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INTRODUCTION

PURPOSE AND COOPERATION

The ground-water resources of Deer Valley, in Maricopa County, Arizena,
were first studied in 194l by the United States Geological Survey, Department
of the Interior. This work was done at the request of the War Department.

In the fall and winter of 1948, a more detailed study of the Deer Valley area
was made as a part of the State-wide investigation of ground-water basins,
as provided by the Arigona Ground Water act of 1945. This work was done on
a cooperative basis between the Arizona State Land Department, 0. C. Williams,
Commissioner, and the United States Geological Survey. Field work was done
by F. I, Bluhm and H, B, Skibitzke, engineers,.and H. N. Wolcott, geologist,
under the direct supervision of H, M. Babcock, engineer, and under the
general supervision of S, F, Turner, District Engineer (Ground Water), of
the Geological Survey. Water analyses were made by L. S. Hughes, chamiet,
under the general direction of J. D, Hem, Digtrict Chemist of the Geological
Sutvey. Analyses of water from some of the wells in the area were made in
earlier years by the Salt River Valley Water Users! Association, and these
records were made available by the Association for use in this investigation.
g; M. Hoskins, engineer, assisted in the preparation of tables and illustra~
ons.

LOCATION -

~ Deer Valley, with an area of approximately 40,000 acres, lies on the

north edge of the Salt River Valley Project, north of the town of Glendale.
The area considered in this report is bounded on the north by the Hedgpeth
Hills, on the east by the Union Hills and the Phoenix Hountalns, on the
south by the Arizona Canal, and on the west by the New River.

Aerial photographs of the area on a scale of approximately 2 inches to
the mile were used in preparing the base map. Levels were run to wells and
elevations were determined to the nearest 0.1 foot.

CLIMATE

The Deer Valley atea has a climate much the same as that of Phoenix,
characterized by dry, hot summers and mild winters., The average anmial
precipitation at Phoenix is 7.78 inches, according to a 52-year record of
the U, S, Weather Bureau. During 1947 the temperature ranged from 27° to
113° F., and the mean anmal temperature was 63.7° F.

HISTORY AND DEVELOPMENT

Prior to 1940 there was relatively little agricultural development-in . .- -
Deer Valley and water was pumped mainly for domestic and stock use. In 19%0
epproximately 200 acres were under cultivation, supplied with water from one
large irrigation well (no. 2612). Since 1940, under the impetus of high
agricultural prices, devélopment of the area has been rapid. By the end of
1948, 80 large irrigation wells had been completed to irrigate more than
21,000 acres. The principal crops raised are truck-garden vegetables, cotton,
and alfalfa, Well locations and cultivated areas are shown on plates 1 and 2.
As no surface-water supply is available, all the irrigation water has been
derived from wells and the result has been a large depletion of the ground
water in storage. Pumpage has increased from a little over 00 acre-feet in
1940, to 88,000 acre-feet in 1948. The total pumpage for the 9-year period
was 266,000 acre-feet. Figure 1 shows the amount of water pumped each year
and the decline of water level in the valley.



PREVIOUS INVESTIGATIONS

In the spring of 1941, H, M, Babcock and R. B, Morrisonl/ made a
reconnaissance survey of the area. Data compiled at that time have been
used in this study in determining changes in water levels and pumpage.

GEOLOGY AND ITS RELATION TO GROUND-WATER SUPPLIES

PHYSIOGRAPHY

Deer Valley is a small reentrant on the north border of the Salt River
Valley. The valley floor is an undissected plain which slopes upward from
the Arizona Canal to the Hedgpeth Hills on the north (see pl. 1). Hard-rock
slopes of the Phoenix Mountalns and the Union Hills formm the eastern border
of the area, and the New River limits the valley on the west. Skunk Oreek
and Cave Creek, both of which are ephemeral streams, emerge into Deer Valley
from the mountainous country to the north, and flow in shallow channels across
the flat valley floor.

GEOLOGIC HISTORY

It is possible to draw only general conclusions as to the geologic
history of the area nrior to the Cretaceous period. During a long interval
of erosion that preceded the Cretaceous period, the land surface, underlain
by pre-Cambrian schists and granites, probably was reduced to low relief,

In parts of the region the pre-Cemdbrian rocks may have been covered with
Paleozoic or early Mesozoic marine sediments, although there is no evidence
that such deposition actually occurred. If such sediments did accumilate in
the area prior to the Cretaceous period, they were either removed by subd-
sequent erosion or buried beneath an enormous thickness of later volcanic
materials or alluvium,

Land movement of great magnitude accompanied the volcanic activity of
the Cretaceous and Tertiary periods, and it was probably during these times
that large structural troughs and ridges were formed in the pre-~-Cambrian
basal rocks. Llava was ejected from the earth at numerous places, usually
in the fom of flows but occasionally by violent eruptions. accompanying
the many local disturbances resulting from vulcanism in the cretaceoua a.nd

mass over the entire valley region, and a corresponding’ uplift of the
country to the north and east. These divergent movements produced a great
escaryment and a parallel belt of intensely faulted and broken formations
alorg ths zone of maximum displacement. The escarpment is now known as the
Mogol'ion Rim. Erosion was greatly accelerated by the changec in land levels,
and onermous quantities of alluvium were deposited in the valleys of the
subyiling areas. Deer Valley, ir common with adjacent areas, began to
accumvlate its deposits of valley fill, and the process of eggradation-hag -
continued intermittently to the present time.

Irterruptions in the deposition of alluvium in the valley may have been
due to climatic changes, to lava flows which temporarily diverted dralnage
from the area, or to periods of stability during vwhich the land surface ceased
to subside. 2>*ng the inter.uptions, the sediments at or near the temporary
level of the valliey floor were consolidated and cemented, Layers and lensges
of cemented sands and gravels have been encountered in many wells within the
area, As alluvial deposition was renewed, the cemented sediments were buried
beneath the more recent unconsolicated material which now constitutes the
upper portion of the fill in Deer Vai'ey (see fig. 2).

