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MEMORANDUM ON GROUND-WATER RESOURCES AND GECLCGY OF
RAINBCW VALLEY-WATERMAN WASH AREA,
' MARICOPA COUNTY, ARIZONA

By
H. N. Wolcott

Introductiqg

This memorandum describes briefly the ground-water resources of
the Rainbow Valley-Waterman Wash area, Maricopa County, Arizona. The
work was begun-in 1949 and completed in August 1952, and was in coopera-
tion with the Arizona State Land Department, W. W, Lane, State Land
Commissioner,

The work included reconnaissance geologic mapping., Electrical-~
resistivity geophysical probing was done to determine depth to bedrock
in parts of the area, Records of wells were collected and the cultiva-
ted area was mapped., Geologic mapping was by the author of this report
and by D. G, Metzger, Geophysical and hydrologic field work was done
by H. E. Skibitzke. The base map was prepared by G. M. Hoskins.

Water samples were analyzed by the Quality of Water Branch at
Albuquerque, New Mexico. The section on quality of water was reviewed
by J. D. Hem, district chemist.

Purpose
The study was made for the purpose of determining:
(1) The sources and movement of ground water in each valley;

(2) TWhether a subsurface channel or passage exists through which
ground water might move from one valley into the other, and
the effects of pumping in either valley in relation to the
ground-water supply of both valleys;

(3) The approximate average annual recharge to the ground-water
supply in the Waterman Wash Valley;

(L) The probable effects of pumping for irrigation in the Waterman
Wash Valley upon water levels in shallow stock wells in
the valley;

(S) The probable effects of continued expansion of irrigation
development in Rainbow Valley.

Geography and Physiography

The Rainbow Valley~Waterman Wash area includes two distinct bodies
of ground water which lie a few miles south of the towns of Hassayampa,
Buckeye, and Liberty. The area forma a broad arc extending eastward
from Gillespie Dam on the Gila River to the Sierra Estrella, then south-
ward to a low drainage divide between the Maricopa Mountains and the
Palo Verde Mountains (pl. 1). The area is bounded on the northwest and
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north by the Buckeye Hills and cutliers of the Sierra Estrella, on the

northeast and east by the Sierra-Estrella and the Palo Verde Mountains,
and on the southeast and south by the Haley Hills and the low drainage

divide already mentioned, and on the southwest and west Yy the Maricopa
Mountains and the Gila River. :

To avoid confusion in the descriptions.of the two valleys, the small
valley that drains into the Gila River immediately downstream from
Gillespie Dam is designated in this report as Rainbow Valley (pl. 1).

It is a part of a larger ground-watér area known as the Gila Bend basin.
The area drained by Waterman Wash is designated the Waterman Wash area.
The total drainage area of Rainbow Valley is approximately 80 square
miles; of Waterman Wash,.approximately 40O square miles, The physio-
graphic line of division between the valleys is a low alluvial ridge
that extends northward from the Maricopa Mountains to the Buckeye Hills.

Ce olo&

The Waterman Wash basin probably was formed by downfaulting of a

block between the Sierra Estrella Mountaing and the Maricopa Mountains
The deepest well in the area, in sec. 23, T. 2 S., R, 2 W., was drilled

to a depth of 1,263 feet m.thout encountering bedrock (table 1), There
is noth:.ng to indn.cate how much deeper the basin may be, but the depth
already proved is sufficient to justify the hypothesis of structural
origin, Rainbow Valley is a re-entrant of the Gila River Valley, and
it is probable that, except along the extreme western border, near the
Gila River, bedrock lies at much shallower depths than in the Waterman

Wash basin, ‘

. On the map (pl. 1) some of the areas underlain by shallow bedrock
are outlined and designated as "ped:.mer;t." Within. these areas- small
quantities of water may be encountered in shallow wells, These wells
may produce enough water for stock or domestic use, but the supply is
not dependable and the wells are liable to go dry during periods of
prolonged drought. Cwing to the presence of the pediments, the ground-
water storage capacity in each. valley is less than would be suggested by
the large alluvial areas. :

.- Granitic and metamorphic rocks, probably pre-Cambrian in age,
compose the mountain borders of both valleys and, in all probabﬂ:\.ty,
rocks of the same types form the hard-rock basin floo*so Granite and
gran:.te-gneiss are predominant in the mountains on the northern and
western sides of the area. Schist and gneiss predominaté in the
mountains. and hills on the eastern and southern border.

