in the basin are probably caused
by artesian leakage, several springs issuc at places where the water
table intersects the land surface. It is probable that Croton and
Sulphur Springs {sce pl. 1) are of the latter type. Springs also occur
in the shallow water tract in tiie northern part of the basin near

well 2604. The tctal amount of ground water discharged by springs is
estimatcd to be less than 200 acre-feet a year.

Use by phreatovhytes

Some plants growing where the depth tc ground water is shallow in
the basin obtain a perennial sunnly of water by sending their roots
down to the water table. These plants are principally grasses, salt
bushes, and mesquite, growing near the playa. The U. 3. Department of
Agriculturelg/ estimated that approximately 20,000 acre-feet of ground
water was used annually by the grasses and salt bushes grecuing near the
playa. l'einzer and Kbltonlé/ indicated that mesquite grew on about
90,000 acres of land in the Villcox Basin in 1910. ZExcept in areas
which have been cleared for cultivation, the mesquite acreage was about
the same in 1946 as in 1610. About 5,000 acres of mesquite land was
cleared for cultivation between 1910 and 1946, and therefore the npresent
(1946 ) mesquite acreage is approximately 85,000 acres. On_the basis of
studies of the tater used by mesquitc in the Safford Basinlé/ it was
estimated that the mesquite in the ‘7illcox Basin used about 1 acre-~foot
of water from the ground-water reservoir per year per acre. The amount
of ground water used by the 85,000 acrcs of mesquite in the Villcox
Basin may thereforc be as much as 85,000 acre-fect a year.

5

Tater facilitics arca plan for Northern Sulphur Sonrings Valley area,
Ariz.: U. S. Dept. Agr., Bur. sAgr. Lcon., p. 43, Oct. 1941.

s

Meinzer, O. E., and relton, F. C., Geolcsy and water resources of
Sulphur Sypring Velley, Ariz.: U. S. Geci. Survey Jater-Supply Paper
320, ni. 1, 1913.

&

Turner, S. F., and others, Uater rcsources of Safford and Duncan-
Virden Valleys, Ariz. and N. FKex.: Y. 3. Geol. Survey (mimeographed),
p. 11, 1941.
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Underflow from the basin

Possible avenues where ground water may move from the Willcox Basin
through alluvial fill are: (1) northward to the valley of iravaipa Creek;
(2) eastward to the San Simon Basin; and (3) soutkward to the Douglas
Basin among the buttes and ridges near Pearce.

The elevations of water levels in wells in the vicinity of the surface
drainage divide at the northern boundary of the Willcox Basin indicate
that the perched or semiperched ground water moves in the same direction as
the surface drainage but that the grcund-water divide in the main water
table is south of the surface drainage divide. Exact elevations of the
water levels in wells in the vicinity must be obtained before this ground-
water divide can be accurately delineated. In the main ground-water
reservoir, water north of the ground-water divide moves northward intc the
valley of Aravaipa Creek, and 'mater south of the ground-water divide moves
southward towvard the ‘‘illcox Playa.

The elevations of water lcvels in wells in the vicinity of the
surface drainage divide betizeenr the Willcex Basin and the San Simen Basin
indicate that ground-water movirg toward the Willcox Basin from the
southern end of the Piraleno Mourtains is divided, part of the water
moving eastward intc tke San Simon Basin, and the remainder moving west-
ward irto the Willcox Basin. The ground-water divide apparently is west
of the surface drainagc divide (see pl. 1). WVater levels in wells
northeast of the pass between the Circle I Hills ard the Dos Cabezas
Mountains are more than 100 feet higher in elevaticn than water levels in
wells southeast of this pass. This difference in water-level elevatiorns
indicates the presence of a ground-uater barrier between the Circle I
Hills and the Dos Cabezas Mountains. This barrier impedes or prevents
the movement of ground water through this pass, and maintains the ground
water northeast of the pass at an altitude sufficiently greatv to cause
the movement of the ground water eastward to the San Simon Basin. Exact
elevations of water levels irn wells must be obtained before the ground-
vrater divide can ve accurately delineated.

Reconnaissance studies indicate that ground water probably moves
from the Villcox Basin to the Dcuglas Basin through the z2lluvial fill
arong the buttes and ridges near Pearce. Possible avenues through which
ground watcr moves, as indiceted by water levels in wells, are betiwrecen
Ash Creek Ridge and Turkey Crecik Ridse, and tetween Turkey Creck Ridge
and the ridge east of Township Butte. The preliminary data indicate
that the watcr table between Turkey Creek Ridge and Ash COreck Ridge
slopes toward the southwest at a rate cf about 20 fect per mile. The
data also indicatc that the watcr table between Turkey Creek 3idse and
the Sulphur Hills slopes towvard the scuthuest, and that this slone may
continuc southward betuween Turkey Creck Ridge and the ridge cast of
Tovmship Butte. It is likely, however, that e grcund-wvater divide
exists north of the surface drainage divide. Additioral data must be
obtained concerning the elevation of watcr levels in wells in this area
before defirite ccnclusions can be made.
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Artificial discharge

In 1946, about 500 acre-feet of water was discharged from the
artesian aquifers through flowing and pumped wells, and about 15,000
acre-feet was discharged from non-artesian aquifers through nummned wells.
Most of the water obtained from the rcn-artesian aquifers wes pumped
during the summer months for irrigation.

There were approximately SO irrigation wells in the WJillcox Basin
in December 1946. Zight of tliese wells obtained vater from artesian
aquifers. These artesian wells ranged from 380 to 700 feet in depth and
from 4 to 16 inches in diameter. Seven of tize eight artesian wells were
flowing wells, and they :anged in rate of flow from 10 to 80 gallons a
minute. The artesian well that did not flow and two of the flowing wells
vere equivpped with pumps, and tkey ranged in rate of pumped discharge
from 150 to 500 gallons a minute. The pressure in flowing well 1952 was
sufficient to raise a coiumn of vater 23 feet above the land surface vhen
the well vas completed. The pressures in the other artesiam irells ere
reported to have been less than 23 feet.

The non-artesian irrigation wells ranged from 50 to 240 feet in
depth and were generally betuecen 12 and 16 inches in diameter. Prior to
1940, most of the wells were dug within a fcot of the water table and a
hole was augered into the water-bearing strata. Wells drilled since
1240 have been 12 to 16 inches in diameter, cased from the land surface,
and the casing perforated opnosite the water-bearing beds. These pumped
irrigation wells range in rate of discharge from 250 to 1,200 gallons =
minute. The specific capacities of 24 wells ranged from 20 to 87 gallons
a minute for each foot of drawdown.

Table 2 shows records of typical wells in the basin.