RSP

1
"‘,Ba'bcock H. M., and Morrison. k. B, ound water in Skunk Creek area,
Ma.ricopa Countx ariz.: U, S, Geol. Survey (co,.fiden*'ial raport to U, S,
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Al though lava flows form part of the valley borders en the noerth and
east sides, there is no evidence to indicate that the entire valley floor
was ever covered by lava. Quaternary basalt rests upon alluvisl material in-
a few places along the margin of the valley tut -only a few wells in the
valley have encountered volcanic materials, This could mean that lava A
entered the valley area as tongues following dra.tnage depressions in the older
alluvial surface. :

During the Quaternary period, wvolcanic activity diminighed and tinally
- ceased, tut land movement, both local and regional, contimued. These later
movements were for the most part gradusl but they were of considerable
magnitude and their effects are visible in the present topography of the u'u.

STRUCTURR

Block fanlting and. tllting have had an hnportmt eﬁect ‘upon the topo-
graphic forms™in the Deer Valley area. These structural movements probably
reached .a maximum during the Tertiary period, ut 1&:@*:0&10 fanlting has
continued into fairly recent- times, affecting the Qiaternary lavas and sedi-
ments, ‘Although of considerable magnitude, the faulting and tilting apparent-
1y have been gradual, and the’ tilted blocks are not greatly broken up. The
strike of the major movements conforms with the general northwest structural
trend in the region. but there are mumerous northeast-trending cross faultsa,

No evidence of folding was observed 4in the ares.

ROCK FomMafTONS

Pre-Cambrisn rockg

Schist, granite, and gneiss of probable pre-Cambrian age constitute the
basal formations in the Deer Valley area, These rocks form a portion of the
valley border on the east side, and a small exposure of the granite occurs
on the northwest side of the area. ¥lgewhere these formations are covered
by sediments or by lava flows,

Schists, vhich form part of the Phoenix Mountains on the eastern border

of. the-valley; are Lyat] ,,Mlasstﬁmclcswin.the reg;lon.~ -~ They: ra.nge 1n
colbi* from:3ightagre ;AN buff.: They: com N
uricﬂawt i

and sYate, ‘the

Weathering. accentuatas “the Iami.naﬁons ‘on the .gurface, -but does not penetrate
deeply. - conse«mently, -the *roeks are- not pemoa‘ble -and are of very little
importance as -aquifers.

The granite that borders part of Deer Valley is a medium-grained gray
-~ variel¥, ysef:sorthockese fekdspar, quartz -and~biotite mica:-

It is" mtiqeably“ba : ,cé,uyoly -Jointed, ‘and is not generally doeply -

weathered. As the rock 8 practically impervious, except along joints or
fracture planes, 11; is of slight importance as an aquifer.

The gneims in the area was derived from the granite, and its lithological
and vater-bearing properties are the same as those of the parent rdock. It
has practically no value for storage or transmission of ground water. ‘ ‘




Cretaceous_ and Tertiary rocks

Volcanic rocks

Lavas of probable Cretacedsus and Tertiary age occur on the northwest,
north, and northeast sides of Deer Valley. These rocks are predominantly
basic or intermediate in character and consist of successive flows of basalt,
andegite, and some dacite. Thin beds of white rhyolitic tuff oceur in
several places between the topmost flows, which are believed to be of Tertiary
age, and the overlying Quaternary basalt, and no definite age designation
can be given to thesé pyroclastic materials. They may mark the last exuptive
outburst of the Tertiary period or they may be related to the red scoria and
agglomerate that frequently form the bgsal member of the Qzaternary volcanic
rocks in the region.

No uniform stratigraphic succeséion could be determined in the Cretaceous
and Tertiary lavas. The thicknesses of the flows are extremely variabdle,
suggesting the probability that they were deposited upon very uneven surfaces
during periods of frequent upheavel and distortion of the land surface.
Quaternary bYasalt covered mgst of the older lavas but they have been exposed
agaein by block faulting and tilting.

In general, the Cretaceous and Tertiary volcanic rocks are extensively
Jointed and are therefore subject to fairly rapid erosion and weathering.

- Some of these rocks would provide easy access to water from rainfall, tuf
the total exposed area is not large and they are not important aquifers.

- Sedimentary deposits

On the eastern border of Deer Valley a conglomerate is exposed wvhich is
definltely prevolcanic in age, possibly early Cretaceous. This conglomerate,
vhich is not shown on the geologic map, plate 1, occurs on the east benk of
Cave Creelc in gec. 21, T. 4 N., R, 3 E. The conglomerate lies unconformably
upon chlorite schist., The rocks in the conglomerate range from small pebbles
to very large cobbles and consist of various metamorphic rocks and, occasion=
~ ally, granite, Volcanic rocks are absent.

None of the material in the conglomerate shows much rounding, and mo:t
of it is-angular;" 1nzucat1ng & nearby source.. Cementation ranges from :
moderate to firm, ‘and “the cementing material is calcareous. Zones of firm
.cementation, which follow 0ld channels cut in the underlying schist, are
suggestive of the former presence of springs in this locality.

" The lower part of the alluvium that constitutes the valley fill in the
Deer Valley structural trough is probably of Tertiary age. The character of
the alluvium is unknown as there are no surface exposures, and no wells have

- penetrated the entire ,shg,ch;_ess._of the valley fill... | . BRI

Qggtemg rocks
Volcanic rocks

Lava flows of Quaternary age cover a considerable area along the
northern margin of Deer Valley, and they also form a few small, but conspic-
uous, isolated hills which rise out of the flat valley floor. Similar flows
cover older metamorphic rocks and sediments in the Phoenix Mountains on the
eastern edge of the valley. A maximum thickness of approximately 200 feet
was observed in the latter locality, but the thickness usually is much less.
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The flows are composed of dark-gray olivine dasalt, which is generally
vesicular. The basal member frequently is a thin leyer of red scoriaceous
basalt or agglomerate, The gray basalt readily acquires a surface weathering
of ehiny black "desert varsish," typical of the Quaternary lava flows in
this region.

