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GEOLOGY “AND:-GROUND-WATER -RESOURCES OF
« McMULLEN VALLEY, MARICOPA, YAVAPAI, AND
YUMA COUNTIES, ARIZONA

By Winniam Kam

ABSTRACT

McMullen Valley is located in western Arizona about 80 miles west-northwest
of Phoenix. It is about 48 miles long and 15 miles wide and is drained by
Centennial Wash, an intermittent tributary of the Gila.River. The annual aver-
age precipitation is 9 inches.

The rock units in McMullen Valley are (in ascending order) : (1) Precambrian
igneous and. metamorphic rocks, (2) Paleozoic sedimentary rocks, (3) Meso-
zoic(?) intrusive rocks, (4). Tertiary(?) -sedimentary rocks, (5) Tertiary(?)
extrusive rocks, (6) Tertiary(?) intrusive rocks, (7):Quaternary volcanic rocks,

: and -(8) ‘Quaternary valley-fill -deposits. ~ The. valley-fill. -deposits are divided
- into.four subunits, as follows: (1) Conglomerate, (2) .alluvial-fan deposits,

. -(3) lake:bed deposits, and (4) alluvium. The most conspicuous structural fea-
rturesin the area are tilted horsts and grabens.

The principal: aquifer consists of valley-fill deposits.in the traugh between
the mountain ranges. The buried parts of the mountain-ranges, which are the
boundaries of this aquifer, are effective barriers to subsurface movement of
ground water into or out of the ‘valley-fill deposits. The general -direction of
the movement of ground water in‘the valley-fill deposits is.southwestward to
Salome and then southeastward through Harrisburg Valley. A. buried bedrock
ridge beneath the surface outlet at the southeast end of Harrisburg Valley is a
partly effective ground-water dam. (See p.23.)

‘The ground-water reservoir in the valley-fill deposits is recharged <principalily
by seepage from streams, especially when they flood, and.to a lesser extent by
seepage -from.irrigation. Prior.to the development .of irrigation, ground water

- was discharged from the valley primarily as underfiow and by evapotranspira-
- tion; however, pumping has been relatively heavy in Harrisburg Valley so that

>

little or no ground water now-leaves the valley as underflow, and evapotranspira-

. -tion probably has been-lessened. During 1953-about.6,000 acre-feet of water was

- pumped for irrigation, and in 1957 the :annual pumpage had increased to 21,000
- acre-feet.

© Therate of discharge from irrigation wells ranges from 150 gpm (gallons per
minute) to as mwuch.as. 3,500.2pm, and the specific capacity of the'wells ranges
-from 2 to 114 gpmn.per.ft of drawdown. In the Aguila area, the wells having
the higher specific capacities produce principally from alluvium; whereas, in
the Wenden and Salome-Harrisburg Valley areas, the wells having the higher
specific capacities produce principally-from the alluvial-fan-deposits.. The water

".table has declined in-areas-of eoncentrated pumping, particularly in the south-

eastern part of Harrisburg Valley and north of Aguila.
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The volume of the valley-fill deposits must be very large, because the deposits
underlie an area of about 500 square miles and their maximum thickness exceeds
1,800 feet. The specific yield of the material is estimated to be about 15 percent,
and, therefore, large quantities of water are available for withdrawal.

The concentration of dissolved solids in samples of water from 53 wells ranged
from 200 to 7,410 ppm (parts per million) but in all but 17 was less than 400
ppm. Although the ground water used for irrigation contains a high percent
sodium, most of the water is satisfactory for this purpose, because the total dis-
solved-solids content is relatively low. Some of the water, however, may cause
damage to the soil and crops if not used with caution. Much of the water has a
fluoride content of more than 1.5 ppm, which is the limit for drinking water
recommended by the U.S. Public Health Service.

INTRODUCTION
PURPOSE OF INVESTIGATION

The investigation was made to ascertain geologic and hydrologic
conditions in the relatively undeveloped McMullen Valley and to de-
termine, if possible, the probable effects of extensive ground-water
use. It consisted principally of collecting and analyzing data pertain-
ing to: (1) the lithologic characteristics, thickness, and extent of the
water-bearing materials; and (2) the origin, movement, quantity,
availability, and quality of the ground water. The U.S. Geological
Survey made the investigation in cooperation with the Arizona State
Land Department, Obed M. Lassen, Commissioner, as part of the
Federal-State cooperative program of ground-water studies in
Arizona.

PREVIOUS INVESTIGATIONS

Bancroft (1911), in a reconnaissance report on the ore deposits of
northern Yuma County, described part of the general geology of
McMullen Valley and the detailed geology at the mines. Jones and
Ransome (1920, p. 137) described one mining claim in the vicinity of
Bullard Peak. Ross (1923) described in greater detail the geology
and also described some of the wells and ground-water conditions at
that time. Darton (1925) reported on the occurrence of Paleozoic
fossils in the Harquahala Mountains. The Paleozoic rocks have been
studied at Martin Peak by E. D. Wilson, who found fossils of Cam-
brian age in quartzite and shale at the base of the stratigraphic section
and fossils of Permian age in the limestone near the top of the sequence
(Metzger, 1957, p.18). Kam (1957) prepared an interim report on the
ground-water resources of the area.

FIELDWORK AND MAPS

Fieldwork for this investigation was begun in November 1956 and
continued intermittently until the fall of 1958. The geology was re-
corded on contact prints of aerial photographs and then projected
onto a base map with a focalmatic desk projector. The base map was
prepared from grazing maps and land plats provided by the Bureau
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of Land Management. Geologic mapping of the mountain areas was
of the reconnaissance type, but the geology of the valley-fill deposits
~was studied in more detail. Fieldwork. included the collection of all
“-available well- logs and the examination of drill cuttings from wells.
- Geophysical well-exploration equipment was used on a few deep wells.
- Hydrologic records have been collected for 169 wells of all types
in the area. These data were collected from the files of the Arizona
. State Land Department, from previous reports, and from interviews
with- well . drillers, well owners, pump company officials, and other
persons. Many of the data were collected in the.field by U.S. Geo-
logical Survey personnel.

To determine the position of the water table and to record water-
level fluctuations, 268 water-level measurements were made in 113
wells. Five of the wells had been used for several years as observa-
tion wells. Hydrographs and water-table contour maps were drawn
from selected data. To determine the quality of the water, detailed
chemical analyses were made of water samples collected from 53
representative wells.

WELL-NUMBERING SYSTEM

The well numbers used by the Ground Water Branch of the Geo-
logical Survey in Arizona are based on the Bureau of Land Manage-
‘ment’s system of land subdivision. The land survey in Arizona is
~ based on the Gila and Salt River base line and meridian which divide
the State into four quadrants (fig. 1). These quadrants are designated
counterclockwise by the capital letters A, B, C, and D. All land
north and east of the intersection of the meridian and base line is in
A quadrant, that north and west is in B quadrant, that south and
- west in in C quadrant, and that south and east in in D quadrant. The
first digit of a well number- indicates the township, the second -the
range, and the third the.section. The lowercase letters a, b, ¢, and d
after the section number indicate the well location within the section.
The first letter denotes the 160-acre tract, the second the 40-acre tract,
and the third the 10-acre tract. These tracts also are designated
counterclockwise beginning in the northeast quarter. If it is known
in -which 10-acre tract the well is located, three lowercase letters are
shown in the well number. - In the example shown, well number
(B—4-2)19caa indicates that the well is in the NE14NE1,SW1; sec.
19, T. 4 N., R.2 W. Where more than one well is within a.particular
tract, the wells are distinguished by adding consecutive numbers be-
‘ginning with 1 after the lowercase letters.

ACKNOWLEDGMENTS AND PERSONNEL

The cooperation of the residents of the area in supplying informa-
“ tion concerning their wells is very much appreciated. Especial thanks
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Produce Co., Hogue-McDaniels Farms, Inc., and several individuals
for allowing geophysical logs to be made of their wells. The writer
is indebted to the well drillers and pump-company officials for their
interest and cooperation in the collection of drill cuttings and for
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Salome is at the southwestern end of the area at the intersection
of U.S. Highway 60-70 and the Salome-Buckeye road. Wenden is
on U.S. Highway 60-70 about 5 miles northeast of Salome. A man-
ganese mill at Wenden is the only industrial development in the valley.
The community of Aguila is about 22 miles northeast of Wenden, and
it has become, since 1954, the center of a large-scale farming develop-
ment. The permanent population of Aguila is about 450. - For several
months of the year, however, transients may increase this total to
more than 900.

Prior to the recent development of about 12,000 acres for irrigation,
" McMullen Valley was primarily a ranching and mining area. Stock
raising remains an important part of the economy of the area, but the
mining industry is no longer important.

" " TOPOGRAPHY AND DRAINAGE

The topographic features of McMullen Valley area are characteristic
of the Basin and Range province as described by Fenneman (1931, p.
- 367-377). The Harquahala, Little Harquahala, and the Harcuvar
Mountains trend northeastward and the Granite Wash Mountains
- northwestward.

- The Little Harquahala Mountains are separated from the Granite

Wash Mountains by Granite Wash Pass, and the Harquahala and
" Little Harquahala Mountains are separated by Harrisburg Valley.

The mountain ranges bordering McMullen Valley rise abruptly from
-the alluvial slopes to a. maximum altitude of 5,720 feet at Harquahala

Mountain. .. Eagle Eye Peak at the eastern tip of the Harquahala
- Mountains has an altitude of 2,858 feet. - Salome Peak in the Granite
Wash Mountains and Harcuvar Peak in the Harcuvar Mountains have
altitudes of 3,991 and 4,630 feet, respectively. -Fastward from Har-
cuvar Peak, the summits of the Harcuvar Mountains increase in alti-
tude to 4,957 feet at Smith Peak ; from here to the pass east of Bullard
Peak, the peaks gradually decrease in'altitude. The average altitude
of the valley floor is about 2,000 feet, and the maximum relief in the
area is about 4,000 feet.

About 75 percent, of the drainage area of McMullen Valley -is oc-
cupied by the alluvial valley between the mountain ranges and 25 per-
cent by the bare mountain slopes. The valley floor is elongated south-
westward and has an average gradient of about 10 feet per mile between
Aguila and Salome and 34 feet per mile between Salome and the
narrows dams. : The detrital slopes are concave and rise gently to the
base of the mountains. . Two areas, one along the base of Granite Wash
Mountains and the other near the eastern limits of the area, consist of
gently sloping bedrock. Such areas are termed “pediments.”
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McMullen Valley is drained by Centennial Wash, an ephemeral
tributary of the Gila River. The name probably was derived from
the length of the wash. It continues through McMullen Valley into
the Harquahala Plains and thence to the Gila River—a distance of
about 110 miles.