Fluctuations of the water level

Meinzer and Keltordlo/ state that the water levels in two wells vere
reported to have declined 7 feet duriiiz the 35 years prior tec 1910. Both
wells were located east of the playa. A ccmparison of the depth to water
in 1210 with that in 1946 shows that the water table has declined in
most of the ‘Tillcox Basin:; however, the amount of decline has not been
the sarme in all parts of the basin. In the vieinity of the playa tke
altitude o the vater table in 1946 was from a fraction of a foot to
5 feet below the level in 1910, and in areas vhere ground water was
pumped for irrigetion the vater table in 1946 was as much as 25 feet
below the 1910 level. The Geological Survey has bcen measuring rater
lovels periodically irn selected ells in the basin since Nay 1942.
Tater-level fluctuations in four typical wrells are graphed on figure 1
for the period 1942 tc 1946, inclusive.

Well 1953 is 14 miles southeast of Jillicox, in an area where the
anrual pumpage of ground weater kas been mcderate to light. The water
teble declined about 3 fect in the vicinity of this well betizeen 1910 and
1942, and declined 1.5 feet morc tbetireen 1542 and 1946, The water level
in this well fluctuated through a range of 1.7 feet in 1946, owing
principally to the operation of three nearby irrigation welils.

15
Meinzer, 0. 8., and Xelton, F. C., Gesolcgy and water resources of
Sulphur Spring Valley, ariz.: U. S. Geol. Survey iater-Supply Paper
326, p. 102, 1913.
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Jell 1700 is 8 miles southwest of Willcox, in an arez where no grourd
water is pumped for irrigation. The water table declined about 6 feet in
the vicinity of this well between 1910 and 1942, and 4.0 feet more between
1942 and 1946. The water level in this well fluctuatezd through a range of
1.7 feet in 1946. During the early summer months of 1946 the increased use
of ground water by mesquite in the vicinity of the well and the increased
evaporatvion of grcund water from the playa lowered the water level. The
summer reins reduced the draft unon the ground-water reservoir, and tie
water level partially reccvered.

Wlell 1585 is 1 miie rorthwest of “Tillcox, betwreen tuae playa and an
area uhere ground water is pumped for irrigation (see Dl. 1). The
irrigaticn pumping has reduced the slome of the water table toward the
nlaya and has lowvered the water level in the vicinity of well 1885. The
wvater tatle declined about 18 fect in the vicinity of this wrell betiieen
1910 and 1942, and 2 fect more betucen 1942 ard 1946.

Tell 1582 is an unuscd well 5 miles northuest of Tillcox and about
13 miles south of a heavily pumped area (sece pl. 1). This well was drilled
as a test to dotermine the possivilities o obtaining artesian water.

The log of this well (tabhle 2) does not indicate that the casing was
perforatcd from the land surface fo 375 fcoet; the casing belov this level
was removed soor after the ell 7as ccmnleted. Probably the ell casing
has no perforations, because the graph of water-level fluctuations in the
well (see fig. 1) does not shou the scasonal effects of nearby pumping
for irrigation. Hovever, the trend of the water level in well 1582 has
beer dotawvard, indicating that the shallow, heavily pumned aquifers in
the vicirity may be connected with the deever aquifers tapned by this
well. The water tablc declined € feet in the vicinity of well 1582
betweer 1210 and 1942, and 2 feet mcre between 1342 and 1946.

Well 1527 is 2 miles northwest of Willcex in e heavily pumped area.
The water table declincd 13 feet in the vicinity of this well between
1210 ard 1942, ard 8 fcet more between 1942 and 1946. Pumping of ground
vrater fcr irrigation causes the water table to be depressad in the
pumped arca during the pumping seascn. 4 core of influence or depression
devclops in the watcr table as the water is withdrewn. After the pumping
seasc, the deeper part of the depression is filled with ground water
that moves in from outside the punped area. This is the reeson that
water levels in wells within the derressiorn decline throughout the pumpirng
season, end then graduaily recover after the pumping season. Records of
water-lavel measurements show that the depression of the water table in

he vicirnity cf well 1527 is not commletely filled each year before the
rext purping season begins.

(a4
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fe yield of the ground-water reservoir

The most vital concern of farmers in the Willeccx Basin is the
determination of the quantity of water that can be pumped arnvally from
the grourd-water rescrvoir withcut depleting the supnly availgbie for
continued cconemical pumping. Ilic arnual sar> yield is affected by many
factors that cannot be evaluated with existing deta and, thercfore, no
estimatc of the annual safe yicié is givews irn this repert. Before the
safe yiecld can be determined, mere accurate duta are nceded fer the
dischargc of ground water Irom the basin by cvaporaticn, by transpiration
throush mesquite and ctlier phreatopiaytes, ard by movement inte other
basins. In addition, lorger reccrds are needed of the fluctuations of
water levels i wells and of tle discharze o ground water by purped and
flowing wells. However, none of the existing data indicate that the
annual safe yield of the Willcox Basin has been excesded.

!L

[
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QUALITY CF VATZR
By
J. D. Hem

Chemical character of the ground water

During the study of the Willcox Basin in 1946, 92 samples of ground
water from the basin were analyzed. Table 4 lists analyses of typical
ground vaters in the basin. The analyses indicate that most of the
waters of the basin contain modercte amounts of dissolved matter,
ranging in dissolved solids context from 150 to 300 narts per million.
These waters contain mostly calcium, sodium, and bicarbonate. In most
parts of the basin, waters from different aquifers in the fill generally
are similar in chemical character.

Ground vaters around the Jillcox Playa are rather highly mineralized,
contairing meostly sodium, sulfate, and chloride. Water from Croton
Spring (see analysis 1829, table 4), about 3 miles north of Cochise, had
2,940 parts per million of dissolved solids, mostly scdium and sulfate.
This was the most highly mineralized water fournd in the basin in 1946.
‘laters containing less than 100 parts per million of dissolved solids
occur in a few places, mainly in areas near the higher mountains at the
north end of the basin.

Relation of quality of water to use

Irrigation

Most of the ground water being used for irrigatiorn in the btasin is
"excellent to gcod" fqgr this purnose, according to thae standards of
Wileccx and Magistad;§7. None of the waters tested for borate contained
sufficient amounts to be harmful to crovs grown in the basin. A few
samples from the basin were sufficiently highly mineralized to be
considered "good to injurious” or "injurious to unsatisfactory" for
irrigation. One reason that few highly miner=zlized samples were
ccllected is that the scils are not satisfactory fcor farming in most of
the areas where the ground waters are highly mineralized:; consesquently
there are few wells in these areas.

Domestic use

liost of the ground waters of the basin are rather hard but only a
Tew waters contain encugh dissolved matter to have a acticeable taste.
Grourd waters in the vicinity of the Willcox Playa are too highly
mineralized to be satisfactory for domestic use.

The main vroblem in obtaining satisfactory damestic water supdplies
in the basin, esnecially south of Uillcox, is to find 2 water that is
loz in fluoride. On the basis of the analyses, it is zoparent that many
ground waters in the basin contain too much fluoride to be used for
drinkinz by young children without risking mottling of their tooth enamel.