Jointing has been extreme, and the rook disintegrates rapldly along the
Joint planes. This gives the effect of enormous boulder heaps which maintain
the outlines of the original flows. Id spite of the extent of their dlsinte~
gration, the Quaternary lavas are not good aquifers in this region. The rock
fragments weather rapidly into clay which effectively prevents the dowanward
percolation of water from rainfall, Wells drilled near the edge of some of
the basalt hills have penetrated the lava and passed into cemented sediments
underneath, None of these wells ig known to have ensountered water in any
appreciable quantity in the volcanio rocks. ’ '

) Sedimentary deposite

Several different types of sedimentary deposits are exposed in the Deer
Velley area. Although the age of these deposits cannot be proved, they are
believed to be Quaternary and are shown as such on the map (pl. 1).

Older Quaternary sediments.- One type of sedimentary deposit may be
obgerved along the east face of a steep hill in gec. 18, 7. 3 N., R, 3 E.
This deposit consists of a series of fliimmly cemented fine gravels and sands
which are overlain with apparent conformity by Quaternary scoria and basalt.
The maximum thickness of the sediments at this locality is estimated to be
epproximately 200 feet. Where the base is exposed, the sediments are resting
upon an eroded surface of pre-Cambrian schist. ‘

The sediments are falrly well sorted, and the beds dip approximately
5° northwest toward Deer Valley. Particles of granite, metamorphid rocks,
and lavas make up the aggregate, These sediments are lithologically identical
with specimens of cemented sand and gravel that came from well 2559 (see fig.2)
at a depth of approximately 600 feet, and it is probable that the two occur-
rences are directly related. There is no way in which the age of these
sediments can be definitely determined, but they are believed to be

Another type of sedimentary deposit is composed of unconsolidated and
unsorted materials, which form several prominent ridges along the east side
of Deer Valley. The materials composing the deposits range in size from
silt to boulders more than § feet in diameter, and consigt mostly of schist,
gneigs, quartzite, and granite, with minor amounts of various volcanic rocks.
These ridges exhibit smooth crests which are strongly suggestive of stream-
terraces. However, the angularity of the materials that compose them would
eppear to exclude the postulate of stream transportation, and the origin of
the ridges cannot be determined without further investigation.

One of the ridge deposits rests, with an erosional unconformity, upen
Tertiary or Cretaceous basalt at the base of a prominent peak 2 miles north
of Cactus (see pl. 1). This ridge extends southward almost to Cactus, then
branches to the west, and terminates against hills of pre-Cambrian schist in
the Phoenix Mountains, There is no basis upon which to assign a definite
age to the sediments of the type described, except that they are probably
older than Recent, but certainly not older than Tertiary. In the absence of
definite information, they are assigned a Quaternary age in this report.

If sediments similar to the ridge deposits exigt as valley fill beneath
the surface of the later alluvium in Deer Valley, they should be good aquifers.
Because of their limited area, they are of minor importance in the 4ransmis-
sion of rainfall to underground storage.
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Quaternary alluvium,- The most extensive sedimentary depesits in the
area are the Quaternary gravels, sands, silts, and clays which form the flat
valley floor and which extend to undetermined depths below the surface of the
valley, These deposits contain the most produstive aquifers. Those at the
surface are mapped as "Quaternary alluvium" on plate 1. At depth the younger
deposits pass into sediments probably equivalent in age to the "older Quater-
nary sediments" exposed at the edges of the valley, but the data are not
adequate to show definitely the depth at which this occurs. Although there is
no ‘apparent uniformity or pattern in the occurrence of the clays, silts, or
uncemented sands and gravels, a study of the logs of many of the wells in
Deer Valley reveals the presence of cemented sand and gravel at depths in the
neighborhood of 500 feet (ses fig., 2). These cemented beds prodably corres-
_pond to the older sedimente found in the hills in sec. 18, T. 3 N., R, 3 B,
They are not good aquifers.

The youngest Quaternary doposit is the Recent slluvium along. the channels
of Skunk Creek and Cave Creek: It is not ghown separately from the rest of
the "Quaternary alluvium* on plate 1. Thé coarse, unconsolidated, and unsorted
sands and gravels making up tHe Recent alluvium afford an excellent opportun- -
ity for the penetration of surface watdr to undprground storage. Unfortunately,

"however, water flows in these channels only at, ﬂa.re intervals, and usually for
not more than a few hours at & time, It is, therefore, evident that the
streams; except during periods of abnormal presipitation, contribute very
little recharge to the ground-’water roservoir in Deer Valley.

TIGKNESS OF WALLEY TILL

As no deép welle have been drilled in Deer Valley, any statement as to
the character of the sediments at depth, or as to the total thickness of the
valley fill in the area, can be only speculative., However, by analogy with
conditions in the nearby Salt River Valley and Paradise Valley, it may be
inferred that the hard-rock floor of the valley trough would be found between
2,000 and 3,000 feet below the present surface of the alluvium, This depth
would, of course, be variable.