The character of Centennial Wash in McMullen Valley varies con-
siderably. In the areanorth of Aguila, the drainage has been rerouted
into a man-made channel to protect farmland ; but at the west edge of
the cultivated area, the watercourse consists of a main channel and a
series of shallow braided washes which trend southwestward. Near
Wenden the channel has well-defined vertical walls 8 to 10 feet high
and a flat narrow bed. It retains this characteristic until it makes a
right-angle bend southeast of Salome toward the southeast and enters
Harrisburg Valley. The streambed is about 400 feet wide at one point
in Harrisburg Valley, and the banks are 2 to 4 feet high. Where the
wash leaves Harrisburg Valley, the channel narrows and is controlled
by a bedrock outcrop. The gradient of Centennial Wash in McMullen
Valley ranges from 12 feet per mile along the axis of the valley to 27
feet per mile in the southeastern part of Harrisburg Valley.

The drainage divide in the western part of the area crosses the al-
luvial material east of Granite Wash Pass instead of the crystalline
rocks of the mountains. This condition is common in several places
in the area; however, near Granite Wash Pass, the eastern slope of
the Granite Wash Mountains is drained by deep ravines that drain
toward the valley and that then abruptly turn westward and enter
the Ranegras Plain area through Granite Wash Pass. The topo-
graphic features of this divide, the steep gradient leading to Ranegras
Plain on the west, and the low gradient leading toward Centennial
Wash suggest that headward erosion in Granite Wash Pass will re-
sult in the capture of the upper Centennial drainage.

VEGETATION

Cactus of many varieties is the most abundant type of vegetation
on the higher slopes of McMullen Valley. The varieties of cactus in-
clude the saguaro, prickly pear, and cholla. Along the drainage chan-
nels, mesquite and paloverde are abundant. The vegetation along
Centennial Wash in Harrisburg Valley differs from place to place ac-
cording to the type of soil and depth to water. Several of the plants
and shrubs are classified as phreatophytes, which depend on ground
water for their water supply.

CLIMATE

The climate of McMullen Valley is similar to that of other parts of
southwestern Arizona. It is arid and, so, is characterized by low
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precipitation, high rates of evaporation, and large daily variations
in temperature, - Normally, the relative humidity is low and sunshine
- is abundant. Precipitation on the valley floor averages about 9 inches
annually but is greater on the bordering mountains. On the basis of
- extrapolated data, Hiatt (1953, fig. 11.11) prepared an isohyetal map
that indicates that the average annual precipitation ranges from 16
to about 18 inches in the Harquahala Mountains and from 16 to about
20 inches in the Harcuvar Mountains.
. The U.S. Weather Bureau maintains climatological stations in the
wicinity. of Aguila and Salome (table 1). At the Aguila station,
- precipitation has been recorded.for 28 years and temperatures for 15
years. + At the Salome station, precipitation has been recorded for 44
years and temperatures for 24 years. The altitudes of the Aguila and
Salome stations are 2,280 and 1,775 feet, respectively.

TABLE 1.—Annual precipitation and annual mean, mazimum, and minimum
temperatures at Aguila and Salome

[From records of the U.S. Weather Bureau]

Precipitation (inches) Temperature (°F) "

Year Aguila Salome

Aguila Salome R
Mean™ [Maximum| Mini- | Mean |[Maximum| Mini-

1929 ___________ 6. 51 2,20 fo oo e e
1930 . ______ 10. 61 723 | e e e
1931 _______.___ 18.63 | 10.92 || | e
1932 ______ . 10. 51 8 70 |- oo feeaoas 67.3 | 113 17
1933 ________ 6.63 | 6.81 |______|______l___.|67.3]117 18
1934 ___________ 5,67 509 |____ |- _|oo__ 70.6 | 116 24
1935 _______ 1829 | 1274 |__ ___ .| _____| __.___ 66.9 | 115 24
1936____________| 871 6.70 | 66.1 | 111 22 69.6 | 115 24
1937 . 13197 9.31 1 66.2 | 112 14 68.1 | 114 15
1938___ . _______ 879 7.99 1 65.4 1 113 21 68:0 1 115 24
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TABLE 1.—Annual precipitation and annual mean, mazimum, and minimum
temperatures at Aguila and Salome—Continued

[From the records of the U.S. Weather Bureau]

Precipitation (inches) Temperature (°F)
Year Aguila Salome
Aguila Salome
Mean {Maximum| Mini- | Mean |[Maximum| Mini-
mum mum
1939 _______ 11.02 | 10.57 | 64.8 | 115 18 68.0 | 116 22
1940 _______ 9. 83 7.03 | 67.7 | 113 20 69.7 | 117 24
1941 _________| 1872 | 16.75 | 63.9 | 114 24 65.6 | 112 26
1942 ___________ 5. 35 4.94 | 65.3 | 114 23 67.0 | 115 24
1943\ _____ 6.99 |
1944 .| ___ 10.53 |______|-- S 66.2 | 113 24
1945 __ 6.62 | __ |- |oo__-_ 67.0 | 114 23
1946 ______|_______ 768 | .. __ 67.6 | 113 23
1947 | ____ 2,99 || __ 68.0 | 114 21
1048 . ______ 6. 53 4.72 | 65.2 | 112 18 66.9 | 115 17
1949 . _____ 7.91 500 | 64.5 | 112 18 66.9 | 114 18
1950 | _____ 529 | e 68.8 | 118 15
1960 _______ 10. 44 | 10. 51 | 65.2 | 110 20 67.0 | 114 22
1952 ___________ 11. 73 9. 11 || el 66.7 | 110 24
1953 _______ 3. 95 3.99 | 65.5 | 112 17 67.3 | 111 16
1954 ___________ 4. 46 5. 71 | 67.4 | 112 16 69.0 | 113 20
1956 ___ . ___ 8. 67 7.12 | 64.2 | 113 19 66.5 | 114 22
1956 ______._ 2. 45 1.28 | 65.3 | 113 12 67.2 | 115 15
1957 ... 10.65 |._____. 65.8 | 115 22 || |eioaa-
Mean_._____..__ 9. 45 7.97 1 65.5 | 112.7 | 18.9 | 67.6 | 114. 3 20.9

August is the month of greatest precipitation and May and June
are the months of least precipitation. Summer rains generally are
torrential downpours that cause flash floods. A major part of the
runoff occurs at this time. Winter rains commonly are gentle, and
much of the precipitation infiltrates the soil.

The minimum annual precipitation in the area, 1.28 inches, was
recorded at the Salome station in 1956 and the maximum annual
precipitation, 18.72 inches, was recorded at the Aguila station in 1941.

The mean annual temperature is about 65.5°F at Aguila and 67.6°F
at Salome. The highest temperature recorded in the valley was 118°F
on August 1, 1950, at the Salome station, and the lowest temperature
was 12°F on February 3, 1956, at the Aguila station.

HISTORY OF GROUND-WATER DEVELOPMENT

Development of the ground-water supplies in McMullen Valley
was begun in 1875. Water was obtained from a dug well, which was
used as a watering place on a stage coach route (Ross, 1923, p. 169).
In 1907 the Arizona and California Railroad (now a part of the Atchi-
son, Topeka and Santa Fe Railway) was completed from Wickenburg
to Parker, and wells were drilled along the right-of-way at Aguila
and Salome.
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Ross (1923, p. 193) reported that in 1909 the Bonanza Mine in the
" Little Harquahala Mountains obtained water froma well in Harris-
“ burg Valley and pumped it through a 30,000-foct pipeline to the
mine workings.  Bancroft (1911, p. 22) reported the existence of
- “an extensive flow of water” a few feet below the surface along Cen-
tennial Wash in Harrisburg Valley. A proposal to build a dam that
-would force ground water to rise and thus provide a cheap source
- of water for irrigation was abandoned, probably because of the pro-
hibitive cost of excavating the alluvial material to bedrock.

Wenden obtained its water supply from a well drilled at the school-
house in 1916. By 1918 at least 24 stock and domestic wells had been
dug or drilled in McMullen Valley (Ross, 1923).

Ground water for irrigation was first used in Harrisburg Valley.
Ross (1923, p. 169) stated that in 1917 Mr.-Read of the Harquahala
Livestock Co. was irrigating with water from 4 wells in the vicinity

- of the old town of Harrisburg and that an irrigation well about 4
miles to the northwest was capable of producing 400 gpm (gallons
. per minute). Records indicate that at least five irrigation wells had
been drilled between 1917 and 1951 in the Salome-Harrisburg Valley
area. The first. deep irrigation well in the Aguila area was drilled
in 1954. The successful completion of this well, reported to yield
more than 2,000 gpm, gave impetus to the development of irrigation.
By 1959, 27 more wells had been drilled in that part of McMullen
Valley. In the- Wenden and Salome-Harrisburg Valley areas, 23
. irrigation wells ‘were drilled between 1954 and 1959. Well-drilling
activity was greatest during 1957 and 1958.
- In 1957 an industrial well was drilled in Wenden to supply water
for the Dasco Mine Mill. Another was drilled in the Aguila area in
1958 to supply water for a lettuce-packing plant.

GEOLOGY

The distribution of the various rock units in the McMullen Valley
is shown on plate 1. ..The rocks include granite, gneiss, schist, and
‘quartzite of Precambrian age; metamorphosed limestone, quartzite,
and dolomite of Paleozoic' age; granite and quartz monzonite of
-Mesozoic( ?) age; sedimentary and igneous rocks of Tertiary(?) age;
and lava flows and valley-fill deposits of Quaternary age.

ROCK UNITS ‘AND THEIR. WATER-BEARING CHARACTERISTICS

. PRECAMBRIAN IGNEOUS AND METAMORPHIC ROCKS

The oldest rocks exposed in the mountains bordering McMullen
Valley are regarded as Precambrian in age. - These rocks constitute
more than 80 percent of the outcrops in the mountains. Although they
include granite, gneiss, schist, basic intrustives, and quartzite, they
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have been mapped as a single unit. Dikes, mostly of aplite and peg-
matite, are common throughout this unit. Some of the dikes may be
younger than Precambrian.

The predominant rock in the Harcuvar Mountains is gneiss. The
textural forms, however, range from gneiss to normal granite.

Precambrian rocks of the Harquahala Mountains are principally
gneisses, although some coarse-grained granite crops out in the south-
western part of the mountains. Wilson and others (1957) considered
the granitic and associated crystalline rocks in the east-central part
of the range to be Laramide in age, but in this report these rocks have
been included as part of the Precambrian complex. In the southwest-
ern part of the Harquahala Mountains, about 4 miles south-southwest
of Wenden, fine-grained calcareous, quartz-mica schist and a thin bed
of quartzite overlie quartz-diorite gneiss. The same rock sequence
crops out about 3 miles south of Salome on the southwest side of Har-
risburg Valley. Bancroft (1911, p. 109) considered these rocks to
be of Precambrian age.

Metamorphosed sedimentary rocks exposed in the Granite Wash
Mountains also have been included in the Precambrian complex. These
rocks consist principally of mica schist, quartzite, and some recrystal-
lized limestone. Darton (1925, p. 221-223) stated that some of the
limestone in this area is Paleozoic in age.

Many of the isolated mountains and hills north and east of Fore-
paugh are composed primarily of coarse-grained gray biotite granite
of Precambrian age. Dikes of pegmatite and aplite, some several
hundred feet long, occur in the granite.