16

—h/Uilcox, L. V., and Magistad, C. C., Internretation cf analyses of
irrigatior waters and the relative tolerance of plant crops: TU. S.
Dept. Agr., Bur. Plant Industry, Soil and Agr. Research Administration;
Riverside, Calif. Mimszogranied, & pp. May 1943.
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According to the U. S. Public Health ServicelZ/ a satisfactory drinking
water should contain no more than 1.5 warts per miliion of fluoride.
Ground waters north of Wilicox generally contain less than 1.5 parts per
million of fluoride. Ground waters near the Willcox Flaya are high in
fluoride, the maximum content occurring in the water from Croten Springs.
A sample of this water contained 16 perts ver million cf fluoride
(analysis 1828, teble 4) and some cof the other svring waters in the
vicinity had nearly as rmch. South of the playa ground waters generzlly
contain from 2.0 to 6.0 paits per million. Along the southern edge of
the basin, east of Pearce, fluoride concentrations generally are less
than 2.0 parts per million and some of the waters in this area contain
less than 1.0 part per million. Near tlie mountains on both sides of the
basin the fluoride content of ground water generally is less than 1.0
part per million.

Relation of quality of water to recharze and source of dissolved
- matter in ground water

The most dilute ground traters of the Willcox Basin occur in the
principal recharge arecas. Areas of dilute water are located in the
north end of the basin and along the cdges of the older fill, near the
mountains. The effect of recharge on the quality of ground water in the
basin is less noticeable in areas near low mountains than in areas near
the high Pinaleno Mountains to the north and the Chiricahua Mountains
to the east.

Ground waters moving through the fill away from recharge areas
increase gradually in concentration, although the low dissolved solids
content of most of the ground water in the basir is an indication that
2 large proportion of the valley fill material contains little soluble
matter. The ground water is most highly mineralized in the vicinity of
the Willcox Playa. Ground water has been discharged by evaporation and
transniration in the vicinity of the playa, leaving soluble material
behind. In addition, soluble mattcr has accumulated in the playa from
evanoration ot surfacc water. These processes have concentrated tie
dissolved matter in the fill and in the ground water in this arca.

The waters from Croton Sprirgs and otlaer springs west of the rlaya
are more highly minerzlized than waters from the shallow wells in the
ncighborhood, and the sprinz waters arc proportionately higher in sodium
sulfate and chloride. Consideration of the analyscs above indicaics the
possibility that the springs may bc supvlied by deep-scated artesian
aquifers. However, as the watcrs are not thermal, it is more likecly
that the waters ¢f the springs became highly mineralized by leaching

iaya dcposits in the fill,
o
Public Health Scrvice drinking water standards, 1946: Reprint
nec., 2697, Public Health Rocports vol. 61, no. 11, pp. 371-384,
Liarch 15, 1946.
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Discharge of dissolved solids from the basin

With regard to disposal of dissolved salts the Willcox Basin is
essentially undrained, althougk small amounts of dissolved matter are
contained in the ground water that moves from the basin into the
Aravaipa Valley, the San Simon Basin, and the Douglas Basin. Dissolved
matter is accumulating in the ground water and valley fill at the lorest
vart of the basin, in the vicinity of the Willcox Playa. The
accumulation has been slow because the amounts of dissolved matter
entering the basin in surface runoff are probably small. If the water
table in the heavily pumped areas were lowered sufficiently some of the
highly mineralized water near the playa might move toward the areas
where the water table had been lowered. This movement would probably
bring more highly mineralized ground waters into the heavily pumped arsas
and cause some wells in these areas to yicld progressively saltier wvater.

A source cf dissolved salts in the ground water is the drainage
from irrigated lands. This drainage water sceps dowmsard, carrying with
it some of the soluble salts that rere formerly contained in water
avanorated or used by the plants. As the ground waters are generally
dilute, this effect is likely tc be so slov as to be almost unnoticeable
for thc vperiod since irrigation began in the basin. This effect will
contribute to the accumlation of dissolved matter in the ground-water
reservoir.

A comparison of the analyses made during 1946 with those made in
19101§/ indicates in a general way the changes in quality of water that
Lave taken place in the 36-year period. In most of the basin these
changes have been slight. A few wells in the areas of dilute water shoiwr
slight decreases in concentration, duc probably to movement of ground
water from arcas of recharge toward pumped areas. Thce area of highly
mineralized ground water surrounding the Yillcox Playa has apparently
expanded toward the southeast during the period. Water from several
1olls in T. 16 S., R. 25 E,, increasod considerably in concentration
from 1910 to 1946.

SULMARY AND COHCLUSIONS

The Villcox Basin is part of a broad debris-filled northwest-
trending valley that lies between t70 chains of mountains in
southeastern Arizona. The mountains rise abruptly above the gently
sloping valley, the mountains on the east side rising to higher
elevations ther those on the west side of the valley. The basin does
not have drainage to the outside, but instead has interior drainage
into a large flat, known as the '/illcox Playa.

The basin was formed bty great northwest-trending faults which
caused the down-dropping of the valley and the uplifting of the mountains
of the regicn. During and after the faulting, the dowrfaulted or valley
trough received great thicknesses of alluvium from the upfaulted masses.
The carliest fill in the trough consisted almost entirely cf volecanic
debris, and as erosion of the mountain masses progressed the trough
received less volcanic material and more non-volcanic material. One or

18
Meinzer, O, E., and Kelton, F. C., Geolog’ and water resources of
Sulrhur Spring Valley, Ariz.: U. S. Gcol, Survey Water-Supply Paper
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more lakes occupied the Tillcox Basin cduring the time that the upver
parts of the rill were being depcsited. Thick beds of clay were deposited
writhin the lake or lakes.

Generally, the hard rocks oi the mountains do not yield water readily
to wells. The Recent fill of the stream channels in the mountains is not
sufficiently extensive to be an important aquifer. The principal aquifers
in the basin are the permeable lenses of sand and gravel in the older fill.
Water in shallow aguifers in the older fill generally is not under
artesian pressure, and is pumved for irrigation use. The lake beds of the
older fill near the Willcox Playa are largely clay and silt, but they
include fingers of sand and gravel containing water under artesian
pressure.

Vlater recharges the ground-water reservoir of the older fill by
seepage from: (1) stream flow and sheet runoff on the coarse materials
near the mountains; (2) irrigation water applied to the land; and
(3) rrecivitation.

Ground water is discharged from the older fill by evaporation, use
by phreatophytes, through wells and springs, and underground movement out
of the basin. Approximately 125,000 acre-feet of ground water is
evaporated or used by grasses, salt bush, and mesquite in the vicinity cf
the playa annually. The amount of ground water moving out of the basin
is prebably small. Ground water has been cbtained from wells Teor
irrigation since abeut 1905. 1In 1946, 15,500 acre-feet of grcund water
was obtained from about 90 wells to irrigate 5,000 acres.