Another inference would be that productive aquifers generally will not
be found at depths below- about 1,000 feet. Below that depth clays and
céamented materials will probably predomi.nate. and these materials would have

1ittle producttve capanity. .
Gmmn.wm msouncns

OCCURRENCE OF GROUND WATER

Ground water occurs in the clays, silts, sands, and gravels of the
elluvial fill in'the valley.: The:materials that compose the £ill are not
distributed with any uniformity, either vertically or laterally., They occur
as discontimuous layers and lenses, and closely adjoining wells usually show
little similarity in the materials encountered at any given depth., Table 1
shows records of wells, and table 2 shows logs of representative wells in the
valley. Although the silts and clays are generally more porous than the sands
and gravels, the pore spaces are so small that little or no water can be
removed, Therefore, the gravels and sands are the most important water-
bearing materials. The lenses and layers of sand and gravel are discontimious
but are interconnected. This is shown by the fact that the water in practical-
1y all wells in a given locality stands at a comparatively uniform level.

Most of the irrigation wells have been drilled to a depth of more than
500 feet, greatest depth reported being 1,186 feet. Depths to water range
from approximately 150 feet near the Arizona. Canal to more than 300 feet in
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the northern part of the area. In general, the depth to water increases
northward, as the slope of the land surface is greater than the slope of the
water table. The discharge from individual wells ranges from about 600 to
3,500 gallons a minute, and the drawdown ranges from 25 to 75 feet. The
specific capacity of the wells ranges from 25 to 85 gallong a mimute per foot
of drawdown, with an average of about 50 gallons a mimute. The average
pumping 1ift in 1948 was about 270 feet.

MOVEMENT OF GROUND WATER

The movement of ground water is down gradient, perpendicular to the
ground-water contours. The contours show that, prior to agricultural develop-
ment, the movement was generally ‘from east to west, approximately the same
amount of water entering the valley as leaving it. The excessive lowering
of the water levels during the past few years has changed the direction of
flow so that by the end of 1948 water was moving into the area from practical~
ly all directions (see pl. 1).

To determine the amount of ground water moving into and out of the area,
a pumping test was made on:an irrigation well on the south bank of the Arigzona
Canal (well 2601-A). The coefficient of transmissibility, T, was computed by -
the Theis2 ‘recovery method as 112,500 gallong a day for each section of the
aquifer 1 mile wide for each foot per mile of hydraulic gradient. Assuming
the effective thickness of the aquifer to be 1,200 feet, then the average
coefficient of permeability, P, 1s equal to 112,500/1,200 = 9% gallons a day
per square foot. The emounts of underflow entering and leaving the area were
estimated by using the coefficient of transmissibdility, the gradient of the
water table, and various increments of border length, depending on gradient
change (see section, "Underflow from adjacent area", beyond).

RECHARGE TO GROUND WATER

Recharge to the ground-water reservoir of the area is derived from
(1) seepage from irrigation, (2) stream flow, (3) rainfall, and (4) underflow
from adjacent areas.

Seepage from irrigation

Part of the water used for irrigation returns to the ground-water
reservoir., Tests made in the Safford Valleyl/, Arizona, showed that about
25 percent of the water applied to the land was recharged to the ground-water-
reservoir. Becaunse the soil of the Safford Valley is more sandy than that of
Deer Valley, the rate of infiltration probably is less in Deer Valley.
Although no tests were made in Deer Valley, it is believed that prodably
between 15 and 20 percent of the water epplied to the land is returned to the
ground-water ‘resérvoir. Therefore; it is estimated that ‘the- recharge from™ -
irrigation during the year 1948 was between 13,000 and 17,000 acre-feet.

2

Theis, C. V., The relation between the lowering of the plezometric surface
and the rate and duration of discharge of a well using ground water
storage: 4m. Geophys. Union Trans., pp. 519-524, 1935.

3/
Tarner, S. F,, and otherg, Water resources of Safford and Duncan-Virden
Valleys, Ariz. and N. Mex,: U. S. Geol. Survey (mimeographed), p. 30, 194i.



Stream flow

There is little recharge to the ground-water reservoir from stream
flow in the area, as water flows infrequently and only for short periods of
time. There are no available records of the amount of stream flow for
New River, Cave Creek, or Skunk Creek, but it is believed that the amount of
recharge from these sources is small,

Rainfall

Little or no recharge to the ground-water reservoir occurﬁ directly from
precipitation. Tests in the Eloy area of the Santa Cruz Basint/ and in the
Queen Creek area of Pinal County showed that 1little or no recharge occurs
from rainfall on the desert.

- Underflow from adjacent areag

In 1941, prior to extensive agricultural development, the emount of
ground water entering the valley as underflow was epproximately equal to the
amount of water leaving it. It is estimated from the 194l contours that this
amount was about 2,500 acre-feet. 4s a result of the subsequent rapid decline
of the water levels in the valley, a large cone of depression has developed,
and ground water is moving into the valley from practically all directions.

It is estimated that in 1948 about 6,000 acre-feet of water entered the
valley as underflow.

By 1941 contimed seepage had built up a ground-water ridge under the
Arigona Canal., Numerous wells were drilled along the south side of the canal
and pumping from these wells had lowered the south side of the ridge, leaving
a remnant north of and parallel to the canal, as shown by the contours for
1941, These contours also show that at that time there was ground-water
movement from Deer Valley into the Salt River Project area. The amount of
this underflow was estimated to be about 2,300 acre-feet. The ground-water
contours for 19U8 show that there is still a ground-water ridge but that
it has been lowered and moved to the south by the heavy pumping in Deer
Valley. Also, the direction of underflow has been reversed and water is now. .
moving into Deer Valley (see pl. 1). The amount of ground water moving into-
Deer Valley from the Salt River Project area in 1948 was eéstimated to dé ~ "

about 2,000 acre-feet,

Underflow from the drainage areas of New River and Skunk Creek and from
Paradise Valley accounts for most of the remaining ground water moving into
the area. This was estimated to be about 4,000 acre-feet during the year

1948,
There is practically no underflow from Cave Creek into Deer Valley.ﬁl

as stated in the following excerpt from a report on Paradise .Valley: . . . .