Intense folding and other crustal movements resulted in planes of
schistosity, joints, shear zones, and other openings in the crystalline
rocks of the mountains, The quantity of water that moves through the
openings is undoubtedly small, however. According to the driller’s
log, well (B-6-11)13bb was drilled through 379 feet of granite before
it penetrated a 4-foot bed of water-bearing “sand.” Probably the so-
called sand is either breccia or gouge. Water production from this
well was insufficient for a stock-water supply.

Bancroft (1911, p. 118) reported that the water level in a mine
near Cunningham Pass was about 320 feet below the collar of the shaft
and that water occurred in gneiss and schist.

Few data are available to evaluate the permeability and porosity
of the Precambrian rocks in McMullen Valley. Nevertheless, in most
places these rocks probably are not sufficiently permeable to yield
large amounts of water.

PALECZOIC SEDIMENTARY ROCKS

Sedimentary rocks of Paleozoic age crop out in the Harquahala
Mountains about 8 miles south-southeast of Wenden. The mapped
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- Dikes, which are alined roughly northwestward parallel to the trend'
of the. Granite Wash Mountains, are associated with: the granitic
rocks of the Harcuvar and Granite Wash Mountains. Although they
vary in composition, their texture is generally fine. Aplite.is the most
common type in all the areas of granitic intrusions, but—according
to Bancroft (1911, p. 30)—some of the dikes in the vicinity of Harcu-
var and Salome Peaks are composed -of vogesite. The formation of

.the dikes probably was contemporaneous with the major intrusions.

As the upper part of the granitic mass cooled, the lower part continued
to push forward rupturing the upper part and permitting the dike

- material to intrude.

- Bancroft (1911, p. 29) and Ross (1923, p. 29) considered the granitic
intrusive rocks in the Harcuvar and Granite Wash Mountains to be
of probable Mesozoic age. Because no evidence to the contrary has

- been presented; these rocks are considered by the writer to be of prob-
. able Mesozoic age.

‘The water-bearing properties of the Mesozoic( %) intrusive rocks
are generally similar to those of the older granitic rocks in the area.

-'Although small gquantities of water. probably can be obtained from

.

the fractures, no large supplies can be developed from this relatively
impermeable material.

- TERTIARY(?) ROCKS

- The racks of probable Tertiary age constitute about 15 percent of
the bedrock outcrop.ih McMullen Valley. The outcrops are limited

‘to the eastern part of the valley, where they form discontinuous ridges

and buttes. Sedimentary and voleanie rocks constitute the bulk of

- the exposures; but intrusive rocks of small areal extent also crop out.

SEDIMENTARY ROCKS

-'The lithologic dissimilarity -of the Tertiary(?) sedimentary rocks
in the more widely separated exposures precludes any: correlation.
The rocks are closely. associated with volcanic rocks and owe their
topographic prominence to the more resistant laya flows. - The sedi-
ments have been faulted, tilted, and eroded-so. that the ‘outcrops are
discontinuous, are small in area, and:do not occur as consecutive trace-
able sequences. For these reasons, they have been mapped-as.a single
rock unit. The rocks are discussed according to their stratigraphic re-
lation to voleanic flows and to the occurrence or-lack of volcanic frag-
‘ments in the strata. The units are as fallows: (1) Basal arkose, (2)

. indurated fanglomerate, (3) thin-bedded limestone and sandstone, and

(4) conglomeratic sandstone.

BASAL ARKOSE

A basal arkose of probable Tertiary age -crops out along a south-
eastward-trending ridge in the northeastern part of the Harcuvar
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Mountains, where it overlies the Precambrian crystalline rocks. The
thickness varies, although it probably does not exceed 60 feet. The
sorting is poor, and the bedding is indistinct. At the southeast end
of the ridge in secs. 17, 19, and 20, T. 8 N3, R. 8 W., the arkose con-
tains lenses of conglomerate composed of boulders of granite and
gneiss as much as 2 feet in diameter. It is overlain by volcanic flows
that form the more resistant part of the ridge.

The arkose is composed of material derived from the granitic rocks
upon which it lies and probably represents a fanlike deposit that ac-
cumulated along a border of considerable relief. The abundance of
boulder beds and the size and character of the boulders in the south-
eastern part of the ridge indicate derivation from weathered boulder-
clad surfaces that probably sloped southeastward. The absence of vol-
canic detritus from these sediments is significant, because other sedi-
mentary rocks of Tertiary(?) age contain fragments of volcanic
material.

Although its age is uncertain, the arkose is tentatively considered
to be early Tertiary in age because of its similarity in lithologic char-
acter and physical setting to the deposit described by Lasky and Web-
ber (1949, p. 18) as part of the Artillery Formation. The Artillery
Formation is exposed in the Artillery and Rawhide Mountains about
35 miles northwest of Aguila and tentatively has been assigned an early
Tertiary age by Lasky and Webber (1949, p. 21).

INDURATED FANGLOMERATE

An indurated fanglomerate of Tertiary (?) age crops out at Bullard
Peak and consists of purple fragments of several types, principally
andesites. The fragments range in size from less than 1 inch to
angular blocks several feet in diameter. The fanglomerate is in con-
tact with the Precambrian complex and is overlain by volcanic rocks.
The deposit appears to be a clastic assemblage of brecciated volcanic
rock (fig. 5), and the angularity of the fragments suggests local
origin. The lack of stratification obscures the attitude of the deposit,
and its thickness is unknown. The age of the fanglomerate is
uncertain, but Bancroft (1911, p. 120) considered the material that
constitutes Bullard Peak to be of probable Tertiary age. The fanglom-
erate is similar in some respects to the breccias in the Artillery
Mountains area, which Lasky and Webber (1949, p. 47) considered to
be of Tertiary(?) age.

THIN-BEDDED LIMESTONE AND SANDSTONE

Thin-bedded gray and pink limestone and gray coarse- to fine-
grained sandstone are exposed at the north end of Eagle Eye Peak.
These rocks are faulted, and step faulting has caused displacements
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"QUATERNARY ROCKS -

Quaternary rocks in McMullen Valley include-basalt and valley-fill
deposits. The basalt crops eut only in the upper part of the valley.
The valley fill, which is the most important rock unit with respect to
ground water, is the surface deposit i more than 75 percent of the
area. As-used herein; the term “valley-fill deposits” is applied to all
the unconsolidated -and semicensolidated -sedimentary rocks that oc-
cupy the structural trough, even though some of the rocks at depth
probably are of Tertiary age. Because the thickness of the-exposed
valley fill is nowhere more than a few tens of feet, the lithologic char-
acter and the thickness of the valley-fill deposits in McMullen Valley
are known only from well logs, drill cuttings, and-electric logs.

The valley-fill deposits have been divided into four subunits (pl. 2),
which, in ascending order,.are as follows: (1) Conglomerate, consist-
ing of cemented coarse sand -and gravel, that may have been deposited
contemporaneously with-the semiconsolidated strata of Tertiary(?)
age; (2) alluvial-fan deposits, composed chiefly of material laid down
by torrential streams; (3) lake-bed deposits, composed of clay, silt, and
fine sand deposited, in part, contemporaneously with alluvial-fan
deposits; and. (4) alluvium, consisting. of gravel, sand, and silt de-
posited in the central part of the valley and along the present stream
channels.

-~ VOLCANIC ROCKS

Volcanic rocks of Quaternary-age are present only in the eastern
part of the valley. They consist of basalt and -are dark gray to pur-
plish gray and massive. - The flows.are largely dense but are generally
vesicular in the upper part. Erosion has removed large quantities
‘of this material from the area, leaving small and discontinuous rem-
nants.” These outcrops-form the black buttes north, south, and east
" of Forepaugh. - The contact relations of the basalt with the under-
- lying material are generally obscured by a mantle of slope debris;

however, in sec. 17, T. 7-N., R. 6 W., a thin vesicular flow overlies
sedimentary rocks of Tertiary(?).age- Southwest of this outcrop,
basalt, too small in areal extent to map, lies directly upon Precambrian
crystalline rocks. - The butte 2 miles south of Forepaugh is composed
of a sequence of basalt-flows and contains-an 8-foot interbed of poorly
‘consolidated conglomeratie sand. The sequence overlies unconforma-
‘bly the pink to red felsites of Tertiary(?) age. About 214 miles
-north-northeast of Forepaugh, 2 small hills that project above the
- alluvium are composed of basalt, but the base of the flow is not exposed.

- The dip of 'the flow i$ less than 10°.

* The unconformable  relation of the basalt to the underlying Ter-
tiary (?) volcanic rocks 2 miles south of Forepaugh and the gentle

695-898 O—64——4
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dip of the basalt flows in contrast to the steep dip of the older volcanics,
lend credence to the designation of Quaternary age, although the
basalt is probably not younger than early Pliestocene age.

The basalt is not an aquifer. It is of small areal extent and ap-
parently is absent in the subsurface; so it does not affect the occurrence

of ground water.
VALLEY-FILL DEPOSITS

Most of the valley fill in McMullen Valley is the result of stream
transportation and sorting of rock material from the mountains and
subsequent deposition of this material on the adjacent land surfaces,
a process that is commonly operative in the arid to semiarid regions
of southwestern Arizona.

The mechanics of the process are controlled by several factors, such
as the stream gradient and shape of the stream channel, volume of
runoff, character of the sediments transported, and position of the
local base level. In the mountain areas the streams are confined to
narrow channels of steep gradient. After torrential storms, the
streams have high velocities and carry heavy loads of detrital material.
As the streams emerge into the valley, their channels decrease in slope
and widen, thus reducing the velocity of the streamflow. In the cen-
tral part of the valley, the confluence of the mountain streams with
the axial drainage forms an environment characterized by shallow
shifting stream channels. Layers of debris accumulate on the surfaces
of the slopes, as the valley-floor levels (local base levels) rise by ag-
gradation. Hence, the deposition of material produces the detrital
slopes and aggraded valleys which are characteristic of intermontane
basins.

Under ideal conditions, the material from the mountain slopes
would be arranged in zones parallel to the mountains and normal to
the courses of the streams. The coarse material would be deposited
near the flanks of the mountains, and the fine detritus would accumu-
late further downslope toward the central part of the valley. How-
ever, the variable factors of precipitation, local base-level fluctuations,
and shifting stream channels modify the zonal arrangement. If a
local base level lies within the valley and runoff due to precipitation
exceeds the rate of dissipation, a body of water accumulates to form
a lake. Fine-grained sediments are deposited within the lake con-
currently with the deposition of the heterogeneous material around
the periphery of the lake.

The total thickness of the valley fill in the deeper parts of the Mc-
Mullen Valley’s structural trough is unknown, but it may be several
thousand feet. In the areas where the valley fill is relatively thin,
boreholes have penetrated bedrock along which may be the buried
periphery of the trough. In the drilling of a well upstream from the
narrows in Harrisburg Valley, granite was penetrated at a depth of
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52 feet. At the narrows, the fact that bedrock prejects from the
sediments on both sides of the stream channel indicates that -a thin
mantle of material covers a -struetural dam separating. McMullen
- Valley from the Harquahala Plains.