The .1ogs of variocus wells in the Waterman Wash basin (table 2)
indicate that the alluvial fill is similar in character to that in other
basins of .the desert region. Gravel, sand, silt, and clay are encountered
at various depths and in varying thicknesses. The basin appears not
to have been in the course of any major drainage, and therefore the
alluvial-fill materials probably have been derived from the nearby
hills and mountaips.

Clay deposits. thus far encountered appear to be lenticular and
none is of any great lateral extent suggesting that there was no
protracted interruption of .drainage from the basin; and, hence, no
extensive accumulation of lake sediments, during the period of alluvial
deposition. It is probable that the closure of the basin outlet was
the result of geologically recent uplift along the line of the Buckeye
Hills, after deposition of most of the alluvium,



Ground-water Resources

Sourc es and Mcvement

, Recharge to the ground-water regervoir-underlying” Ran.nbow Valley
ig received from four sources: (1) Underflow along the-Gila River;

(2) rugeff of rainfall in portions of the Buckeye Hills'and the Marigopa
-Mountains; (3) seepage from-canals.and irrigated lands§ and (L) sespage
from floods or other occasional surface flows in the G:.la River channa’,

The principal souwrces of recharge to the Waterman Wash Valley =rea
runoff from rainfall within the drainage basin and seepage from irriga-
tion of approximately 3,500 acres of land near the cehter of the valley.
Therse is no -entry of water into the basin from the Santa Cruz River or
its tributaries. Vekol Wash may have discharged at one .time into
Waterman Wash, but its present course is deflected eastward into the
Santa Cruz R:Lver in the vicinity of the Palo Verde Mountains. The
slight underflow along Vekol Wash probably parallels the surface
channel,

Ground water in Rainbow Valley moves westward toward the Gila River.,
In the vicinity of the river, movement is from north to sduth.

- In the Waterman Wash Valley there appears to be ng' defmlte trend
of ground-water movement ekxcept as indicated by a slight ‘downward grad-
ient of the water table from the hard-rock borders toward the center of
the valley. . In the area where outflow might be expected northward
through the narrows (secs. 29, 30, 31, and 32, T. 1 S,, R, 2 W,), the
water-table gradient-at present is sl:.ghtly downward toward the sou‘bh.
Therefare, no discharge occurs by underflow in-this locality. The
moderately heavy plant growth aleng this part of the wash probably is
supplied from a zone of shallow water, and evapotranspiration from the
plants constitutes the only natural discharge at present,-’

Possibility of Movement of Ground Water:from -
Waterman Wash into Rainbow Valley -

The . two basins are separated on the surface by only a low zlluwvial
divide, and there has been some speculation as to whether ground water
might move from the Waterman Wash area into Rainbow Valley beneath the
surface of the divide.- In the geoliogic study of the area, considerable
time was spent along the divide., Electrical resistivity probes were
made for the purpose of checking and veri"fying conclusions ‘drawn from
the geolegic work. :

The results of the work all tmd:.cate that, about 2 m:.les west of
the alluvial divide and at shallow depths below the surface, there is
a continuous rock ridge extending northward from the Marlcopa: Mountains
to the Buckeye Hills Low, inconspicuous outcrops of granit:.c and
metamorphic rocks occur at several places along the line- of "the ridge,
and geophysical probes were run at- intermediate points Getween the out-
crops. The probes indicated the presence of bedrock at shallow depths
beneath the alluvial surface. There is, therefore, no possibility of
any substantial ground-water movement from Waterman Wash basin into
Rainbow Valley, and pumping in either valley should ha¥e no effect upon
the water resources: of ' the other valley.



Estimated Average Ammual Recharge to the Ground-Water
Supply in Waterman Wash Valley

As far as could be determined, there is no way in vhich ground water
escapes at present from Waterman Wash Valley as underflow from the
bagin. Evaporation of ground water and transpiration by phreatophytes
is small and the only important discharge of ground water from the -
valley :Lé by pumping for irrigation. A prolonged wet cycle probably: -
would cause the water table to rise sufficiently to bring about the :
discharge of ground water as underflow through the narrow gap in the
hills at the north end of the valley. ?