"The foundation of Cave Creck Dam prodably rests upon

impermeable bedrock and any underflow of Cave Creek at this place
presumabdly would be forced to the surface. Inssmuch as no under-
flow has been observed % is probable that the underfiowr of Czve
Creek follows some a:3;ent channel to the east of the dam. Further-
more, at the places 1here Cave Creek flows west through the Paoenix
Mountains, 24 miles south of the dam, impermeable schist liss very

- Turner, S, F., and others, Ground-water resources of the Santa Cruz dbasin,
4riz.: U. S. Geol. Survey (mimeographed), pp. 53-61, 19u3.

McDonald, H, R., Wolcott, H. N., and Bluhm, F, I,, Ground-water resources
. of Paradise Valley, Maricopa County, Ariz.: U. S. Geol. Survey
(mimeographed), p. 10, 1947,



near the surface, and this rock constricts the stream passage
to an opening not more than 100 yards in width. This bdarrier
should bring any remaining underflow of Cave Creek to the
surface, but no surface flow appears at this place."

DISCHARGE OF GROUND WATER

Ground water is discharged from the area by pumping for irrigation and
by natural means, Natural discharge is practically all by underflow out of
_the area, ‘and very little, if any, ocours through transpiration. ‘

Pumpage

All irrigation vater for Deer Velley is furnished by wells. The diacharge
from wells ranges fram 600 to 3,500 gallons a minute and averages about 1,700
gallons a mimite., Pumping lifts ranged from about 200 to about 340 feet and
averaged about 270 feet for the fall of 1948, - S
© ° The smount of water pumped for irrigation for the years 19W1-48 1s ghown
in figure 1. The total for the 9-year pariod 19U0-48, including 600 acre-feet
in 1940, was about 266,000 acre~feet. The total amount of water pumped was
computed as follows: Well discharges were measured by weir, current meter,
trajectory method, or Pitot tube. The kilowatt~hour demand for each pump was
meagsured, The average power required to 1ift 1 acre-foot of water 1 foot was
computed to be 1,80 kilowatt hours, This figure, the average pumping 1if¢
each year, and the total power consumption were used to determine the amounts
of water pumped. The pumpage of the one Diesel-powered pump was estimated on
the basis of emount of land irrigated.

Natural discharge

In the epring of 1941, before any appreciable amount of pumping had been
done, it was estimated that an average of 2,500 acre-feet of water flowed out
of the area each year. In 1948, after geveral years of heavy pumping, it was
_estimated. that only MO0 acrerfeet of water flowed out of the area. This out- .
flow occurred along the west gide, = ) ‘ _
~ Theamigun TR ter‘dincharéed by transpiration through vegetatior
+ owing to the:epth to water. |

"FLUCTUATIONS OF THE WATER TABLE

Vater levels in the valley have been ¥eclining contimuously since 1941,
The average decline for the 8-year period 1911-U8 was about 70 feet, with more
than 20 feet of this occurring during the last year, This deocline was caused
by pumping water for irrigation., Figure 1 ehows the relation between pumpage
and average depth to water for the 8-year period. The curve shows a smooth
downward trend of the water table. Measurements made during the last several
years indicate a slight rigse in water level after the end of each irrigation
season when most of the pumps were shut off, but in no case did the water
levels regain the level of the previous year.

Plate 2 shows the decline in water levels in Deer Valley for the period
1941-48. The greatest lowering was 100 feet, which occurred in a small area
about 2 miles north of the Arigzona Canal along the Black Canyon Highway.
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SPECIFIC YIELD OF THE AQUIFER

The water-yielding capacity of a rock or soil when expressed in percentg
age of the total volume of the reock or soil may he called its specific yield../ .
An aporoximate calculation of the specific yield of the unwatered materials in
Deer Valley was made in the present study. Changes in depth to water for the
period 19U1-48 were computed for the center of each section of land and the
volume of material unwatered was computed. The total volume of material
unwatered during the 8-year period was computed to be 2,160,000 acre-feet.

The net contribution to the ground-water reservoir of the area, as underflowe-
total inflow, increasing from 2,500 to 6,000 acre~feet per year, mimis total
outflow, decreasing from 2,500 to LOO acre-feet--was estimated as 22,000 acre-
feot during the same period. As the percentage of recharge to the ground-
water reservoir from irrigation was not known, estimated maximum and minimum
rates of recharge were used. The specific yleld of the material was computed
on the bastie of the following equation:

Y =Q-B8 -§ x100
8 -
v
Y

g = epecific yleld, in psrcent

Q = water pumped, 1941 through 194§ = 266,000 acre-feet
R4 = recharge from irrigation

R, = underflow into area less underflow out of area® 22,000 acre-feet

V = volume of material unwatered= 2,160,000 acre-feet
Assuming a maximum recharge from irrigation of 25 percent of 266,000
acre-feot, or 67,000 acre-feet, then!

Y = (266,000 - 67,000 - 22,000) 100
8 2,160,000

Ys = 8.2 percent

Agsuming a minimum recherge from irrigation of, O percent,
then: R

¥_ = (266,000 - 22,000) 100
® T 2,180,000 -

Y, = 11,3 percent

The specific yield is therefore between 8.2 and 11.3 percent. The
recharge from irrigatiqn probably is in the neighdorhood of 15 percent and
the specific yleld would be about 9.4 percent.

QLLITY OF WATER
J. D; Hem

This discussion of the quality of ground water in Deer Valley is hased
on the analyses of samples collected from.U43 wells between October 1945 and
June 1946 and on analyses of samples collected from 16 of the same wells and
two additional wells sampled in 1948, The analyses for 17 wells sempled in
1948 and the analyses for the same wells vhen sampled in 1945 and 1946 are
included in table 3. The other analyses are not tatulated in this report.