- -In- the western,part .of McMullen Valley; well (B-5-13)19bed
penetrated 282 feet of valley fill before.reaching -granitic bedrock.
- In the eastern part of the walley,wells (B~7-7)17add and (B-7-8)1dac
- reached volcanic rock at depths of: 161 and’ 297--feet, respectively.
- However, well {B~7+8)15baa, -which is only 214 miles southwest of
well (B-7-8)1dac;, is bottemed in valley-fill- deposits at a depth of
1,812 feet. This well is the deepest in the valley.

CONGLOMERATE

In the Aguila area drill cuttings indicate that conglomerate is
- present at a depth of about 850 to more than 1,600 feet. Greater

cementation distinguishes the conglomerate from the overlying sedi-
ments. Because no well has been drilled completely through the
~conglomerate its thickness is not known, although 460 feet of this
~material was penetrated in well (B-7-9)17dcd.

- Drill cuttings from deep rotary-drilled wells indicate that the eon-
. glomerate consists of:.a fine-to- very: coarse sand and gravel that is
well.cemented with calcareous material. Whether argillaceous cement
is present was not determined. The sand in the conglomerate is com-
- posed principally of angular to subrounded quartz grains. " The gravel
consists of angular to rounded fragments of volcanic, granitic, and
quartzose material as much as 11 mm.in diameter. Possibly the
larger angular fragments were derived from boulders crushed by
the drilling bit.

A qualitative analysis of an electric log of well (B-7-9)16add
indicates that the conglomerate varies considerably in relative re-
‘sistivity and, therefore, in permeability also. . The.variations are
probably-due to differential cementation.

The drill cuttings indicate that the conglomerate. is:sufficiently
-permeable to be a potential source of water supply. "Although pump-
-ing testswere made of wells that bottom in the conglomerate, the data
~from the tests do not indicate the hydrologic properties -of the con-
- glomerate, because the: wells also tap:all the overlying. water-bearing
“ material.

ALLUVIAL-FAN DEPOSITS

The alluvial-fan-deposits are.composed af heterogeneous material
laid down by -torrential streams issuing from the mountains. In
McMullen Valley the coalescing fans form an.apronslope which
projects from the.base of the mountains toward the valley floor. These

- fan deposits also-underlie most of the valley floor; in the Aguila area
they overlie the conglomerate, and in Harrisburg Valley they overlie
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granitic gneiss. Although the buried fan deposits appear to be a con-
tinuation of the material on the valley slopes, those at depth in the
central part of the valley are much finer grained than those on the
slopes.

The alluvial-fan deposits range in thickness from a thin mantle on
the slopes of the mountains to several hundred feet in the valley. In
the Aguila area, the unit is about 800 feet thick in wells drilled in
secs. 10,11,and 12, T. 7N, R.9W. In well (B-7-9)17decd it is slightly
more than 650 feet thick. An electric log of well (B-7-9)4bbb, 1,650
feet deep, indicated that the unit had not been completely penetrated.

In the Wenden area the total thickness of the alluvial-fan deposits
is undetermined, because no wells have been drilled to bedrock. In well
(B-6-12)22add the unit is at least 282 feet thick and in well
(B-6-12)15bbb at least 232 feet.

The alluvial-fan deposits consist of gravel, sand, silt, and clay.
These deposits occur generally as a heterogeneous mixture but locally
as sorted gravel and sand containing little fine-grained material.
Their accumulation may be illustrated by considering slope building
in detail. During a torrential flood, boulders may be carried far out
into the valley and deposited on top of fine sediments laid down by a
previous smaller flood ; in the lower stages after the crest of the flood
and in succeeding small floods, sand and clay may, in turn, be de-
posited over and throughout the coarse material. Furthermore, the
deposits of a stream draining a relatively large area may overlap and
be interbedded with deposits of a neighboring stream draining a small
area. Nevertheless, some stream channels may retain their positions
for long periods of time, and in the process of carrying sediments the
streams can deposit a train of well-sorted sand and gravel.

The alluvial-fan deposits constitute the principal water-bearing
unit in McMullen Valley. Most of the irrigation wells obtain part
or all their yield from them. Drill cuttings from wells indicate that
the more permeable beds of sand and gravel are lenticular and not
extensive. Obviously, the hydrologic properties of these deposits are
not uniform.

Large-diameter irrigation wells tapping the heterogeneous lenticu-
lar deposits produce 150 to about 3,500 gpm. The wide range in pro-
duction is due not only to the wide range in hydrologic properties of
the material penetrated but also to the different depths and construc-
tion of the wells.

LAKE-BED DEPOSITS

Fine-grained materials in the lower part of the valley were probably
deposited in a body of standing water. In contrast to the alluvial-fan
deposits, these sediments are almost homogeneous. Apparently the
material has undergone a more thorough and selective grading than
it would have received under ordinary conditions of stream deposition.
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The occurrence of gypsum and other salts, although not conclusive,
suggests that the lake may have been ephemeral or nearly so, the salts
precipitating when the lake was on the verge of drying up. Chemical
analyses of water obtained from these sediments show a higher content
of dissolved solids than the analyses of water from the underlying
alluvial-fan deposits. The lithologic characteristics and thickness
of the sediments have been determined from well data, because these
deposits are not exposed.

The lake-bed deposits are thickest northeast of Wenden, where well
(B-6-12) 15bbb penetrated about 1,100 feet of reddish-orange to pale-
red clay and silt containing grains of sand and some gypsum and salt
(table 2). The driller’s log of well (B-6-12)22add, 314 miles north-
east of Wenden, indicates that the lake-bed deposits are 584 feet thick
(table 8), and well (B-6-12)29cde, about half a mile northeast of

" Wenden, penetrated 400 feet of this material before entering the
alluvial-fan deposits. A log of well (B-5-13)2caa, 3 miles southwest
of Wenden, indicates a thickness of 150 feet of “bentonite” or silty
clay. Asillustrated in plate 2, the lake-bed deposits thin to the north-
east and also to the southwest from the center of T. 6 N., R. 12 W., and
probably thicken northward.

The lake-bed deposits underlie at least 30 square miles and possibly
an even larger area.. The dearth of subsurface data for the-central

part of the valley precludes delineation of the boundary of the clay
body.

TABLE 2.—Lithologic log of well (B—6-12)15bbb 4 miles north-northeast of Wenden
[Colors determined by comparison with the calor chips on.the rock color chart distributed by the National
Research Council (Goodard and others, 1948]
Depth (feet) _ Description
. Alluvinm

090 ____________ Sand, silt, and gravel, méderate-orange-pink (5YR 8/2),
poorly sorted. The sand consists of very fine to very
coarse grained quartz. Gravel consists of fragments of
granite as much as 6 mm in diameter. Weak calcareous
cement.

90-100___________ Sand and silt, grayish-orange (10 YR 7/2), poorly sorted. The
sand congists of very fine to very coarse grained quartz.
Weak calcareous cement.

- Lake-bed deposits

100-110__________ Silt, -clay, and sand, moderate-reddish-orange (10E 6/6),
.poorly .sorted. The sand .consists of very fine to fine-
- grained clear and milky quartz. Calcareous and argilla-

- ceous cement.

- 110-160______.__. Same as 100-110; fine-grained sand less abundant.

+160-180__________ «Silt, clay,-and sand, pale-reddish-orange (10Y 5/4), poorly

: sorted. . The sand is fine. grained and -contains a few

_=coarse partieles, - Galeareous. and argillaceous cement.

. 180-190 - ________ + Sand, silt; and clay, moderate-orange-pink (10Y 7/4), poorly
sorted. The sand grains-are angular and consist of very
fine to medium-grained clear and milky quartz. Calcar-
eous cement.

©190-350_ . __ . ___._ Silt and clay, moderate-orange-pink (10R 7/4). Calcareous
and argillaceous cement.

. 685-898 O—64——F5
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TABLE 2.—Lithologic log of well (B—6-12)15bbb } miles north-northeast of
Wenden—Continued

[Colors determined by comparison with the color chips on the rock color chart distributed
by the National Research Council (Goodard and others, 1948]

Depth (feet) Description
Lake-bed deposits—Continued

350-410. _________ No sample.

410-510______.___ Silt and clay, pale-red (10R 7/2). Calcareous and argilla-
ceous cement.

510-530_ _________ Silt and clay, moderate-orange-pink (10R 7/4). Interval
contains gypsum crystals. Calcareous and argillaceous
cement.

530-610__________ Silt and clay, pale-red (10R 7/2). Calcareous and argil-
laceous cement.

610-620__________ Silt and clay, pale-red (10R 7/2). Interval contains gypsum
crystals. Calcareous and argillaceous cement.

620-640__________ Silt and clay, pale-red (10R 7/2). Calcareous and argil-
laceous cement.

640-650_ . ________ No sample.

650-660___ . ______ Silt and clay, pale-red (1OR 7/2). Interval contains few
sand grains. Calcareous and argillaceous cement.

660-760__________ Silt and clay, pale-red (10R 7/2). Calcareous and argil-
laceous cement.

760-770__________ No sample.

770-790_ ________._ Silt and eclay, pale-red (10R 7/2). Calecareous and argil-
laceous cement.

790-800. . _______ No sample.

800-810__________ Silt and clay, pale-red (10R 7/2). Calecarcous and argil-
laceous cement.

810-820__________ No sample.

820-840_ . ________ Silt and clay, pale-red (10R 7/2). Calcareous and argil-
laceous cement.

840-850_ _________ No sample.

850-860. .. __.__ Silt and clay, pale-red (10R 7/2). Calcareous and argil-
laceous cement.

860-890_ _________ No sample.

890-900_ _________ Silt and clay, pale-red (10R 7/2). Interval contains salt and
gypsum crystals. Calcareous and argillaceous cement.

900-960__________ Silt and clay, pale-red (10R 7/2). Calcareous and argil-
laceous cement.

960-979_ _________ No sample.

979-990_ _________ Sand and silt, pale-red (10R 7/2), poorly sorted. The sand

consists of subangular to subrounded very fine to fine-
%rained quartz. Gypsum abundant. Some salt crystals.
alcareous cement.

990-1,000...______ Silt and clay, palered (10R 7/2). Contains gypsum.
Calcareous cement.
1,000-1,010_______ Sand, pale-red (10R 7/2); composed of angular to subrounded

very fine to coarse-grained quartz. Gypsum erystals
abundant. Mica common. Caleareous ecement.

1,010-1,180______._ Silt and clay, pale-red (10R 7/2). Interval contains very fine
to coarse quartz grains, gypsum, and mica. Calcareous
and argillaceous cement.