Recharge.-—As already sta'hed the principal sources of recharge to the
area aré runoff from rainfall within the drainage limits of the basin‘and
seepage from irrigation. The avérage annual recharge to the ground--
water reservoir is, therefore, approximately the amount of rainfall
runoff that infiltrates from the sandy washes to the ground-water
reservoir. :

.Experimental work in other parts of Arizona has shown that in
the average year there is little or no direct recharge from rain that
falls upon the flat valley floors (Turner and others, 1543, p. L2).
Some of the rain runs off and some penetrates a few inches into the
soil and is lost through transpiration by desert plants and by evapo-
ration, Of the rain that falls upon the hard-rock mountain surfaces,
part is evaporated and part becomes runoff that percolates into the

orous sands and gravels along washes and eventually reac‘ws the
ground-water reservoir

.- Average annual rainfall at- Phoem.x is 7.80 inches and at Gila Bend,
apprommately 6 inches, As Waterman Wash Valley lies between the two
cities, an average annual rainfall of 7 inches on the Waterman Wash'
area was assumed for the purpose of estimating the quantity of recharge
from runoff of rainfall, Vo

Neither aerial photographs nor. topographlc maps were available
for all the mountains surrounding the basin, and the total hard-rock
area within the drainage limits of the basm could be only approxlmated.
‘A maximum of 50,000 acres might be thus classified.

Exper:unen‘bal work in 1943 on Queen Creek; in the eastern part of -
the Salt River Valley area, showed that 6 to 10 percent of the total ™
rainfall on terrain of t.hls type finds its way into washes as runoff
(Turner, S. F., personal communication, 1950), Of this amount, as
much as 50 percent percolates as recharge to the ground-water reservo:.r
‘(Babcock. and Cushing, 1942, pp. L9-56). The balance is lost by evapo-
ration and transpiration.

Assuming a maximum hard-rock area of 50, 000 acres, an average
annual rainfall of 7 inches, a maximum factor of 10 percent for rain-
fall runoff into sand washes, and a factor of 50 percent for runoff con-
tributing recharge to ground water, it is estimated that a maximum of
1,500 acre~feet might be recharged annually to the ground-water reser-
vo:.r from rainfall upon the hard-rock areas. If the runcff factor
used were & percent instead of 10 percent, the annual recharge would
amount to less than 1,000 acre-feet,

In addition, there will be some recharge from rainfall that reaches

sand washes as runoff after falling upon the flat valley surfaces.
During heavy storms, rain sometimes falls more rapidly than it can be
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absorbed by the soil, and the excess water follows small branches that
lead into the’ maaer washes. Tﬁb average amount .of recharge from this
source probably does not eéxceed 1,000 acre-feet per annum, and might be
as little as 500 acre-feet. On- the basis- of these figures, it is
estimated that the total average amnual recharge from rainfall to the
Waterman Wash ground-water reservoir does not exceed 2 500 acre-feet,
and may be as little as 1,500 acre-feet.

Recharge from water applled to the land for irrlgation 'is estimated
on the basis of experimental werk in Safford Valley (Turner and others,
1941, p. 30), In 1952 there was a total of about 3,500 acres uader
cultivation in Waterman Wash Valley. Assuming an annual consumptive use
of 5 acre-feet of water per acre and a factor of 15 parcent of ‘water
retwrned as recharge from irrigation, the total annual recharge from
this source would amount to approx1mateky 2,600 a;re-feet.

Adding the estimated quantities of recharge received from precipi-
tation, and from irrigation of lands under cultivation in 1952, the
approximate total recharge is believed to be between 4,000 and 5 000
acre-feet per year.

Pumpage,~-—ithdrawal of ground water for irrigation. in- the valley in
1952 is estimated to be about 17,000 acre-feet on the basms of dubty; of
.water of 5 acre-feet per acre and a total irrigated area.of_B 500 acres.
If this factor for use were as low as L dére-feet per acre, t0ual pumpage
in 1952 would be 1,000 acre-feet. The amount of ground water withdrawn
in 1952, therefore, "#i1l exceed recharge by approximately 10,000 to

12,000 acre-feet. This dlfference between recharge and pumpage will be
w1thdrawn from storage. .