A compariscn of the depth to water in 1910 with that in 1946 shous
that the water table has declined as rmch as 10 feet in the areas away
from pumping for irrigation, and hes declired as much as 25 feet in the
heavily pumped areas. The greatest amount cf lowering occurred in the
pumped area northwest of Willcex.

The annual safe yield could not be evaluated with the existing data,
although none of these data indicate that the annual safe yield has beer
exceeded. The amounts of ground water discharged annually by evaporation,
phreatophytcs, and movement from this basin into adjoining basins,
together with a longer period of record ¢f the annual discharge from
purped and flowing wells and of the rmater levels, must be obtained defore
the annual safe yield can be accuratcly determined.

Water analyses indicatc that most of the waters in the basin, except
thcse in the vicinity of the playa, contain moderate amounts of
dissoived matiter. Ground watcrs pumped for irrigation generally are
suitable for the crops grown in the basin. Most of the waters in the
basins arc¢ hard. Yfaters north of Jilicox do not contain flucride in
concentrations that would be harmful to the teceth of growing children.
However, most of the waters in the other parts of the basin contain
fluoride in objectionabdlc amcunts.
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Table 2..

(411 wells are drilled.

Records of tyvical wells and springs in Willcox Basin,
Cochise and Graham Counties, arizona.

otherwise noted in "Remarks" column).

Cwner

Dateédltitude gDepth gDiameter
iabove '

Wells are in Cochise County unless

com-

of

ple-isea leveli well

of well
{ (in.)

afMeasuring point
curbd, )
b/C, cvlinder; T, turbine; W, windmill; D, diesel; E, electric; G, gasoline;
number indicates horsepower,

% ted i (feet) : (feet):

7.85.,R 238
2300 | NE3SW} sec. 32 (76 Ranch - - - - -
. TR e T

: iSierra Bonita!
260l | HELWZ sec. 6  ; Ranch - - - 1,985 -
2. 12 5. ,R. 24 E!

1527 | NW3NW% sec. 28 Unknown - 1942 - - 6
a/ Clifton .
1730 ....... SEgSWE sec. 20 i Tuck i o - A o8 ;.26
d : 5
1539 | N\W1SE} sec. 28 :C. A. Church | - - - 132 -
A .28 G RS A SRS S5 L0 SO
1542 ; SEISE} sec. 32 iBen “hite . - - i - 124 -
1547 | SE4SW} sec. 34 iS. E. Evans - 19%; - 107 | 16

' 7.135.,R 243, :
1582§ TWiiWi sec. 16 State of iState of § : §

Ariz. i Ariz. 1932 - 11,356 ¢ 16
158b§ MWLl sec. 23 iJ. J. Meyer { - 1920 - j 50 g8
1585 | SWiSW} sec. 25 iW. A. Hines - - - - 12

was usually top of casing, tov of pump bace, or too of well
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Well records by RBR. L. Cushman and M. B. Booher

: Water 1evel ; : i i
No.: Depth Date of | Pump :Use :Temp.:
i below imeasure-: and | of °F.
i measur- {ment ! poweriwater i
. ing point b/ oef
[ (feet) a/ : : ' Remarks

Spring in Taylor Canyon.
; Zstimated diccharge 2 gallons a
- g - - - imimte lct. 2, 10U6,

i d Well is in Graham County.
- N - i See log.

1527 : 55.9 May 13,
; D19k
6u.L {Dec. 11, :
..1946  : C.w IS 66 i See graph, figure 1. .
: ; ¢ T,D, ' Measured discharge 600 gallons a
1530 § - - i’ il { ~ iminute June 11, 19U6.
e & T : ‘QCased tawiéﬁmfgéf"M€£§ﬂ¥é&“&i§:””"
1539 i - Po- - o R ¢ €6 : charge 610 gallons a mimte
: : i : L april 5, 1946. See log.
Veasured discnarge RN gallons a’

[
N
=
n
]
[
n
n
[ ]
[en)
on
E
e
[+
ct
o
3]
’1
e
|-J
N
—
‘é
[92]
(]
: @
p-.a
o]
(N

—
N,
=
A
£
o !
~.
'

=]
=
{

t

:minute See log.

1582 i 29.2 ‘May 13, : H
: ; { 1ok : i Test well drilled for artesian
32.1 . Dec. 11, ; i water. See log.
" 194 | None (¥ - iSee graph, figure 1.

152k ? 3.6 fMay 13,

39.8 Dec. 12,

ST Y R FSSPOUS Heereestrasne e sen sen

1585 % 22.8

25.7 : : :
_ ' 'S : Gh See graph, figure 1.
el S, “stock; 1, 1rr1gation, B, "domest1e: W, ot uged.”
d/ See table 4 for analysis of water.
e/ Water level reported.
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Table 2. Records of typical wells and springs in Willcox Basin,
Cochise and Graham Counties, Arizona-Cont.

o, iLocation :Cwner i Driller | DateiAltitude :; Depth ;Diameter
i : i i com-iabove i oof ‘of well
ole-isea level! well : (in.)
ted ; (feet) (feet)

a/ P, I : : :
1588 NE1SWE sec. 35  {Pregenzer | - Po1938 -

Ira
1592 w—%—:ml sec. 3 i;c. C. Bowen gspenser io1946f -

f675.Sw;SE%-sec. 3 éMark a. Cook§ - % - ik4,300 § 118 § 6

1700§NEiXH% sec. 36 gFoy Proctor | - - ik 210 50 6

.....................

: Willcox Cil | : ;
175«&5 #23%L sec. 9 rand Gas Synd. - - - 2,360

1

8/

1828 SWiiZ: sec. 6 fUnknown § - § - 14,150 § - § -

. 15 8., R. 2% © E;
: iarzberger : é ; ;
190} IFV%.-SE%:' sec. 19 well #1 - - - 3'235

‘7,168, % 25 E
-V :Georze M. } : g ; {
1052 Fehwl sec. 9 ‘anderson - Kyle i 1933 - i 380 6

R SRR I L PRSI NP SO ST PO SO

: §B. B. : i ; : :
1953 WORTEL sec. 11 ;Gibtons I - ikaar 2 - 06
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Water level : : : !
No.: Devth Date of ; Pump : Use ' Temp.!
below measure-; and : of | °F.:
{measur- :ment ! power water! {
‘ing point i

(feet) ?’./ Remarks

1588 i 21.4  iMay 12, | i { !
: Pk : : %
. 19ue iCW (DS 1 6hi-
{ Sept. T,6, ! 7 Heasured discharge 8L0 gallons a
1892 uk 1046 ¥6m£”;m'«“§.'§§§ minute June 11, 194€. See log.