1,180-1,190_______ Silt and sand, pale-red (10R 7/2).
1,190-1,200 .- ___ Silt, micaceous and sandy, pale-red (10R 7/2).
Alluvial-fan deposits
1,200-1,210.______ Gravel, fine to coarse; angular to subrounded fragments of
granitic composition.
1,210~1,230___.___ Sand and gravel,
1,230-1,265_______ Gravel and sand. Gravel consists of granite, gneiss, schist,

and quartz fragments, whose maximum diameter is 13 mm,
Sand consists of coarse to very coarse-grained quartz.
1,265-1,280_______ Same as 1,230-1,265. Contains silt.
1,280~-1,290__._____ Silt and clay, pale-red (10R 7/2). Gypsum common.
1,290-1,300.._.__.__ Gravel and sand. Interval contains silt and gypsum.
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TABLE 2.—Lithologic log of. well (B—6-12)15bbb 4 miles north-northeast of
Wenden—Continued

{Colors determined by comparison with the color chips on the rock color chart distributed
by the National Research Council (Goodard and.others, 1948]

. Bepth (feet) Description
Alluvial-fan deposits—Continued
1,300-1,320.._____. Gravel.
1,320-1,345________ Sand and gravel. Sand consists of subangular to rounded
quartz grains.
"1,345-1,400________ Gravel.
1,400-1,405________ Sand, silt, and gravel, pale-orange (10RY 8/2), poorly sorted.

The sand consists of angular to subrounded very fine to
very coarse-grained clear and milky quartz. Gravel about
10- percent of sample; maximum diameter 6 mm, Cal-
careous and argillaceous eement.

TaBLE 3.-—Geologic interpretation of drillers’ logs of wells in McMullen Valley

‘Well location and rock description Thickness Depth Altitude
(feet) (feet) (feet)
(B-6-12)13de:
[Altitude 1, 971 ﬂ‘,]
Aljluvium:
Sand__ o ____ 40 40 1, 931
Sand and gravel ___________________________ 90 130 1, 841
Lake-bed deposits:
Clay containing thin layers of sand________.__ 590 720 1, 251
Alluvial-fan deposits:
© Sand with thin layersof clay________________ © 150 | © 870 1,101
Sand and gravel with thin layers of clay- - -.__ - 70 940 1, 031
‘Hardsand___________________ o _____ 80 1, 020 951
Decomposed granite________________________ 173 | * 1,193 778
Total e 1,200 {________
(B-6-12)18cdb
FAltitude 1,978 ft}
Alluvium:
Soil 50 * 50 1, 928
Caliche__ ___ __ ____ o _. 100 150 1, 828
Lake-bed deposits:
Clay, gray to red, sticky_ . ____________.____ 370 ‘520 1, 458
Clay containing thin beds of sand . ___.________ 140 660 1,318
Alluvial-fan deposits:
-Finesand_ _ _ _ ___ . 40 -700 1, 278
Fine to coarse sand____ _ _ __ _________________ 200 900 1, 078
Total - . L 900 |________
-6-12)22add
[Altitude 1,928 ft]
Alluvium:
Coarse sand and gravel _ ____________________ 6 6 1,922
Sandy loam_ _ . ___________________________ 20 26 1, 902
Gray elay_ - o ___ 14 40 1, 888
Brown elay . __________ o _____ 28 | - 68 1 860
Silt, sand, and gravel (seepage) . - ______ ... ___ 8 76 1 852
Lake-bed deposws
Brown clay, stieky - - - ___.___________.______ 584 660 1, 268
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TABLE 3.—Geologic interpretation of drillers’ log of wells in McMullen

Valley—Continued
‘Well location and rock description Thickness Depth Altitude
(feet) (feet) (feet)
(B-6-12)22add—Continued
Alluvial-fan deposits:

Decomposed granite_ ________ .. _____________ 10 670 1, 258
Sand, water-bearing (hole filled up 400 feet

within 2 minutes) . _ _ ____________________._ 5 675 1, 253
Gravel, water-bearing_______________________ 10 685 1, 243
Clay and gravel___________________________. 8 693 1, 235
Clay and gravel streaks_____________________ 8 701 1, 227
Decomposed granite. _______________________ 24 725 1,203
Gravel- . el 15 740 1,188
Cemented gravel___ . __ _____________________ 5 745 1, 183
Gravel, water-bearing___ ____________________ 90 835 1,093
Decomposed granite__ . ____________________ 25 860 1, 068
Gravel, water-bearing_______________________ 10 870 1, 058
Hardshel ________________________________ 5 875 1, 053
Gravel, water-bearing_______________________ 25 900 1,028
Hard shell.________________ o _._.___ 5 905 1. 023
Gravel, water-bearing_______________________ 5 910 1,018
Hard shell.______ . _________ . ____. 20 930 998
Sand, water-bearing_ _ _____________________. 10 940 988
Hard shell____._____ e 3 943 985

Total .- e |emeeee 943

Geologic literature on the western part of the United States is

replete with data concerning lake-bed deposits in the intermontane
basins of the Basin and Range province. Hundreds of ancient lakes
have left deposits as evidence of their existence. Many of these lakes
may have collected in basins, persisting only so long as the valley had
not been filled with sediments up to the level of an outlet. Little is
known of the climate that caused the lakes to form and then dis-
appear, but it is a reasonable assumption that the climate was more
humid than at present. Blackwelder (1948, p. 11) stated:
For reasons which are unkown, there occurred in the Pliestocene epoch at least
four and perhaps five ages * * * of much colder climate which induced the
formation of glaciers on all the higher mountains of the great basin and par-
ticularly upon the marginal ranges to the east and west. * * * During the
coldest ages, when the temperature was probably * * * below the long term av-
erage, the evaporation was much slower, and hence the region must have
been decidely less arid.

Thick bodies of clay are present along the Gila River in Arlington
Valley, Salt River Valley, and other areas in southwestern Arizona.
Ross (1923, p. 91), in his treatment of the Gila River, stated:

The formation of any such mass of clay as appears to be present in the valley
of the Gila River must have occurred under conditions very different from those
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of the present day. Clay silts are deposited in quiet places in the present stream,
- but that hundreds of feet of clay, mixed with only minor amounts of sand, could

-~ be laid down by a turbulent and variable river like the Gila is not conceivable.

It would appear that the clay must have been deposited in seme quiet body of
water such as a lake.- The record of the presence of the clay is not continuous
. throughout the river. valley, and the.clay may not be a continuous and un-
interrupted body. It may have been formed in a series of lakes, perhaps cor-
responding to the series of structural valleys that unite to form the long, sinuous
. valley of the Gila.

The.fine-grained sediments in McMullen Valley may be contemporane-
~..ous withthe clay described by Ross.

" The lake-bed deposits in McMullen. Valley are not considered to be
a potential source of water.supply for irrigation, because the fine-
grained material has a very low permeability. Thus ground-water
movement toward a well is retarded. Although some stock and domes-
tic wells obtain water- from these' deposits, the quantities are small
and the water has:a higher concentration of dissolved solids than

water from the other units.
ALLUVIUM

The upper part of the valley-fill deposits in McMullen Valley con-
sists of alluvium deposited by Centennial Wash and its tributaries
in late Pliestocene and in Recent time. The alluvium is composed
largely of unconsolidated silt, sand, and gravel ; in places, cementation
- by calcium carbonate has produced layers of caliche. In the central

part: of- the valley the alluvium overlies lake-bed deposits, but else-
avhere in the valley it overlies alluvial-fan deposits. The contact of
‘the -alluvium with underlying materials is generally apparent from
.drill cuttings, electric logs, and drillers’ logs. -The exposed contact
of .the alluvium with the alluvial-fan deposits mantling the lower
slopes of the mountains.is not so obvious, however.

* Fhe exposed alluvium along the channel-of Centennial Wash.is
about 10 feet thick.  Where penetrated by wells, the alluvium ranges
in thickness from slightly less.than 50 feet to about 470 feet. (See
pl. 2.) The thickest section, as determined from an electric log, is
. 470 feet in well (B-7-9)16add. A driller’s log of well (B-7-9)15cdd
indicates that the alluvium is about 415 feet thick. The log of well
" (B-7-8)32ddd southwest of Aguila indicates a thickness of 190 feet.
Well (B-7-8) 1dac near-Forepaugh penetrated 29% feet of alluvium,
- and well (B-7-7)17add, 3 miles southeast. of Forepaugh; penetrated
161 feet of alluvium.

. According to logs of wells, the thickness of the alluvium averages
about 100 feet in the Wenden-Salome areas and is less than 50 feet
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near the southeast end of Harrisburg Valley. In both areas the al-
luvium thins to a featheredge along the margins of the valley floor.

The alluvium is not an important aquifer in the areas of Wenden,
Salome, and Harrisburg Valley, because the water table lies near or
below the base of the unit. In the Aguila area many of the domestic
and stock wells obtain water only from the alluvinm, but irrigation
wells obtain water from both the alluvium and the alluvial-fan
deposits.

STRUCTURE

McMullen Valley owes its origin to faulting rather than to erosion;
thus, it is a structural valley similar to many others of the Basin and
Range province. The alinement of the mountain ranges and valley
area is the result of movement along major faults, the mountain block
having been lifted and tilted in relation to the intervening valley.

Displacement along a major fault on the west side of the Granite
Wash Mountains has elevated the mountains with respect to the Rane-
gras Plain. The northeastward alinement of McMullen Valley sug-
gests that large-scale cross faulting is responsible for the trend of the
Harquahala and Harcuvar Mountains. Ross (1923, p. 176) suggested
that the northwest side of the Harquahala range facing McMullen
Valley is a fault scarp. The steep southeastward dip of the Paleozoic
sedimentary rocks in the Harquahala Mountains (Metzger, 1957, pl.
1) suggests that the range may be a tilted fault block. Similar con-
ditions may be postulated for the Granite Wash Mountains, because
highly metamorphosed sedimentary rocks in those mountains dip to
the northeast. In contrast, steeply dipping voleanic and sedimentary
rocks at the northeast end of the Harcuvar Mountains are tilted
to the southwest. Harrisburg Valley, which separates the Harquahala
from the Little Harquahala Mountains, trends northwestward. This
small wedge-shaped valley appears to be a depressed block that is
tilted northwestward. At the narrowest point of the wedge, bedrock
was penetrated at less than 50 feet, whereas well (B-5-13)26acc was
drilled to a depth of 570 feet without penetrating bedrock.

The bedrock that underlies the sedimentary deposits of the valley
undoubtedly has an irregular surface of high relief which is more
closely related to the structural history than to the erosional history
of the area. The outlying granitic mountains, which in the eastern
part of the area are almost buried by alluvium, and the sequence of
steeply dipping voleanic and sedimentary rocks are an indication of the
complexity of the structure. The attitude of the volcanic rocks in the
eastern part of the valley indicates that the bedrock lies at a relatively
shallow depth. This probability is verified by subsurface evidence ob-



GROUND WATER 31

tained from drillers’ logs of well (B-7-7)17add and (B-7-8)1dac.
Well (B-7-7)17add penetrated “andesite rock” at a depth of 161 feet,
and well (B-7-8)1dac penetrated volcanic breccia at a depth of 297
feet and red granite at a depth of 482 feet. It is significant that well
(B-7-8) 15baa, which is only 214 miles southwest of well (B-7-8)1dac
and 1,812 feet deep, did not reach bedrock.

The age of the structural trough occupied by McMullen Valley can-
not be determined precisely. Displacement of Tertiary(?¢) sedimen-
tary and volcanic rocks by faulting indicates that much of the major
structural movement in the area probably occurred during Tertiary
time. The youngest rocks known to have been deformed are the basalt
flows of Quaternary age. These rocks, however, appear to be only
slightly deformed, whereas the rocks of Tertiary(?) age have been
considerably deformed In all probability the elevation of the ranges
proceeded step by step during an extended period, the displacement
occurring along pre-existing planes of structural weakness. Displace-
ment may still be in progress.