Storage.--Agricultural development in the valley has been so recent
that data are not yet available regarding the rate of decllne of. the
water table in response to withdrawals from storage, nor are data
available upon which to base an estimate of the. quantlty ‘of ground
water stored in the valley. Continued pumplng, even from deep. aquifers
near the center of the valley, will result in an accelerated movement
.of ground water toward the points of withdrawal and a lowering of water
levels throughout the area. Water levels in comparatively shallow stock
or domestic wells will be affected, and- some wells that are now producing
water are likely to become dry.

Qualltv of Water

Although ‘a few analyses avallable ‘indicate that the qualzty of the
ground water in Waterman Wash Valley is suitable for irg;gatlon at
present some account should be taken of the increase in mineral content
that will result from continued use and re-use of the.ground water in
the basin, With no ground-water discharge to areas outside the valley
to flush out accumulated salts, the water may eventually become so highly
mineralized that it will be unfit for use, It is imposgible to.estimate
how long it may take for such a condition to be brought about because
the length of time depends upon two unknown factors-~the quantity of
water in storage and thesrate at which it may be used for irrigation.



Effect of Continued Expansion of Agricultural
- Development in Rainbow Valley

No quantitative estimate .of the recharge to or- discharge from Rainbow
Valley was attempted, because of the complexity of the problem and lack
of necessary data, Recharge to the area is from several different sources,
some of which would be difficult or impossible to evaluate. As there
is no surface or subsurface division between Rainbow Valley and the
Gila Bend basin, the ground-water reservoir is common to both. It is
possible, however, to anticipate certain resulis that probably will
follow a continued expansion of agricultural development in Rainbow
Valley.

Chemical analyses of water from wells in this area (see table 3)
show a high mineral content in the ground water paralleling the Gila
River channel., Dissolved solids are highest in the wells nearest
Gillespie Dam, where the water is derived principally from the river
underflow. Downstream,the water improves somewhat in quality as a
result of dilution by ground water of better quality mov:.ng wes tward
in Rainbow Valley.

Increasing irrigation development in Rainbow Valley will eventually
lower the water table sufficiently to cause movement of highly mineral-
ized water eastward, away from the river, toward the area where pumping
is heaviest. Evapo’cranSplratn.on in the irrigated area will cause an
increase in content of undesirable minerals in the root zone. If the
quantities of salts in the soil and in the ground water that is used
for irrigation becomes too high, some land will be forced out of culti-
vation.

The irrigable area in Rambow Valley is not large and from the
standpoint of quantity alone, overdevelopment probably is not imminent,
~ but the detericration of quality of the ground water in this area may
' “eventually become a factor limiting withdrawals. Pumpage figures for
Rainbow Valley are included in the section on the Gila Bend basin.

Summary and Conclusions

The Rainbow Valley-Waterman Wash area includes two distinct ground-
water reservoirs.

The lower part of Waterman Wash Valley is enclosed by hard-rock
boundaries and there can be no underflow out of the basin as long as
the water table remains at or near its present level. Rainbow Valley
is a re-entrant of the Gila River Valley and therefore is a part of the

Gila Bend basin,
: The alluvial fill in Waterman Wash basin is composed of gravel,
sand, silt, and clay, and it has a proved depth, in places, of more
tha.n 1,200 feet. Deposition of the alluvium has been characteristically
irregular, and there is no great continuity of individual beds or
lenses, either vertically or laterally. The total thickness of alluvium
in Waterman Wash is probably greater than in Rainbow Valley.

Recharge to the ground-water reservoir in Rainbow Valley is from
various sources, but the recharge in Waterman Wash basin is derived
principally from runoff of rainfall and by seepage from irrigated lands.

The ground-water reservoirs of the two valleys are separated by a
hard-rock barrier, and there is no appreciable movement of ground water
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from either valley to the other. Pumping in either valley will have
no effect upon the ground-water supply of the other valley.