. Meinzer, 0. E., Occurrence of ground water in the United States: U, S,
Geol, Survey Water-Supply paper 489, p. 5L, 1923.



In general, ground waters in the northern part of the area are moderate
in dissolved solids, concentrations being as low as 219 rnarts per million.
The principal anion in these waters is bicarbonate. In some of the waters
calcium is the predominant cation, but in others the concentrations of
calcium, magnesium, and sodium are nearly equal. Concentrations increase
noticeably toward the south, and along the Arizona Canal the concentrations
of dissolved solids in ground waters usually fall in the range of 500 to 1,000
parts per million. The increase is mainly in chloride and in calciunm,
magneeium, and godivm. The quantities of nitrate usually were noticeably
greater in the waters of higher mineral content. In general the waters oceure
ring along the Arizona Canal resemble in chemical character the ground waters
of large areas of the Salt River Valley. _ o

Relation of quality of water to use

Most of the ground waters in Deer Valley be rated as excellent to
good for irrigation use, as classified by Vnc:ﬁ/ with respect to dissolved-
solids content and percent sqdium. Some waters near the Arizona Canal are
less satisfactory for irrigation than those occurring elsewhere in the Deer
Valley area tut are aimilar in composition to waters used successfully for
irrigation in many parts of the Salt River Valley. -

The waters in the northem part of the area generally are moderately:
hard but are satisfactory for domestic use with respect to mineral content.
Waters in the southern part of the area are rather highly mineralized and,
because of the excessive hardness, are not entirely satisfactory for domestic
use. None of the samples from the area that were analyzed for fluoride was
found to contain as much as 1 part per million. Concentrations cf more than
L 5parts per million may cause permanent mottling of tooth enarel when-the
water 1s used continmuously by young children. It is probatle that excessive
fluoride concentrations do not occur in waters of Deer Valley. Concentrations
up to about 1 part ver million are believed to inhibit tooth decay.

Relation of quallty of water to source

The 43 available analyses for the samples of ground water collected in
the area in 1945-46 and the 18 available anslyses for 1948 were used to
prepare the quality-ofwwater mep, plate 3. The map shows by means of dashed
isochlor 1ines the probable concentration of chlorida in ground water.of the - -
area in 1945-46, and Yy s0lid isochlor 1ines the probadble concentration 4n

1948, .

A comparison of the analyses of samples taken in 1945 and 1946 with
those of samples collected in 1948 shows that in 12 of the 16 pairs of
samples the chloride concentration increased during the period. This increase
in concentration is shown on plate 3 as a general shift of the isochlor lines
toward the northeast, except locally at the southeast corner of Deer Valley,
where three of the wells showing decreases in the veriod are located. The
apparent increase in chloride content of the ground water in the southern
part of Deer Valley, where most of the samples were collected, may be in part
the result of seepage of excess irrigation water to the ground-water reservolr,
or seepage from the Arigone Canal. However, because the water-table contours
in plate 1 show a general slope of the water table toward Deer Valley from the
Salt River Valley, and because the increases are most notable in the southern
part of Deer Valley, it is likely that most of the increase in chloride is the
result of inflow of ground water tc Deer Valley from the adjacent S=1% River
Valley. Analyses of samples of ground water taken in the part of tke northern

l/Wilcox, L. V., The quality of water for irrigation use: U. S. Dept. agr.
Tech. Bull. 962, p. 26, 1Gi8,
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half of T, 2 N,, R. 3 E. that 1s south of the Arizona Canal show that concen-
tration of chloride in this area ranged from 284 to 506 parts per million in

1946, .

The analysis for well 2664-A shows that water from this well is higher
in chloride than other waters in the vicinity. The well is the deepest
(905 feet) from which a sample was collected, and it appears possible that
the water at this depth may differ somewhat in chemical character from waters
found at shallower depths.

Analyses of a few samples. of ground water in Deer Vq,).].wﬁ/ were made in
1941, These scattered analyses indicate that in 134l the waters containing
60 parts per million, or less, of chloride were generally found such nearer
the Arirona Canal than in 1946, These data muggest that there may have been
some movement of water of high-chloride content into Deer Valley during the
period 1911 to 1946, as well as since 1946, '

CONGLUSIONS

Deer Valley, with an area of approximately 40,000 acres; is an undis-
sected plain lylng on the north edge of Salt River Valley Project north of
the town of Glendale, '

In 1940 approximately 200 acres were under cultivation, supplied with
water from one large irrigation well. By the end of 1948, .80.large irrigation
wells had been installed to irrigate more than 21,000 acres.:

Ground water occurs in discontinuous layers and lenses of the sands and
gravels of the alluvial fill in the valley. Depths to water range from
approximately 150 feet near the Arizona Canal to more than 300 feet in the
northern part of the area. The average pumping 1ift in 1948 was about 270
feet, The average discharge of wells is 1,700 gallons a minmute, and the
average specific capacity is about 50 gallons a minute per foot of drawdown.

In Deer Valley, prior to agricultural development, the movement of ground
water was from the east to the west, approximately the same amount of water
entering the valley as leaving it. The excessive lowering of the water levels
during the past few years has changed the direction of flow and now water
moves {nto the i rom practically all directions. e R ,

pith - £411- 18 derived from:four: sourgel
168412} strean flow, (3) ralnfall, and (V) uiderflov's
"In"1948 tho echarge from irrigation was estimated to ‘be
between 13,000 and 17,000 acrs-foct, and the underflow from adjacent areas
vas estimated to be about 6,000 acre-feet. There is little recharge from
stream flow and from rain fuiiing directly on the land. '
Gronnd water is discharged from the area by pumping for irrigation and

by natural meang. The i~tal amount of water pumped for irrigation increased.... ..

from ‘600 ‘adre~feet in 19%0 to 88,000 acre-feet in 1948. Natural-discharge
occurs as underflow, wnich was estimated to be about 2,500 acre-feet in 1941
and 40O cere-feet in 19%8,
Water levels in “he valley have been declining contimicusly since 19ul.
The average decline in water levels for the 8-year period 1941 wag about
70 feet, of which more than 20 feet occurred during the last year. The
specific yleld of the materials unwatered was calculated as about 9.4 percent.
Most of the ground waters in Deer Valley may be rated as excellent to
good for irrigation use. Waters near the Arizona Canal are less satisfactory
than those occurring elsewhere in the area.

g
Babcock, H, M,, and Morrison, R. B,, Ground water in Skunk Creek area,
Maricopa County, Ariz.: U. S. Geol. Survey (confidential report to U. S.
War Dept., 1941).