The configuration of the bedrock is one of the prlnclpal factors con-
trolling ground-water movement. The relatively impervious mountain
areas on the north, south, and west sides of McMullen Valley prevent
subsurface inflow to and outflow from the area; although the bedrock
surface at the southeast end of Harrisburg Valley is higher than the
bedrock surface in the central part of the valley, it is the lowest part
on the “rim” of the bedrock basin and so is the overflow lip for ground
water.

GROUND WATER

OCCURRENCE

The principal ground-water reservoir in McMullen Valley consists
of the valley-fill deposits that occupy the structural trough between
the mountain ranges.

The porosity of the material within the ground-water reservoir de-
termines the amount of water that can be stored. Porosity is the
percentage of the total volume of the material that is occupied by
interstices or pore space and is dependent upon the shape, arrangement,
degree of sorting, and cementation of the component particles. Thus,
an unconsolidated material consisting of well-rounded and well-sorted
loosely arrayed particles has a high porosity. Unsorted material has
a low porosity, because fine-grained material reduces the size of the
voids between the larger particles.

The valley fill is saturated up to a surface termed the “water table,”
and the water occurs chiefly under nonartesian conditions. The buried
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parts of the mountains-are relativety impermeable and thus are effec-
tive barriers to the movement.of ground water out of the valley fill.
The buried bedrock ridge at the southeast end of Harrisburg Valley
controls the general elevation of the water table in the entire area of
investigation. The water table has a gentle slope to the southwest con-
- forming generally to the topography of the land surface. The land-
surface gradient, however, is greater than the water-table gradient,
and thus the depth to water increases northeastward along the valley
floor. TPhe.depth to water also increases laterally from. the axis of
the valley.. The average depth to water in the Aguila area is about
375 feet; in the Wenden area it is about 180 feet, if shallow water
bodies perched on clay beds are discounted. (See p.45.) The depth
to water in the Salome-Harrisburg Valley area ranges from about 150
“feet, just 1 mile north of Salome, to about 40 feet near the narrows
dam.

The configuration of the water table may be depicted on maps by
contour lines based on the altitude of the water level in nonartesian
wells. Such maps show the general direction.of ground-water move-
ment. Some of the maps also indicate areas of recharge and discharge,
. major differences in the permeability of the water-bearing materials,

. and the location of sub-surface barriers to ground=water movement.

‘Under natural conditions of recharge and:discharge, the shape and
altitude of the water table in McMullen' Valley-are relatively stable
for long periods. Man-made changes in the hydrologic regimen, such
as pumping. from wells, may cause significant corresponding changes
in the configuration of the water table.- Witlidrawals. by pumping,

-for example, result in the formation of.a cone-of depresesion in the
- water table in the pumped area.* The lateral extent of such a cone de-
- pends on the quantity .of. water pumped, the permeability of the ma-
terial that surrounds the :well,.and under some conditions the amount
of water available for replenishment of the dewatered sediments.

‘Where adequate data were available, water-table maps and graphs

“were prepared for parts of McMullen Valley—the Salome-Harrisburg
Valley .and Agnila areas. The data are shown graphically in two
ways, by hydrographs for selected wells.which show changes at a
single point and by maps prepared for the'selected periods. The maps
were drawn for-periods in which irrigation was near minimum for
the year.

'Thi-1951; the-altitude of the water table at measured wells ranged
from about 1,811 feetin the Aguila area to' 1,642 feet at the southeast
end of Harrisburg Valley.- ‘The.water=table.gradient averaged about
5 feet per mile for about 32 miles along the axis ef the.valley to the
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narrows. The data available on the Salome-Harrisburg Valley area
for this period show that the water-table gradient was about. 18 feet
per mile. Thus, the slope of the water table between Aguila and
Salome was about 114 feet per mile. The water table has a very low
gradient throughout the Aguila area. The shallow slope suggests
that the rate of ground-water movement in the valley-fill deposits
is very slow under natural conditions and indicates that little recharge
occurs. Sufficient control data are not available to depict the water
table in the Wenden area in 1951. The data from eight wells provide
the basis for very generalized contours of the water table in the
Salome-Harrisburg Valley area in 1951 (pl. 3). The southeastward
trend indicates ground-water movement parallel to the trend of
Harrisburg Valley. The close spacing of the contour lines toward
the lower end indicates a steep gradient. This increase in slope was
necessary to move the ground-water inflow to Harrisburg Valley
through the narrow discharge point at the southeast end of McMullen
Valley.

The configuration of the water table as depicted for 1951 is, in
general, assumed to be the original form of the ground-water surface
in the area, because the aquifer in McMullen Valley probably was
in effective hydrologic balance for many years prior to that year.

Subsequent ground-water development for irrigation in the Salome-
Harrisburg Valley and Aguila areas caused major changes in the
water table. These changes are reflected in the hydrographs of ob-
servation wells and the maps of both areas.

A comparison of the water-table contour maps prepared for 1951
(pl. 3) and October 1958 (pl. 4) for the Salome-Harrisburg Valley
area shows the significant changes. The gradient of the water table
increased from an average of about 18 feet per mile in 1951 to about
24 feet per mile in October 1958. The slope was steepest in Harris-
burg Valley, where the potential volume of saturated sediments is
least (near the narrows) and pumping has been more concentrated.

Declines of water levels in selected wells are shown on the hydro-
graphs (fig. 7). The water level in well (B-5-12)32adb declined 42
feet from 1952 to October 1958. The use of this well and several
others has been discontinued owing to the insufficient water supply,
and some shallow wells have gone dry. The decline of the water level
in well (B-5-13)9ddd near Salome was 7 feet from 1951 to 1958
(fig. 7). A reversal in gradient is indicated by the altitude of the
water level in well (B—4-12)5baa at the narrows; in May 1958 the
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altitude was 1,625 feet, or 25 feet higher than that of the water level in
the upstream well (B-5-12)32adb (table 4).
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The water-table map of the Aguila area for April 1958 (pl. 5)
shows an elongated cone of depression which extends southeastward.
The cone of depression widened considerably between April 1958 (pl.
5) and September to October 1958 (pl. 6) because of an increase in the
number of large-capacity wells. Water levels near the apex of the cone
declined about 20 feet during this period.

The water-level data collected from wells in the vicinity of Wenden
and along Centennial Wash indicate the presence of perched water
bodies. A perched water body forms when the downward percolation
of water to the saturated zone is retarded by relatively impermeable
material. Brown and Skibitzke (1956, p. 45), in a discussion of
perched water, stated :

As a particle of water moves vertically downward in response to gravitational
forces, it attains a certain velocity which is dependent on the permeability of
the porous media being traversed. The velocity would be constant if the water
particle continued to move vertically downward and if the porous media were
homogeneous. However, * * * if lenses of vastly different permeability are en-
countered * * * (and) if one of these lenses has a low permeability, then the
velocity at which a water particle can move through it under gravitational in-
fluence alone is proportionately low. Accordingly, a water particle arriving at
the top of this layer will be slowed down and the particles following it will begin
to pile up. In other words, pressure forces begin to build up until the water
particle is forced through the less permeable lens or until some alternate flow
path around the obstruction is found. This accumulation of water, because of
retarded vertical movement, establishes what is called here a perched water table.
The perched water bodies in the area lie on scattered lenses of mate-
rial of low permeability. As indicated by measurements made in deep
and shallow wells, (B-6-12)19dbb and (B-6-12)19acd, the difference
in altitude of the water levels on October 11, 1957, was 37 feet. The
difference in altitude of the water levels in October 1958 in the shallow
well (B—6-12)21dc and the deep well (B-6-12)22add was 39 feet.
Wherever they could be measured, the water levels in the shallow
wells in the vicinity of Wenden are anomalously high in comparison
to the main water table and therefore indicates perched water. The
source of recharge to the perched water bodies is apparently influent
seepage from sporadic flow of Centennial Wash. For example, in
shallow well (B-5-12)6cab the water level reached a high point of
48 feet below the surface in October 1958. This rise of 29 feet since
May 1958 can be accounted for by the infiltration of water from the
flow of Centennial Wash after the summer flash floods. Additional
evidence of perched water is reported in the log of well (B-6-12)22add
(table 3). Ground water entered the hole at a depth of 76 feet at
the contact between the alluvium and the underlying lake-bed deposits.
The altitude of this contact is 1,852 feet, 100 feet above the main water
table.
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. MOVEMENT

. Ground-water movement through an aquifer depends on the hy-
draulic permeability of the rock (Meinzer, 1923, p. 44), which is the
capacity of a rock to transmit water under pressure. Rates of ground-
water movement in MeMullen Valley may range from a few feet per
year to several feet per day, depending.on the permeability of the
material and the hydraulic gradient.

The rock types that have been described differ in their capacity
to transmit water. The bedrock has a low permeability and forms the

‘boundary of the valley-fill deposits. The alluvial-fan deposits, be-

- cause of their heterogeneity, are not uniformly permeable. The dif-
ference in permeability- affects both the rate and the direction of

~.ground-water movement. If the permeability of the material is

.greater in a certain direction downgradient, a greater proportion of
water will move in that direction. 'The permeability of the sand and

- gravel lenses is probably .many times- greater than that of the rela-
tively homogeneous: fine-grained lake-bed. deposits. The very low
permeability of the: lake-bed deposits retards movement of ground
water.

Ground water veers southwestward as it moves toward the axis of
McMullen Valley; in the vicinity of Salome it turns abruptly to the
southeast. The direction of ground-water movement is reversed in

. the Aguila area-and in Harrisburg Valley. Inthe Aguila area the di-
rection has changed owing to the development of the cone of depres-
sion. In the Harrisburg Valley area the reversal ingradient is indi-

- cated by the higher altitude of the water level in a well near the

- underground barrier than in an upstream well. This change in gradi-

. ent .indicates- that.ground water is moving from the vicinity .of the

. barriertoward the area of pumping upstream.

. RECHARGE

. The valley-fill. deposits are recharged principally by downward
* . ‘percolation from.streams and to a lesser extent by return flow from
irrigated fields. .Although possibly some water enters the valley-fill

- . deposits through. fractures in the bedrock, it is unlikely that much, if

any;-of the ‘water represents subsurface inflow from outside the boun-
-.dary of the surface drainage basin.
- . Infiltration of flood runoff.is the most significant source.of recharge
" in McMullen Valley. The recharge occurs along the mountain fronts
- ‘and along- Centennial- Wash where.the runoff in channels- crosses
.~coarse, permeable materials. As the -runoff- proceeds to lower eleva-
tions; it passes over progressively finer-grained materials, and a de-
-creasing proportion of runoff recharges the ground-water reservoir.
The ‘construction of erosion-control dams-along the upper part of
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Centennial Wash has probably reduced the amount of recharge from
this source, because (1) the silt in the runoff settles in the ponded
water and probably hinders greatly the infiltration of water to the
zone of saturation and (2) the ponded water is subject to the high
evaporation rates common in southwestern Arizona.