B IMeasired discharge W20 gallons a ™
1616 : - P 15 {1 { 66 iminute april 11, 1946. See log.

1675 1105.9 | 1986 C.W S | 69 -

19%  C.¥ :D,S | - | See graph, figure 1.

ceremesnteciisaenneatiniates B T Y FTRT

§ See log.

[

-4

(o))

=
1
'
1
!
i

[
o
n
[0
|
i
|
7]
|

................................

{ Crotor Springs. Estimated dis-

i charge 1 gallon a minute Feb. 14,
{1946. Seepage from spring mound at
i margin of Willcox Flaya.

1903} - . - . TFone N | - :Gil test. See log.

: § § é ; %Estimated flow 85 gallons a
1952 i Flows {1933 : None | I . 72 :minute May 1942. See log.

194 _iCN : S | - 'See graph, figurel,
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Table 2. Records of typical wells and springs in Willcox Basin,
Cochise and Graham Counties, Arizona-Cont.

D S LT LT P LT T L T AL ERT T EP PR P TR R R PR ; ......

¥o. :Locatien : Cwner i Driller | Date Altitude  Depth | Dlameter
5 { : . com-above § of of well
ple-isea level: well (in.)
ted | (feet) (feet)

[oh]

)

af : ? : i :
1956: SER'EL sec. 16  School land ! - : ibi190 -

: : Sherman C. : : ; ;
196355EANE% sec. 23 : Ingle : - i - ibees 1108 16
sec... “Byren e S .

1976 SE sec. 1 : Forsyth

0 DT 2

197S§SE%S 1 sec. 10 grred Ackey { Parker Fo- - ©o236 16

T 175., R 258

2175 SWZSE% sec. 19 ;Unknown § - E - éh,jso § 190 | -
- et B T : e
2190 SW U&- sec. 9 Jack Crews Pa*ker o= - : 1}0 e

..............

?

~ curd,
b/C, cylinder; T, turbine; W, windmill; D, diesel; E, electric; G, gasoline;

number indicates horsepower,



Yo.! Depth

Water level
iDate of
ibelow  measure-
measur- @ ment
{ing point:
 (feet) a/

§ Pump gtfse
and { of

1956 :

: powergwater
b/ ef

 Temp. |
S

28

Remarks

37.9
36.2

411

§See log.

1976 L % T .6 LI miDo
- Sept : T,D, i Reported drawdown
i 139 I - 1550 gallons a minute.

a1k

sge/ 1046

80 feet pumping
See log.

%161.6

2190

g 369/ 519u6 TG

n.

| 55-130 feet. See log.

c/ S, stock;

d/ See table Y for analysis of water.
e/ Water level reported.

:i'c--..;.-.ﬁ.’ i

not used.”
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Table 3. Logs of typical wells in Willcox Basin, Arizona

Thickness ;‘Depthl

T
(feet) (feet)

ST €.X.1.2 MO €400 )
“Log of well 260U, Graham County |~

g BEweTTIESg T

Sierra Bonita Ranch, owner ;
NEINWS sec. 6, T. 11 S., R. 23 B.!

iC. a. Church, owner
i NW4SE sec. 28, T. 12 S., R, 24 Ei

Soil and clay - -~ - - - 4o 40 iTop s0il - ~ - - = - - - 2 )
Water gravel - - - - - 20 60 iiCaliche - - - - - - - - 1 3
Ted clay - - - - - - - 100 160 i Sand and clay - ~ - - - 6 9
Water cravel - - - - - P 180 iiflay = = = = = = = = = = ug 58
Ped clay - - - - - - - €0 240 {Gravel and fine sand - - 6 bY
Water gravel - - - - - 0 260 litravel - = - = = = - - = N 63
Red md - - - - = - - 30 290 iiClay - = ~ - - - - - - - 4 72
Sand and gravel - - - - 10 300 iiGravel - = = = -~ - - - - 4 76
Red mud - - =~ - - - - = 30 330 iClay = = - = - = = - - - 4 80
Water gravel - - - - - 90 420 i Gravel — = = = = = - - = 4 gl
Ped clay with some water 180 600 iiClay - - - = - = - - - - 4 g8
Qick sand iGravel - - - - = - - - - L 92
(160 ft. to water) - - 30 630 iClay - - = = = = = = = = 4 96
Red rock - - - - - - - 0 650 Gravel - - - - - - - - - L 100
Cavey sand - - - - - - 15 665iClay - - - = - - -~ - - - 16 116
Red rock - - - - - - - 10 675 iFine sand - - - - = - = L 120
Cavey sand = - - - = = 15 | 690 i0lay - - = = = =~ = = = = 12 132
Red rock - - - - - = - 320 :1,010 iTOTAL DEPTH - - - - - - 132
Yellow clay - - - = - = 8 :1,080
Red rock - - - - ~ ~ - 10 i1,1CO iiLog of well 1542
Yellow clay - - - - - - &0 1,120 #3en White, owner
Ped rock - - ~ - - - - 60 11,180 :iSELSZi sec. 32, T. 12 S., R. 24 .
Yellow clay - - - - = = 20 1,200 iClay = - = =~ = = = = = = 10 © 10
Red rock - - - = - - ~ 85 :1,285:iSand - -~ - = = - = = - = 10 2c
Brown sand - - - - - - 50 :1,335iClay = - ~ = - - - = - - 15 35
Gray sandy shale and clay 45 11,380 iSand -~ - - - - - - = = - 21 56
Red sand - - - - - - - W 1,boiclay - - - - - - - - - - 19 75
Hard red rock - - - - - 50 i1,470:iSand - - - ~ - - - - - - 4 79
Sand vellow clay - - - 20 1,490 iClay - - - - - - - - - - 3 g2
Gray shale - - - - - - 20 1,5l0:iSand - - = = -~ - -~ - ~ - L 36
Brown sandy shale -~ - - 100 1,610 §§Clay and samd - - - - - 38 12U
Brown sand - - - - - - 375 11,985 :T0TaL DEFIH - - - - - - 124
TOTAL DEPTH - - = - = = 11,085
' Log of well 1547
'S, ¥, Evans, owner
L SELSWL sec. 34, T. 12 S., R. 24 &,
Sand and clay - - - - - 10 10
iiSand and gravel - - - - 6 16
illay = = = - = - = = - = 36 52
‘Sand, water - - - - - - 5 57
:Gray sandy clay - - - - 12 69
i’Sand and gravel - - - - 9 78
::Clay, yellow - - - - - - 11 89
:Sand and gravel, water - 8 a7
©Clay, yellow ~ - - - - - 10 107
STOTAL DEPTE - - - - - - 107
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Table Z. Logs of typical wells in Willcox Basin, Arizona-Cont,