13

The waters in the northern part of the area are satisfactory for
domestic use, although generally rather hard. The waters in the southern
part of the area are not entirely satisfactory for domestic use, as they are
excessively hard and rather highly mineraliged. '

The ground-water contours and the isochlor lines shown on plates 1 and 3
indicate that there has been a movement of ground water from the Salt R:I.ver
Valley into Deer Valley in the past several years.

The contimied lowering of the water levels in Deer Valley and the data
on pumpage and on recharge and natural discharge show that the safe yield has
been greatly exceeded. ,
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Table 1.-~Records of wells in Deer Valley area, Maricopa County, Arizona ,
(A1l wells are drilled unless othervise noted in "Remarks" columa)

/
}
Altitude D1 ame
Office Date | above |Depth ieter
numder Location Owner Driller com- sea of of
plet-: level iwell well
: od i (feet) (feet)(in.)
T, 4N., R, 3 E.:
| 1897 BUPWE soc. 19 {Ouy J. Stumpff Thompson Bros. 1948 j1,428.1 & 0L 18
1898 - !SEISEINEA sec. 29 !Ray Mamrer A. Stewart 1945 - 35 ° 6
T N R R _ . ;
19214 NEJNE%Wé sec. ner Banches - - 11,363.3! - 2
11925 m&m&w& sec. 6 H D conner Thompson Bros.: 1948 {1,352.7 | 880 : 20
) : V. PSR FLE~
1926  SEIVINEL sec. T __barger Anbrey Lyon | 1946 - 500 ;16
Sis and
1927 sx&sw«kwl} sec, J. W, Mitchell | McNeil 1920 i1,319.9 | 28 | 6
1928 NE%NElm'& sec, 17 Unknown - - - - 116
1929 smlnmm:z- sec. 17 ;Unknown - - - - o
T' 3 N. . R 2 E ........ :
Charles ‘
2551 SELSEISEL sec. 24 | Christopher - - i1,266.3 1176 & 6
b LTS 2 By - w end - . .--:id‘
S Am. Inst. of '
NVINYINVY gec. 8 rﬁ‘or;_,e_iggstfg.irs Anbrey Lyon |19l (1,236.6 | 525 | 20
MENEINL sec. § %. - 194 i1,232.4 | W60 |14
NWiswiswd gec. 26 {S.R.V,W.U.A, - 1944 :1,228.0 | 263 : 6
R
NEINEINEL sec. 1 [H. D. Conmner Bros. 19U i1,3u42.9 616 : 20
2556-A NEINEINEL gec, 1 do. - - 1,344.3 1282 | 6
Thompson
2557 NWANWINE} gec. 1 do. Bros. 1948 :1,342.7 ; €06 | 20

a./Measuring point usually was top of casing, top of pump base, or top of well curb.
_/Q. turbine; C, cylinder; E, electric motor; G, gasoline: W, wind;

Q, diesel; mumber indicates horsepower,

. hand;
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Well records obtained by F. I, Bluhm and H. E, Skibitzke

-

-

L
P

Water level
Depth | Date
Office; below | of Pump | Use emp, Remarks
muber! measur- measure- ! and of OF.
ing point ment power: water
(feet) a/ b/ e/ 3
Nov. 5,
1897 IR 1948 | None N -
. May
1598 2708/ 1945 . C,E D -
Sept. 30,
1924 212.38 19118 None N -
. "Dec. w g -
1925 269,22 1548 200 1 - See log.
1926 | 2hoe/ 126 None | N -
1652/ apr 1O o
1927 196.0 Oct. 20, C,¥ D 79
19‘»8
e Wy T
1928 203.05 1948 None N -
R S
199 217.08 1948 None N -
101.9 . &pr. 1,
2551 el
155.26 | Nov. 5, ! None N -
1247
ep.:;, T'v -
2553 171,32 1948 P - =z I
T g7e/ ig4i ‘ Reported diacharse‘ Tﬁ gal- 3
2554 161.27 Sept.30, T,B P - i- lons*a mimbe whbth & draw-
1948 75 . down'of.21 feet in 19U1.
Sevnt. 30,
; 2555 142,98 10hg C.E D -
e June 22, 1.8 TY¥<charge, 1,270 gallons a
2556 260 1948 150 I - | mimte with drawdown of TO
3 o feot, measured June: 22. 19’4&
; Nov, 17,
56-A 267.78. ... 2948 I None | N -
Dec., 20, T,E Reported discharge, 1.600 gal-
2557 260,89 1948 | 200 I - | lons a mimte with a drawdown
of 60 feet, using 150-hp, -
motor, Feb, 19UY8. Discharge,
2,160 gallons a minute with a
drawdown of 85 feet, using
200-hp. motor, measured
,,,,,, June 22, 19u8,

cf I, irrigation; s, stock;

d/ See table 3 for analysis
e/ Uater level reported.