Part of the water applied to the land for irrigation in McMullen
Valley probably is returned to the ground-water reservoir by down-
ward percolation, but the total quantity probably is small.

Direct recharge from precipitation is probably negligible. In the
mountain areas where soil and vegetation are lacking, a part of the
rainfall accumulates in channels as runoff. A small part enters the
fractures in the rocks, but most of it is later discharged to the atmos-
phere by evaporation. Precipitation on the valley floor is prevented
from recharging the ground-water reservoir principally by layers of
clay or caliche near the land surface. The moisture is absorbed by
vegetation or held in the soil until evaporated.

Data are not available for a quantitative estimate of recharge. On
the basis of more detailed studies made in geologically and hydro-
logically similar valleys in the Southwest, the estimate of an average
annual recharge of 13,000 acre-feet in McMullen Valley made by S. F.
Turner, consulting engineer, in a hearing at the State Land Depart-
ment on June 24-25, 1958, is probably approximately correct, although
it cannot be confirmed.

DISCEARGE

Prior to the development of irrigation, ground water was discharged
primarily by evapotranspiration in Harrisburg Valley and as under-
flow from the southeast end of McMullen Valley. Centennial Wash
along the stretch in Harrisburg Valley is bounded by a thick stand
of vegetation sustained by water drawn from the zone of saturation.
No estimate of the quantity of water utilized by these plants, how-
ever, can be made from the available data. Because the subsurface
outlet for ground water at the southeast end of Harrisburg Valley is
narrow, the quantity of ground-water outflow probably never was
very great. The amount of water discharged annually from wells
probably was negligible.

Ground water has been pumped for irrigation in the valley since
the early part of the century. No large demands, however, were made
on the ground-water reservoir until 1952, when several irrigation wells
were drilled in Harrisburg Valley. The water pumped from these
wells was conveyed by canal to the upper part of the Harquahala
Plains and used for irrigation. During 1953 about 6,000 acre-feet
of water was pumped for irrigation in this area. No data are avail-
able for the rest of McMullen Valley, but ground-water withdrawals
probably were small because no large tracts were under cultivation.
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In the period 1954-57, pumpage in McMullen Valley increased from
7,000 to 21,000 acre-feet (table 5).

TaBLE 5.—Ground-water pumpage, in acre-feet, by area in McMullen Valley

Area 1953 1954 1955 1956 1957

Harrisburg Valley and vicinities
of Salome and Wenden_______ 16,000 {17, 000 7, 000 7, 000 8, 000
Aguila_ _______ | |____ 2, 000 8, 000 13, 000

Total __________________ 6,000 | 7,000 | 9,000 | 15000 | 21,000

! Pumpage in Harrisburg Valley only.

Annual ground-water withdrawals in the southwestern part of the
area were nearly uniform during the 5-year period. The relative sta-
bility was due to the concurrent decrease in production of several of
the older wells in the lower part of Harrisburg Valley and increase in
production from new wells in the vicinities of Salome and Wenden.

- Large-scale irrigation in the Aguila area began in 1954 when the first
deep well was drilled. The pumpage in this part of McMullen Valley
was 2,000 acre-feet in 1955 and 13,000 acre-feet in 1957. Because sev-
eral new irrigation wells. were drilled in 1957 and additional wells
were planned for 1958, annual ground-water withdrawals in 1958 un-
doubtedly were greater.

‘The discharge: from irrigation wells in McMullen Valley varies

-considerably ; well yields range from 150 to 3,500 gpm. The pumping
lifts range from less than 150 feet to a little more than 500 feet.

- 'The specific capacity of a well, the yield in gallons per minute per
-foot of drawdown, is an-indication of the transmissibility * of the
. materialtapped by the well. .A high specific capacity indicates an aqui-

fer of high transmissibility, but a low specific capacity does not neces-
sarily indicate an raquifer of low ' transmissibility. 'The specific

‘capacity of a well is a function of many factors, such as the diameter
of the well, the.thickness of aquifer that is penetrated by .the well, the
type, number, and- condition of perforations in the casing, and the
amount of well‘development. However, if several wells have been

.constructed and developed similarly; their specific eapacities correlate
closely with the transmissibility of ‘the aquifer they tap.

The specific capacities for 13 wells in the Aguila area (table 6)
were computed. The wells range in depth from 750.to .1;720 feet and
in rate of discharge from 900 to 3,300 gpm.  Seven of these wells-were
drilled and developed similarly and- have the same general depth,
diameter, and perforations in the casings. The specific- capacities of

1The coefficient of transmissibility may be expressed.as the number of gallons of water
‘per- day transmitted through each section of aquifer 1 mile wide extending the height of
the aquifer under a hydraulic gradient of 1 foot per mile at.the prevailing temperature. In

McMullen Valley a transmissibility of 100,000 gpd per ft is assumed to be about the upper
limit for the most productive water-bearing material.
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these 7 wells ranged from 12 to 114 gpm per foot of drawdown. The
wells having the highest specific capacity are in secs. 16 and 17, T. T N.,
R. 9 W., whereas those of lower specific capacity are to the north, east,
and southeast. Because the wells having the highest specific capacities
tap the greatest thickness of saturated alluvium, these wells probably
obtain a large part of their water from the alluvium. If this is true,
dewatering of the alluvium will cause a decline in specific capacity.

TABLE 6.—Specific capacity of selected wells in McMullen Valley

[Figures for discharge and specific capacity are rounded]

Depth Specific

Total to |Pumping| Discharge | capacity Date

Well depth | water lift (gpm) (gpm per |measured
(feet) | (feet) (feet) foot of
drawdown)
Salome-Wenden area
(B-5-18)4¢cbb._____ .. _ .. ... 350 211 255 700 16 8- 1-57
10bbb 148 1199 12,600 51 12-28-57
99 128 13,100 107 4-26-57
158 329 500 3 7-29-57
194 366 400 2 7-29-57
214 307 13, 500 38 5-24-57
222 283 2, 300 38 7-30-57
168 300 12,000 ;)
Aguila area

(B-7-8)16a8a.. ... __.._....__.__.______ 433 1 548 12, 600 23 9-30-58
29ddd. - 417 1 500 12, 500 30 5- 6-58
(B-7-9)4bbb.___ N 375 498 1, 500 12 4-16-58
4cbb. 347 448 2, 000 20 4-16-58
1ladd 392 433 2, 600 63 5~ 6-58
12aaa. 412 1 465 13,200 60 | ..

12dad 407 1470 13,000 48 |- .
15edd 352 383 2, 500 81 4-29-58
i6add. . . 342 375 3, 300 100 5- 2-58
17ded 337 365 3, 200 114 4-29-58
24aaa_ 1392 1446 13,000 56 | oo
(B-8-9)32baa. 380 495 900 8 5- 2-58
33d 368 475 1, 800 17 4-30-58

! Reported.

The specific capacities of wells in the Wenden-Salome area also
vary considerably. Wells tapping only lake-bed deposits have much
lower specific capacities than wells deep enough to tap the under-
lying coarse alluvial-fan deposits. For example, well (B-6-12)29cde
was pump-tested at a depth of 446 feet before it had penetrated the
lake-bed deposits completely. The drawdown was 332 feet in less
than 4 minutes from the start of the test when the pump broke suction.
When the well was deepened and penetrated almost 200 feet of the
alluvial-fan deposits, the specific capacity was reported to be about
6 gpm per ft. In general, the greater the thickness of the alluvial-fan
deposits penetrated by wells, the greater the specific capacities of the
wells. For example, well (B-6-12)22add, which extends about 280
feet into the alluvial-fan deposits, has a specific capacity of 15, and
wells (B-6-12)13dce and (B-6-12)13ddd, which were drilled about
475 feet into the alluvial-fan deposits, have a specific capacity of 38.



50 ..GEOLOGY, GROUND .WATER, McMULLEN VALLEY, ARIZONA

Well (B-5-13)15bab, which was drilled near the featheredge of the
lakebed deposits, extends 544 feet into saturated alluvial-fan de-
posits and has a specific capacity of 107.

STORAGE

The total volume of saturated valley-fill deposits in McMullen
Valley cannot be computed from the few data available. The deposits
underlie an area of about 500 square miles, and they range in thick-
ness from less than a foot at the valley margins-to more than 1,800
feet in the central part of the valley.. However, because the bedrock
floor on which the deposits rest is probably a surface of high relief,
the thickness of the deposits may differ markedly within short hori-
zontal distances. Without a great deal more information on the
thickness of the valley-fill deposits and on the depth to the water
- table in-all parts of McMullen Valley, estimates of the volume of

saturated material would be purely hypothetical.

The quantity of water stored within the valley-fill deposits is a
function not only.of the volume of the saturated materials but also
of their porosity. . In saturated unconsolidated deposits the water
content may be 40 percent or more of the total volume of the material.
Because some of the water is held by molecular attraction to the
grains of the material, however, not all the water can be drained
away by gravity. Thus, even though a fine-grained material may
store as much water as a coarse-grained material, the fine-grained
material will yield less, because the surface area to which water mole-
cules may adhere is much greater. The ratio of the volume of water
that a saturated material will yield by gravity to the volume of the
material is expressed as the specific yield of the material (Meinzer,
1923, p. 51). Data on the specific yield of similar deposits in other
-parts of Arizona (Halpenny and others, 1952, table 3) suggest that the
.average specific yield of the valley-fill deposits in McMullen Valley
may be about 15 percent. If this value is nearly correct, a 100-foot
thickness of saturated aquifer beneath an area of 100 square miles
would yield about 1 million acre-feet of water. Because the rate of
recharge is small and annual pumpage probably exceeds this rate,
the amount of water in storage is decreasing. The results are a decline
of the water table and a subsequent increase in pumping lifts.

CHEMICAL QUALITY

As part of this investigation, 48 samples of water from wells in
McMullen Valley were -collected and analyzed. The analyses of 5
.samples collected in 1946 and 1 collected in 1917 are also included
in this report. The analytical results (table 7) are useful in deter-
mining the suitability of the water for most uses but do not indicate
the sanitary condition of the water.
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The concentration of dissolved mineral matter in the samples of
water ranged from 200 to 7,410 ppm (parts per million). Because
the concentration of dissolved solids was more than 500 ppm in only
8 samples, however, the ground water in McMullen Valley probably
contains on the average less than 500 ppm. Most of the samples of
least mineralized water were obtained from wells in the Aguila area;
9 of the 11 samples containing less than 300 ppm of dissolved solids
came from that part of McMullen Valley. The water from wells in
Harrisburg Valley and near Salome had a greater concentration of
dissolved solids but generally was less than 500 ppm. The few samples
of more highly mineralized water came from the wells that obtained all
or a large part of their water from the lake-bed deposits. The analysis
of water obtained from well (B-6-12)15bbb in the lakebeds during
a bailer test shows a dissolved-solids content of 7,410 ppm, which in-
dicates the quality of water in the lake-bed deposits. Because these
fine-grained materials have a low permeability in comparison to the
underlying alluvial-fan deposits, however, the dissolved-solids content
of the water from this well will be much less when the well is pumped
and most of the water is obtained from the alluvial-fan deposits. This
predictable change may be illustrated by the 2 analyses of water col-
lected from well (B-6-12)22add at 800 feet and at 943 feet. The
water sampled at 800 feet was, for the most part, obtained from the
lake-bed deposits and contained 792 ppm of dissolved solids. When
the well was deepened to 943 feet, at which depth most of the water
was obtained from the alluvial-fan deposits, the dissolved-solids con-
tent in the water sample was reduced to 386 ppm. In general, the
wells in the Wenden area that penetrate the lake-bed deposits com-
pletely and obtain most of their water from the lower, coarser unit
yield water similar in quality to the ground water found in other parts
of McMullen Valley.