Thickness :Depth i Thickness: Depth
o (feet) i(feet)i: (feet) :(feet)
Tow of well TREE T S L T T S T S Rl
State of Arizona, owner : iBlue shale, sticky - - - 18 i L6o
NWiNWE sec. 16, T. 13 §., R, 24 E: iiGray sandstone, hard - - 6 : Lb6b
Top soil - = = = = = = = 3 3 iGray shale = = = = = - = 14 480
Caliche - - - - = - - - 2 S iBlue clay - -~ - - = - - 50 530
Yellow clay - - - - - - 13 ¢ 18 Brown clay - - - - - - - 65 ¢ 595
Red clay - = = = = = - = 17 ¢ 35 [Hard gray sand - - - - - 3 1 598
Sand and gravel, water - 5 | 40 Brown clay - - - - - - - 138 . 736
Sandy clay - - = -~ - - - o | 80 iGypsum - - - - - - - - - 3 139
Clay ~ = - = = = = - - - 3 ¢ 83 :iBrown clay - - - - - - - 156 895
Sandy clay - - - - - - - 35 ¢ 118 :Brown clay and gypsum - 23 i 918
Sand, water - - - - - - 3 121 iiGray clay - - - - - - - 2 i 920
Packed sand - - - - - - 13 134 iBrown clay and gypsum - 2 @ 92
Sticky yellow clay - - - 6 140 iDark brown clay - - - - 228 1,150
Sand, gravel, and clay, Brown clay and :
water - — - = = - - - ~ Y 144 & crystallized gypsum - — L 11,154
Fine gravel and sand - - 6 150 i{Brown clay - - - - - - - 126 1,280
Yellow clay - - - - - - 2 152 ::Sandy bdbrown clay - - - - 10 1,290
Sandy clay - - - - - - - 15 167 iBrown clay - = - - - - - 20 :1,310
Sticky bdlue clay - - - - 13 180 {Dark brown clay - - - - b6 11,356
Brown clay with sand - - 8 188 i TOTAL DEPTH - - - - - - 1,356
Sticky blue clay - - - - 24 212 i '
Brown sandy clay - - - - 6 218 {Log of well 1592
Sand and gravel, water - L 222 iiC. C. Bowen, owner
Sandy clay ~ - = = = - - 21 243 inwinwl sec. 3, T. 13 S., R. 24 E,
Sticky yellow clay - - - 18 261 iiClay and caliche - - - - T
Sand, water - - - - - - Yy 265 iGravel and sand, some j
Gray shale -~ - - -~ - - - 2 267 i clots of clay =~ --- 16 * 60
Brown sandy clay - - - - 5 272 iClay, heavy - - - - - - 2 1 62
Sand and gravel, water - 7 279 :iCreek gravel and sand - 14 g 76
Blue sandy clay - - - - 23 302 :Small gravel and water sand 12 88
Fine gravel, water - - - 8 310 :Heavy clay - - -~ - = - - g" :gg' 8"
Blue sandy clay - - - - 6 316 :Smail gravel and water sand 7'u4m: 96
Large gravel, water - - 3 319 HTCTAL DEPTH - - -~ - - - .96
Fine sand and clay, water 1 320 i
Gravel, water - - - - - 4 324 iLog of well 1616
Blue sandy clay - - - - g 332 iL., L. Church, owner
Sand, water - - - - - - 1 333 fﬁﬂé}“% sec. 5, I. 13 S., R. 24 E.
Blue sandy clay - - - - 1 340 iTop s0il - - - - - =~ =~ = 4 4
Sand with little clay, water 3 U3 :Clay -~ ~ - = =~ - - - - - 20 ¢ 24
Darkk brown sandy clay - 7 350 iGravel and sand, dry - - 15 : 39
Fine sandy gravel, water 11 361 Clay - = = = = = - -~ = - 15 54
Blue sandy shale - - - - 10 371 {Fine sand - - - - - ~ - 10 o4
Blue shale, hard - - - - 21 392 Coarse gravel - - - - - 20 . 8l
Gray shale - - - = - = = 6 398 iflay - = = = = = = = - - 20 1ok
Light gray shale - - ~ - 5 403 :Sand and gravel - - - - 6 110
Gray shale - - - = - - - 9 412 "TCTAL DEPTH - - - - - - 110
Blue shale - - - - - - - 10 42
Gray shale - - = = - - - 20 L2
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"mmwiﬁigi;;gggﬁéiiﬁm

............................................................... Afeet) (fest) (feet) . (feet)
Log of well 1784 ) : Log of well 178L-Cont. A
Willcox Cil and Gas Syndicate, owner ‘Lime shell - - - - - - - 10 i1,3%0
SELSEL sec. 9, T. 14 S., R, 25 E, :Tellow clay and gravel 10 11,360
Yellow clay and sand - - - 55 . 55 (Red sandstone and clay 30 11,390
Salt water sand - - - - - 13 . 68 :Hard coarse sand - - - 20 1,40
Yellow clay = - = = - = - 17 i 85 iConglomerate - - - - - - 35 11,445
Water sand -~ - = - = - - - 5 i 90 ;:Quicksard and gravel, :

Blue clay - - = = = = - = 260 ¢ 350 i flowing hot water - - 15 1,40
Sticky shale - - - - - - - : iBrown sand rock - - - 15 1,475
Lime shell - - - = = - - = Yellow clay and gravel L5 1,520
Sticky shale - - - - - - ~ {Hard, sharp sandstone 10 1,530
Conglomerate - - — - - — - {Yellow clay and gravel 30 1,500
Yellow shale - - - - - - - iHard brown sand - - - 15 11,575
Lime shell - - - = = - - - {Yellow conglomerate - 55 11,63C
Red. ped and gravel - - - - iPink sand - - - - - - - 15 1,645
Sandy lime - = = = - - - - {Yellow clay and gravel 5 1,650
Red mud =~ =~ = = = = = = = {Hard red sand - - - - - 10 1,660
Lime shell - - - = = - - = {Yellow clay and gravel 5 {1,665
Red bed - -~ = = = = = - = {Pink sandstone - - - -~ - 15 {1,580
Sandy shale - - - - - - - {’Red sand rock - - - - - 105 (1,785
Lime shell - - - - - - - = i3rown shale and sand - 25 11,810
Sandy shale - - - - - - - ;Red sand - - - - - - - - 20 :1,8%
Hard sand - - - = - - - - :Blue and brown shale - 10 1,840
Red bed and gravel - - - ~ 5 {iBlood-red sandstone - 4s 1,885
Conglomerate - - - - - - - ¥ 20 51,905
Fresh water sand - - ~ - - {Brown sand - - - - - - - 105 {2,010
Cemented gravel - - - - - :Yellow sand - - - - = = 55 2,065
Red bed - - - = = - - - - {Red sand - - - - - - - - 5 2,070
Cemented gravel - - - - - ;:Brown sandstone - - - - 100 : 2,170
Red bed - — - = = = = = = {Water seepage - - - - - 3 2,173
Sandy gravel — - - - -~ - - iBrown sandstone - - - - 62 2,235
Conglomerate -~ - -~ - - - - {:Sand and gravel, water - 15 2,250
Red chalk - - = = = - - - ::Red and brown sandstone 50 2,300
Sand and gravel - - - - - i'Sand and shale - -~ - ~ - bo 2,340
Water sand - - - - - - - - {‘Red sand and gravel - - 20 2,360
Lime shell - = - = - = - - ! TOTAL IEPTH - - - - - — 2,360
Sandstone - - - - - - - - 1 :
Conglomerate — - = - - ~ -