D, domestic; P, public supply; N, none,
of water from this well.
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Table 1.-Records of wells in Deer Valley area, Maricopa County, Arizena-Contimued

Altitude Di am-
Office Date : above |Depth jeter
number Location Owner Driller com-~ sea of of
plet-; level |well wmell
ed (feet) i(feet){in.)
T, 3¥., R. 2K,
2558 1 gec. 1 B, W, Michael | - - - - 360 ; 6
- SPasEH B.RBEDISON
2559 {NGANRINEL sec. 2 do. and Magon {1948 i1,330,1 | 625 | 20
2560 |VEINE3SEY eec. 2 | John M. Jacobs|Aubrey Lyon 1946 |1,320.7 | ¥6o |20
2561 |NUNWASEY sec. 2 | do. - - jLnsul - 2o
2562 INEINESV} sec. 3 | W. J. Parks - 19% 11,295.3 | 602 | 20
Thompson
‘2563 INENEINWS sec. ¥ {J. L, Quamme Bros. - 11,083.1 {896 |20
2564 | SUASWINWE sec. W | - - - l1,%7.0 |13 | 8
R e s R B
?éSS NEYSELSEL sec. 4 M. O. Best love 1946 ;1,280.4 | 556 | 20
1 toore, Bennett
552466 NEINEINUL sec. § and Owen do. - 11,259.,6 ! 546 ;20
2567 NEINEISE} sec. 5 |E. M. Smith  |Roscoe Moss Cod = 11,2625 | 850 |20
J. S. Francis
2568 NEWWAWY sec. 6 | and I. Moore do. 1948 {1,237.9 1600 i 20
Thompson
2969, NEINESUL sec, 6 ;W. L. Varney Bros. - 11,237.7 74 18
2570 NEINEINEL gec. 7 | H. Nelson Anderson - - 195 6
§2sn m& sec. 7 |B. C. Williams - - i1,228.4 | - -
2572 NEiSE{SEL sec. 7 ;D. B. Fortini - - {1,219 108 | 8




17

Water level
Depth Date
Office! below of

number | measur- [easure-
ing point! ment

ek (fee82/ |
March
2558 160 1941 c,G D 18
. o,
2599 254,98 11948 | None N -

(i ! Pischarge, 1,68 galions a
2560 53.58 19ug 200 I - mimte with a drawdown of Ll
feet, measured Oct. 20, 19u8,

Sept. 3, T.B M echarge, 2,230 gallons a
2561 245 172 200 I - mimte with a draviown of
....... feet, measured Cct. 20, 1948,
Nov. 15,! T,E Diecharge, 1,120 galicas a
2562 229.3 10Ug 200 I - mimte with a drawdown of 35
feet, measured Juns 25, 1948,
Dec, 28,: T,8 Discharge, 2,280 galloiis a
2563 24,50 1948 | 200 I - mimte, measured Sept. 13,
: 1948, See log.
ar. &9,
2564 133.45 19y None N -
Dec, 30, T, B~ Digcharge, 2,520 gallonsd &
2565 217.29 1948 250 I - mimte with a drawdown of 3
: , feet, measured Sept. 13, 1948,
Nov. 4, | T,E Reported discherge, 2,800 gal-
2566 193.13 | 1948 150 b ¢ - lons a mimite vith a drawdown
of 36 feet, &pr. 1042, Dis-
charge, 1,770 2allons a minite, |
- neasured -Cet, 19,1948, "
Nov. 3, | T, Discharge, €,0(0 -gallons a7 "
2567 04,7 1948 200 - mimte, measurecd Sept. 7, 1948,
See log.
Dec, 28,: T,B Reportsd di'scharge, 3.3/0 gal~
2568 169,50 1948 200 I - lons a mimte with a drawdown
of 50 feet, Mar. 1948, Dis-
charge, 3,120 gallons a mimute,
. measured Sept, 9 IQUES 7 Y
Dec., 28’ Q.E
_ 2569 167.09 : 1948 150 I -
Sept. C.E
.20 ... a%6e/ ‘igus i 2 D | 15
Yov. 3, | T,R Piecharge, 1,U00 gallons a
125 I - mimte with a drawdown of 37

feet, measured Szpy. &, 1948,

2571 162.% | 1948

" "Mar. 31,
2512 | 86,14 19l . None N -
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Table 1.-Records of wells in Deer Valley area, Maricopa County, Arizona-Contimued

Al titude biam-
Office Date | above :Depth ieter
munber: Location Ovner Driller com- sea of of
plet-{ level |well well
ed (feet) i(feet){in.)
T, 3N., B 2 B.
2573 NEANWSEL sec. &8 [ E. M. Smith [Roscoe Moss Co. 1946 i1,239.2 | 825 {20
574 NEWEISUL sec. 9 :J. 4 Fain - 1948 i1,257.6 | - -
2575 bB}SUASE} sec. 9 |I. Collimg  B. V. Freelove|1930 !1,258.4 | 254 | 6
;
2576 NEINVANUL sec. 10 M. O, Best  |{aubrey Lyon 1946 i1,280.1 | 586
McElroy and
2577 NEISEL sec. 10 Jaggers - - iL277.1 | - 20
a/
| 2578 NENEISWE sec. 11 do. - - - - 12
McFlroy and
2579 SEISEGSWL sec, 11 | Jaggers - - 1,285,1 | - 120
| 2560 NENEISEY sec. 11 ,John M. Jacobs - 1947 11,3020 | - 20
;2581 NWANUANWE sec, 12 do, jubrey Lyon 194 - 593 |20
2582 NEMWEISW sec. 12 do. do, 194 i1,310.2 | M7 |20
2583 ISEISEINE} sec, 12 |Unknown _ - - 1,8 205 ! 8
: Isabell-Hafther i
2584 WELNELSEL sec. 12 Renches jAubrey Lyon - i1,317.8 i 395 {20
2585 SULSULSEL sec. 12 do. - - i1,303.0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>