Most of the dissolved solids in the ground water of McMullen Valley
are derived from the minerals in the rock material that constitutes the
valley fill. Because the rocks of the valley fill are erosional products
of many formations, their mineral content is heterogeneous; the com-
position and solubility of the minerals that are available for solution
are factors that affect the amount of dissolved solids in the ground
water. The locally high dissolved-solids content of the ground water
in the valley fill may be related to the presence of gypsum and other
salts formed by evaporation of water impounded during the deposi-
tion of the valley fill.
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The chemical quality of water is an important factor in evaluating
the usefulness of the water for irrigation. The total salt concentra-
tion, boron concentration, and percent sodinm are especially important.
Several methods of classification are used to evaluate irrigation sup-
plies; however, it is very difficult to predict on .the basis of water
analyses alone what may take place in the soil when irrigation water
is added. Other factors such as soil texture and mineral content,
drainage, climate, and types of crops also are important.

A classification widely used to evaluate irrigation water was de-
veloped by Wilcox (1948). It is-based on the dissolved-solids con-
centration and percent sodium. The classification is also based on
the assumption that water will be used under average conditions with
respect to quantity of water, soil permeability, drainage, climate, and
types.of crops. The water used for irrigation in-McMullen Valley
varies considerably in quality. In the Aguila area, most of the ir-
Tigation water is-classified as “excellent-to good” in quality accord-
:ing to Wilcox (1948, p. 26). In the northern part of -the Aguila area
. 2 wells yield water in the “doubtful to unsuitable” classification, and 3
wells yield water in the “permissible to doubtful”.classification. . In
the Wenden area most of the irrigation water now being used may be
- elassified as “permissible to doubtful” or “doubtful to unsuitable” in
quality. In the Salome-Harrisburg Valley area, 6 irrigation wells
yield water classified as “excellent to good,” 1 as “good to permissible,”
2 as “permissible to doubtful,” and 2 as “doubtful to unsuitable” in
quality. In most of McMullen Valley, the percent sodium in water
used -for irrigation is high and ranges from 30 to 96.  The applica-
-tien of water having a high percent sodium may cause the soil to
. become less permeable and so retard the downward movement of
. water. Good drainage and the use of excess water, however, tend to
minimize this effect. Also, a high percent sodium is less deleterious
in- water of low or moderate dissolved-solids content than it is in
more highly mineralized water.

‘Certain specific constituents in irrigation water are undesirable and
may be damaging if present in only small quantities. Boron is one
of the most important minor- constituents in irrigation water. This
element is essential to proper:plant nutrition, but a small excess over
-the needed -amount is toxic to some types of plants. Water having a
. boron content as small as. 1 ppm is- classified by Wilcox (1948, p. 27-
. 28) as “permissible” to use in.irrigating boron-sensitive crops, which
includes most fruit trees. This classification considers only the boron
content and not other dissolved mineral matter in the water. Only 3
of the samples analyzed for boron exceeded 1 ppm.

According to the standards recommended by the U.S. Public Health
.Service (1946, p. 12), drinking water should not contain more than
1.5 ppm of fluoride. Water containing excessive amounts of fluoride
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can cause mottling of enamel in the teeth of children who drink the
water during the time their permanent teeth are forming (Dean,
1936). Ground water containing more than 1.5 ppm of fluoride is
common in McMullen Valley, as indicated by the available analyses.
Therefore, the fluoride content of drinking water to be used by young
children should be determined. Small quantities of fluoride, as much
as 1 ppm, are not objectionable, as they do not cause mottling of tooth
enamel (California State Water Pollution Control Board, 1952, p.
257) and tend to reduce the incidence of tooth decay.

Most of the nitrate in the ground water in McMullen Valley proba-
bly is derived from sources other than human and animal wastes,
although the presence of nitrate is sometimes an indication of such
contamination. Waters containing more than 44 ppm of nitrate are
considered by some authorities (Maxcy, 1950) to be a possible hazard
when used for feeding infants, as a high nitrate concentration in
water for such use has been associated with cases of cyanosis, or
“blue-baby disease.” Only 1 sample analyzed indicates a nitrate con-
centration in excess of 44 ppm (table 7).

Water used for domestic purposes in MeMullen Valley ranges in
hardness, expressed as calcium carbonate, from 18 to 489 ppm. Of
18 analyses of domestic-water samples, 9 show 100 ppm or less. House-
hold use of hard water results in excess consumption of soap. Hard
water when used in hot-water tanks or boilers causes the formation
of objectionable scale.

SINKHOLES

During this investigation several circular sinkholes formed in the
alluvium upstream from the detention dam at the narrow drainage
outlet from the valley. The following details were obtained from
P. J. Schiele (written communication, 1958) of the Bureau of Land
Management and from data collected at the site:

In August 1958 a series of flash floods oceurred above the narrows
on Centennial Wash, and the runoff filled the detention basin to within
half a foot of the outlet level. During the following days several
sinkholes formed in the alluvium within the detention basin through
which, according to reports, the impounded water drained at a rate
of 10 acre-feet per hour. The sinkholes ranged in diameter roughly
from 5 to 60 feet and in depth from a few feet to about 30 feet. The
alluvium, where exposed in the walls of the sinkholes, consists of
coarse sand and gravel, and cobbles as large as 6 inches in diameter
are common (fig. 8). The volume of alluvial material that was car-
ried into the subsurface is estimated to be about 10,000 cubic feet.

The formation of the sinkholes was directly related to the subsur-
face geology and the ground-water conditions in the area. The im-
mediate cause seems to have been the impoundment of large quantities
of water by the dam and the resulting increase in head.
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FieUuRE 8.—S8ection of alluvium exposed in sinkhole. Photograph by J. A, daCosta.

The dam is anchored to limestone at both ends (fig. 9), but the
. central part:rests. on alluvium about 10 feet below the land surface.

F1eUurRe 9.—Aerial view from the southeast showing relation of Hmestone strata to the dam
structure and to the position of sinkholes.- Limestore (ls), dam structure (d) sink-
holes (sh).
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The axis of the dam parallels the general strike of the limestone out-
crops. The rocks on both sides of the dam are shattered and displaced
by faulting, and no consistent dip could be recognized. The faults,
shear zones, and joints probably facilitated the development of so-
lution cavities in the limestone sometime in the past when the water
table was higher.

In August 1958 the storm runoff was impounded in the detention
basin. The weight of the water overlying the coarse alluvial material
probably caused caving of the material into already-formed solution
cavities in the underlying limestone bedrock. The caving was facili-
tated by the dewatering of the valley-fill deposits caused by pumping,
which caused the alluvial material that had been bridging the solu-
tion channels in the limestone bedrock to shrink and crack.

The vortical motion of the downward flow accounts for the spiral
appearance of the sinkholes (fig. 10). The water that entered the sink-

F16URE 10.—S8inkhole showing spiral effect resulting from vortical action of water flow.
Note drain at left of photograph. Photograph by J. A. daCosta.

holes moved underground toward the Harquahala Plains. A hydro-
graph of a well downstream from the dam (fig. 11) indicates that the
water level rose more than 34 feet in 30 days after the sinkholes
formed. It seems likely that the solution channels in the limestone
are connected downstream with the overlying alluvium and that part
of the water from the detention basin found its way into the alluvium
througl: the channels, causing the rise in water level at the well. A
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FicURE 11.—Graph of water-level rise killll 1well (B-4-12)5aa after development of
- 8sin oles.

slight rise in the water level was noted in the observation well upstream
from the dam ; this rise is attributed to seepage into the coarse alluvial
material from runoff in Centennial Wash and not to underflow from
the sinkholes.

The presence of solution cavities indicated by the formation of the
sinkholes shows that underflow out 6f- McMullen VaHey under natural
conditions may have been greater than would be suggested by the
narrowness and thinness of the alluvium at the outlet. Pumping has
lowered the water table and consequently has reduced (and perhaps

-stopped) the outflow through the limestone as well as through the al-
Iuvium ; thus, the water has been reserved for use in McMullen Valley.
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SUMMARY

The principal aquifer in McMullen Valley is the valley-fill deposits
in the trough between the mountain ranges. The buried parts of
mountain ranges, which are the boundaries of this aquifer, are effective
barriers to the subsurface movement of ground water into or out of
the valley-fill deposits. The general direction of movement of ground
water is southwestward to Salome and then southeastward through
Harrisburg Valley. The buried bedrock ridge beneath the surface
outlet at the southeast end of Harrisburg Valley is a partly effective
ground-water dam.

The ground-water reservoir in the valley-fill deposits is recharged
primarily by infiltration from the streams, especially when they flood.
Prior to the development of irrigation, ground water was discharged
primarily as underflow and by evapotranspiration; however, since
relatively heavy pumping began in Harrisburg Valley, little or no
ground water leaves the valley as underflow, and evapotranspiration
has probably been lessened. During 1953, about 6,000 acre-feet of
water was pumped for irrigation; by 1957 the annual pumpage had
increased to 21,000 acre-feet.

The rate of discharge from irrigation wells ranges from 150 gpm
to as much as 3,500 gpm, and the specific capacity of the wells ranges
from 2 to more than 110 gpm per ft of drawdown. In the Aguila
area, the wells having the highest specific capacities are those tapping
the greater thickness of saturated alluvium, whereas in the Wenden
and Salome-Harrisburg Valley areas the wells having the highest
specific capacities are those tapping the greatest thickness of the al-
luvial-fan deposits.

The water table has declined in areas of concentrated pumping,
particularly in the southeastern part of Harrisburg Valley and north
of Aguila. The pumping may be exceeding the rate of recharge, and
the decline may be expected to continue as water is taken from storage.

The volume of the valley-fill deposits has not been determined ac-
curately ; however, it must be very large because the deposits underlie
an area of about 500 square miles, and their maximum thickness ex-
ceeds 1,800 feet. The specific yield of the material is probably about
15 percent, and therefore large quantities of water are available for
withdrawal from storage.

Analyses of most of the water samples show that the water in
McMullen Valley is relatively low in dissolved mineral matter but
contains a high proportion of sodium. Most of the irrigation waters
in the Aguila and Salome-Harrisburg Valley areas are classified as
“excellent to good” but others range from “permissible to doubtful”
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or “doubtful to .unsuitable” because of the high percent sodium.
~Waters of these classifications should be.used. with caution to avoid
* damage to soils and crops. The analyses indicate that the water
- ranges from soft to hard and much of it has a-higher concentration-of
fluoride than is recommended for domestic use.
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