Yellow clay - - - - ~ - -

Sandstone - - - - - - - -

Sandy lime - - = = = - - -

Sandstone - - - = - - - -

Conglomerate - -~ = - - - =

Sandstone - - - -~ - - - =

Sandy lime - - - = = = = =

Sandstone - - - = - - ~ =

Water sand - -~ - - - - - -

Conglomerate - - - - - - -

Yellow clay and gravel - -
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Table 3. Logs of tyvical wells in Willcox Basin, arizona-Cont.

" ThicknessiDepth i Thickness: Depth
N (feet) (feet) o (zeet).(feet)
L o S B B R o) 7Y R Rk
Arzberger well #1 ; i:Very hard brown gravel - 15 1,1k0
NW1SE} sec. 19, T. 15 S., R. 26 Ej i Brown sand and gravel - - G0 :1,230
Yellow clay - - - - - - - W | U40iiShale, sand and gravel - 15 :1,245
Vhite shale - - - - - - - 43 ¢  83:iHard brown gravel - - - - 5 1,25
Water sand - - - - - - - 20 i 103::Sand and gravel - - - - - 10 1,260
Yellow clay - - - - - - - 2 105::Brown sand and gravel - - 40 1,300
Clay = = = = = = = = = = 5 | 110:iBrown sand, water - - - - 10 1,310
Gravel - - - = - - - - - 15 { 125iBrown sand - - - - - - - 15 11,325
White and yellow clay - - 25 150 i:Brown sand, hard - - - - 15 1,340
Red shale, sandy - - - - 15 i 165§§Brown sand with hard shells 25 §1,365
Soft red shale - - - - - 15 180 ;:Brown sand and shale - - 20 {1,385
Red shale and gypsum - - 70 : 250:iSand, gravel, and shale - 16 {1,395
Red shale - = = = = - - - 5 | 29 iiShale, red - - - - - - - 13 i1,l408
Hard shells - - - - - - - 5 260 i:Sticky red shale - - - - 2 i1,k0
Red shale - - - - - - - - 5 265 iiRed shale - - - - - = - - 5 i1,k5
Hard shells and gypsum - 18 283 :iSand and shale - - - - - 15 1,430
Red shale - - = - = - - - N 287 :iRed shale - - - - - - - - 5 i1,435
Gypsum = - = = - = = - - 8 295iiGypsum - - - - - - = - - 25 i1,460
Red shale and sand - - - 13 | 305iiRed shale - - = - - - - = 5 i1,465
Gypsum shells and red shale 50 i 355iGypsum - - - - - - - - - 75 i1,540
Gravel (water) - - - - - 5 i 360:iGypsum with gray shale - 48 1,588
Red sand and gravel (water) 38 | 398:iQuicksand, dark brown, :
Gravel (water) - - - - - 2 | 4ooi water - - - - = = — - - 4 i1,5092
Red sand and gravel (water) 8 : U408 Gypsum and gray shale - - 6 1,598
Hard shell, very sharp i'Red sand - - - - - - - - 22 11,620
(water) - - - - = = - - L | l12:White shale - - - - - - - 60 1,68
Gravel and boulders - - - 7 i UW19iiConglomerate - - - - - - 10 1,690
Sand and gravel, very hard 166 | 585: Yellow conglomerate - - - 60 :1,750
Sandy shale, very sticky 5 { K90 iiRed conglomerate - - - - 25 1,775
Pink sandy shale - - - = 25 | 615.iGray conglomerate, sandy 13 :1,7%8
Red sandy shale - - - - - 20 i 635:Red conglomerate - - - - 10 1,798
Pink sandy shale and gravel 30 i 6065 :iGray conglomerate, hard - 45 (1,843
Red and pink sandy shale i {iDark gray water sand - - 32 :1,875
with streaks of gravel - 30 i 695 ;.Dark gray grit with small ;
Pink sandy shale and gravel 5 | 700: particles of bentonite - 30 1,905
Sandy gravel with pink shale i {iGray grit with gray shale :
bricks - - = - - - - - 15 : 71552 streaks - - - - - - - - 70 {1,975
Pink shale and sandy gravel 40 i 755 ..Gray sand, hole full of :
Pinz shale and gravel - - 50 | 805: water - - - - - - = = = 5 1,980
Pink shale very sticky - 35 | 840 Gray shale with streaks of :
Pink shale - - - - - — - 16 | 86 sand - - - - - - - - - 15 11,995
Pink shale, sand and { ::Dark gray sand - - - - - 5 2,000
gravel, soft - - - = -~ = 2k i 880 iGray sand - -~ - = - - - - 10 2,010
Pink shale and sand - - - 60 { o40 . Gray shale with sand - - g 12,018
Pink shale =~ - - - - - - 15 | 955:Gray sand - - - - - - - - b2 2,000
Pink shale, very sticky - 6C 1,015 . Sand, water - = - - - - - 20 2,080
Pink shale - - - - = - - 30  i1,04%5: Gray sand, very fine - - 20 2,100
Pink shale, sticky - - - 20 11,065 Water sand gray, hard and 5
Pink shale, sandy - - - - 35 {1,100 :- very fine - - - - - - - 15 12,115

Red sand - - = - - = - - 25 1,125 .Gray sand, soft - - - - - 35 12,150
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Table 3. Logs of typical wells in Willecox Basin, arizona-Cont.

cemreetiicsoetaniann . . .
B ( EEPP ) eeend eeereeeen ) vereisenaen sateen e g . .

e e (feet) : (feet)
Log Of "Yell 190}—C°nt . eee ethiaestas sieteaas ~! evteaca ae . .