The recharge to Waterman Wash Valley in 1952 is estimated to be not
more than 5,000 acre-feet, and it may be as little as L,000 acre-feet.
Continued use of ground water for {rrigation in. the valley will lower
water levels and may result in some of the shallow stock or demestic
wells becoming dry.

Continued expansion of mxgation deveIOpment in Rainbow Valley
will result in increasing mineralization of the ground water in that
area, and the deterioration in quality of the water may ultimately
force some land out of cultivation.
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Table 2,-«Logs of rerresentative wells in Rainbow Valley-Waterman Wash area,
Maricopa County, Ariz, ‘

e

Thickness | Depth . Thickness | Depth
(feet) |(feet) ) ’ (feet) |(feet
Sec. 33, T. 2S.,, R, 1 W, Gravel san& thin streaks
oo clay = = = = = = = --4 100 c5u
Surface sand = = = = = =« 80 _| .80 |(Gravel and sand = = = ~ - 50 | 1coo
Clay = = @ = = = = = = =« 121 201 | Gravel, sand with hard '
Clay with streaks of sand | 294 L95 || cemented streaks of sand +250 | 1z5C
S5aNd = = = % = = - - - - o 90 585 ||TOTAL DEPTH 1250
Tight, grey sand = « = = = 91 676
Grey sand = = « = = = = 51 727 '
Grey sand with streaks of || Secs 35, T, 2 S,, R, 2 7,
blue clay = = = = = = = « 43 770 | ' 4 ' »
Soft grey sand = = « = = 4 = 51 821 ||Surface sand = = = = = « 4 100 100
Medium grey sand = - = - o 30 851} [Brown clay-------- Lo w0
Hard streaks -of grey sand 3 85L ||Sand, gravel, some -
Medium grey sand = = = - 4 15 869 || boulders == = ===~4 60 200
Tight sand = = = = '-'- - - 17 886 ||Sand, gravel some streaks
Safid = = = = = = = - = = 99 985 || of light. colored clay = - 600 800
Tight sand = = = @ = =« = 4 - L5 1030 ||[Light grey sand mixed with
TOTAL DEPTH 1030 || blue Clay = = = = = = == 180 980
Hard light sand . = = = = 4 57 | 1037
TOTAL DEPTH ’ : 1037
Sec. 5 T. 2 S..; e 2 w. ot]
14 f 4
Surface sand and clay - 4 120 120 |{ Sec. 28, T. L S., R. 1'E] ' ¢
Clay---------.-- 20 1).(.0 .
Sand, & = = = = = = =« - o 70 210 {{Surface SOil = = =, = = = o4 L
Clay' = = = = = = = = = = S 215 |{Caliche - hard streaks - - 166 170
Clay with streaks of sand 50 265 |Fine sand ‘= = = = = = = 4. 8 178
Sand = = = = = = = = « = - 95 360 |{Clay and sand streaks’ - o4 32 210
Clay = = = = @ = = = = = = 30 390 {{Sand and hard streaks - 4 . 50 260
White sand = = = = = = = o 20 [10!Sand = = = = = = = = = = - 30- | 290
Clay = = = = = = = = = = 50 L60 |[Cemented sand and boulders  1l: 301
Sand = = = @« @ = @ = = &4 125 585 ||Sand and boulders = = = - 69 370
Silt and sand = = = = = 4 537 1122 /|Sand and.boulder. streaks - 30 | LoO
TOTAL DEPTH . 1122 ||Sand & boulders & clay
L streaks = = = = = = = ~ 60 | Léo
‘ Clay = = = = = = = = = = - é L66
Sec. ZZLT. 2 S.,43. 2 W. — Sandy clay - e o= - 'ﬁ - -y SI.‘ 520
: ) Sand & clay streaks = = - L3 563
Surface sand, clay, Hard clay = = = = = < = 4 57 620
caliche = = « @« = = = = 4 200 200 |[Clay & sand streaks = - 83 703
Sand, gravel, and clay = 4 70 270 ||Clay & boulder streal«s - - L7 750
Sand, streaks of gravel < 100 370 ||TOTAL DEPTH - 750
Sand, gravel, thin strea : - ;
sandy clay = = = = = -k§ 190 560 '
Gravel, streaks sand - - 8501

- 290 -
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