Dark gray sand - - - - - Lo ;2,190 ;Hard brown sand - - - - 5 3,035
Gray sand - ~ - - - - ~ 10 {2,200 i:Brown shale - - - - - - 10 3,0L45
Pink shale and sand -~ - 15 12,215 iiBrown sandy lime - - - 30 3,075
Shale streaks in gray sand 10 2,225 iiBrown shale with thin hard :
Gray sand, hard - - - - 60 :2,285 i shells -~ = = = = - - - 25 3,100
Hard gray sand, water - 5 12,290 iBrown sandy lime - - - 25 13,125
Gray sand - - - -~ - - - 36 {2,320 {iBrown shale and thin hard :
Gray sand and red shale 5 2,325 shells ~ - = = = - - - 25 3,150
Gray sand — — = = = - = 23 12,348 :iBrown sandy lime - - - 15 3,165
Dark brown sand, very hard 12 2,350 iiRed limey shale - - - - 15 3,180
Dark brown sand with brown t iiRed shale with lime-covered :

shale streaks - - - - - 20 12,380 i brown boulders - - - - 35 3,25
Dark brown sand, very hard 15 : 2,395 iiRed gravel, water 110°F. 15 3,230
Brown sand - - - - - - - 20 :2,415 iiRed shale - - - - - - - 20 3,250
Red sandy lime - - - - - 10 52.ﬁ25§5ﬂed cshale and gravel - 5 3,255
Brown sandy lime, very g iiRed shale and gravel mixed :

hard at bottom - - - - 25 {2,450 with brown shale ~ - - 15 3,270
Brown sandy lime - - - - 25 2,475 :iRed shale and gravel - 5 3,275
Bed volcanic mud aad i Red lime - - - - - - - 10 3,285

cinders = = - = - = - = 45 {2,520 ;TOTAL DEPTH - - - - - - {3,285

Red volcanic mud - - - - 25 12,5454
Red sani and shale - - - 23 2,568 iiLog of well 1952

Gray sand with small i §§George M. Anderson, owner
showing of lime ~ - - - 52 2,620 ;iNE}WW} sec. 9, T. 16 5., R. 25 E.
Brown sand -~ - - - - - = 20 :2,640S0il - - - - - - - - - 5 5
Cray sand - - - - - - - 15 | 2,655:i%hite caliche - - - - - 15 | 20
Red shale with sand shells 25 2,680 :iBrown clay - - - - - - b5 1 65
Red sandy shale and shells 20 2,700 i:Red sand - - - - - - - b €9
Red sandy lime, hard - - 20 {2,720 iiBrown clay, some gravel Ui 103
Red sandy lime, very hard 15 {2,735 iSand and gravel - - - - 6 | 10§
Ped sandy lime, hard - - 20 2,755 iHard sand rock - - - - 1 ¢ 110
Brown shale and very hard i iiBrown sticky clay, no sand X
shells =~ - = = = = = = 15 12,770 or gravel - - - - - - 8 118
Fed shale and shells - - 10 {2,780{iSand - - - ~ - - - - - 3 121
Fed mud with very thin : {iSticky brown clay - - - 14 135
nard shells - - - -~ - - 30 :2,810iiSard - - - - - - - - - 6 14
Red mud with brown hard : i{Brown sticky clay - - - 75 215
shells =~ = = = = - = = x 2,830 iHard sand - - - - - - - it 22C
Fed mud with thin hard : i!Brown sticky clay - - - 18 238
shells - ~ - - - = - = 25 2,855iiHard sandstone or shale 1 239
Fed mud with hard brown i iiBrown clay -~ - - - - - 19 258
shells - -~ - = = = = = c0 : 2,9h45:iiWhite caliche, lots of _
‘ater in brown grit - - 10 [ 2,655i gravel - - - - - - - - 1 i 277
Erown grit - - - - - - - 10 :2,965:iiYhite and brown clay - 30 . 307
Brown sand and shells - 20 2,985 Sandy brown clay - - - 11 318
Brown shale and shells - 5 12,990i;Gray sand, water rose to :
Brown sandy lime, hard : ;i within 5! of ground surface § } 323
shells - - - - = -~ - = 25 3,015 :Red sand. Flowed 35 gpm :
Erowr shale - - - - - - 15 . 3,030:{ 5 ft. hard brown clay, then :
. water-bearing gray sand 27 i 3%0
S e 30 ¢ 38C

" TOTAL DEPTH - - - - - - 380
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Table 3. Logs of typical wells in Willcox 3Basin, arizona-Cont.
Thickness Depth Thickness: Depth
SN ..o SN .12 ¥ (feet) :(feet)
fog ot el ig6E R Thegat et Bige T T e L EEE
Sherman C. Ingle, owner ) ;Jack Crews, owner H

SEINE} sec. 23, T. 16 S., B, 25 E. SWiNW} sec. 9, T. 17 S., R. 25 E.i

Too soil - - - - - - - - L 4:0lay - ~ - -~ = - -~ - - 54 1 sk
Gravel = = = = = = = = 8 ; 12 iiSand and gravel - - - - 6 8C
Clay - — = = = = = = = = 15 ¢ 27T iflay -~ -~ = = = = = = = 16 96
Clay, gravel - - - - - - 10 © 37 i%and - -~ - - -~ = = =~ = = 2 58
Sand with little water - 3 ¢ Y iClay----~----- 14 P o112
Clay - - = = = = = = = - 1 ¢ 55:iSapd - ~ =~ = = = = -~ = = 301 115
Gravel - - = = = = = = = L 55 iClay ~ - - = ~ = - ~ - = 15 ¢ 13¢C
Clay = - = = = = = = - = 11 : 70 i TOTAL DEPTE - - - - - - {130
Gravel and sand - - - - 3. T3 '

Clay - = = = = = = - - = 3% ¢ 108 i

TCTAL DEPTH - - - - - - 108 &

Log of well 1976

Byron Forsyth, owner

SEiSW: sec. 1, T. 16 S., R. 25 E. 1
Soil - = = = - = - - - - 30 3
Clay and caliche - - - - 11 ¢ 1k
Clay - - -~ -~ - - - - - - 39 (53

0.5 :
flay - = = = = = = = = = L5 i 958

6 1 bui
Clay = - = = = = = = - = % | 90
Conglomerate - - - - - — 10 @ 100
lay - = = = = - = = - - 33 0 133
Sand and gravel - - - - 30 136
TCTAL DZPTH - - - - - - D136

Log of well 1978

Fred Ackey, owner

SELSEL sec. 10, T. 16 S., R, 25 E.
Clay = - = = - - - - - - 55 i 55
Fine sand - - - - - - - 10 i  65i
Clay - -~ = = = = = = = - 3 0 68
Sand - - -~ - - - - - -~ 9 1 MM
flag = = = = = = = = = = 25 io102i
Sané and gravel - - - - L1 106
flay = = = = = = = = = = 24 130
Clay and g¢ravel mixture 10 : 140 i
Clay = = = = = = = = = = 25 i 1651
Sand - - - = = = = = - = o169
Clay = = = = = = = = = = 17§ 136
Sardy silt - - - - - - - 2 i 188
Clay = = = = = = = = = - 38 | 220
Sand - = = = = = ~ = - = g 1 o23ui
Clay - = = - = = = - - - 2 [ 23
TCTAal DEPTE - - - - - - Poa3st
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