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- < QS UPPER UNIT—Gravel, sand, and silt EXPLANATION
< ] ! [M.Y., million years ago]
g ' < ! , ] , ___] 3.3 M.Y. (MEAN OF MULTIPLE SAMPLES)—Gillespie basalt
35 % P Tb BASALT—Basaltic flow rocks. May overlie middle flow overlying second highest of three terraces UNCONSOLIDATED SEDIMENTARY DEPOSITS—Includes
< 1 35 . Q ying 4
. O\{iofb‘mok [ unit S along the Gila River near Gillespie Dam, about upper, middle, and lower units
ri" : QT — 1. 40 miles southwest of Phoenix (8, 9)
{ MIDDLE UNIT—Silt, clay, siltstone, and silty
| S ’
3¢ [_ _i ) sand and gravel. Overlain by the upper unit, 8.12 + 0.64 M.Y.—Basalt, interbedded with gravel and RED UNIT, EXTRUSIVE ROCKS, AND CRYSTALLINE
- / 340 which is shown on sections only QTS conglomerate at Poston Butte, 2 miles northwest of ROCKS
Mr" /L Florence (7)
w |
- D I LOWER UNIT—Lower unit (Ts) consists of two [ 8.87 + 0.26 M.Y.—Basalt, displaced 10 to 20 feet by | | AREAL EXTENT OF LUKE SALT BODY—Top is more
33 | A parts. Younger and upper part (Tsu) is silt, high-angle fault; overlies fine-grained basin-fill b — e than 5,500 feet below land surface at edges,
! .RA}%{\\I clay, mudstone, siltstone, gypsiferous sediments; overlain by Gila River gravel; about may be less than 500 feet below land surface
T SR o ‘ | mudstone, gypsum, and sand and gravel. Older 4 miles east of Florenos (7) near center
< A —_—————— o . .
1‘?\.1 [ i " prumen : and l'ower part (Tsl) is r.nu<'istone, silestene, 10.52 = 0.61 M.Y.—Basalt near top of thick evaporite o————- 1
I PR ~= ‘; ! | 55 gypsiferous and anhydritic mudstone, sand, sequence, in drill hole about 1,030 feet below land : : AREA WHERE DEPTH TO VOLCANIC ROCK OVERLYING
ii56 ‘\\ ! __J FolrRLE e T gravel, conglomerate, halite, gypsum, and TSU - surface in western part of Salt River Valley area, |, J LUKE SALT BODY IS LESS THAN 1,000 FEET—Full
N SEI:‘U:{.IL i : anhydrite. Crops out locally southwest of the Ts 1 mile east of Luke Air Force Base (7) areal extent of deeper volcanic rocks is
EXPLANATION ‘b—-——-f——"-—‘ Hedgepeth Hills and at the east edge of the — k
g 5 168 T 15.8 + 0.34 M.Y.—Trachyte, 9,060 feet below land uninown
0 50 100 MILES study area. oOverlain in most of the study surface in drill hole near Eloy; overlain by
area by the upper part of the lower unit, 740 feet of conglomerate, which is overlain by J—
UNCONSOLIDATED SEDIMENTARY DEPOSITS—Includes ; ; ; 6,000 feet of anhydrite (8) 40 LINE OF ERUAL PERCENT SAND AND CRAVEL IN THE
) ) 0 50 100 KILOMETERS which 1s shown on sections only. Basalt (Tb) : Sak 05 SECEIES LOWER PART OF THE LOWER UNIT—Represents
upper, middle, and lower units is interbedded with the older part of the 15 5 0.35 M.Y B 1t £ & dd average percentage of material th
. . . . . , . + 0. .Y.—Basa rom eastwar ipping ater coarser an
S unit which is shown on sections only. f .
RED UNIT, EXTRUSIVE ROCKS, AND CRYSTALLINE Flgure 1. Location of Study area (Shaded) . " . . Y L basalt-tuff-mudstone terrain west of Lake Pleasant 0.062 millimeter in diameter. Queried where
- Overlain by the middle unit (5) . . .
ROCKS 3 — uncertain. Hachures indicate closed areas

of lower percent sand and gravel. Interval

17.56 + 0.37 M.Y.—Basaltic andesite, overlies fine-
grained beds of red unit on Tempe Butte (5)

RED UNIT AND EXTRUSIVE ROCKS—Red unit (Tr)
consists of breccia, conglomerate, sandstone

WATER-LEVEL CONTOUR—Shows altitude of the
T water level.

20 percent
Dashed where approximate.

' and siltstone, and, in places, mafic to felsic e i G
6 Contour interval 50 feet. Datum is sea ! ! 17QZD];M::11‘0.AVBerl;-’li.eYs.recI:hbyec;lJ.?;;: ash flow on Mount
;o s

DRILL HOLE——Location of selected drill hole
for which cuttings analysis, lithologic

flows and pyroclastic rocks in the upper part.

} [ leval Extrusive rocks (Tv) consist of rhyolitic to
18.01 £ 0.43 M.Y.—Trachyte breccia that overlies
about 900 feet of red conglomerate at Mount McDowell

near Granite Reef Dam (7)

H %
i, i 5 R .
v , 1}}"?“1 \IZ basaltic pyroclastic and flow rocks logs, geologic logs, and (or) borehole-

P

GENERALIZED DIRECTION OF GROUND-WATER FLOW geophysical logs are available

i

CRYSTALLINE ROCKS—Schist, gneiss, granite,
quartzite, and metavolcanic rocks

18.40 £ 0.50 M.Y.—Dacite, top of Picketpost Mountain LINE OF HYDROGEOLOGIC SECTION—Hydrogeologic

near Superior (7)

sections are shown in figure 6 on sheet 2

GEOLQGIC CONTACT 18.70 *+ 0.44 M.Y.—Trachyte boulder in red beds, Mount

McDowell (7)

essessessssssscses CONCEALED FAULT—U, upthrown side; D, downthrown
19.2 £ 0.47 M.Y.—Basalt, lowermost flow near summit

side; queried where uncertain
of Lookout Mountain (7)

——500——

APPROXIMATE DEPTH BELOW LAND SURFACE TO TOP OF
CRYSTALLINE ROCKS—TLocally may be to top of

19.40 % 0.47 M.Y.—Poorly welded pyroclastic rock in
drill hole, sec. 1, T. 2 S., R. 6 E., 7,872 to
7,938 feet below land surface (7)

extrusive rocks

20.60 = 0.62 M.Y.—Dacite, Superstition Mountains (7)

LINE OF EQUAL GRAVITY—Interval 5 milligals

20,7 £ 0.5 M.Y.—Basalt at 1,000 to 1,200 feet below
land surface interbedded with red fine-grained
sediments in drill hole, sec. 24, T. 3 N., R. 2 E.
(11)

22 * 1.2 M.Y.—Basaltic andesite overlying red beds at
about 4,730 feet below land surface in drill hole in
sec. 8, T. 4 N., R. 4 E. (5, 10)

22.65 %= 0.54 M.Y.—Trachyte, overlies red beds, drill
hole in sec. 8, T. 4 N., R. 4 E. (7)

23.0 = 0.5 M.Y.—Mafic volcanic rock overlying Luke
salt body at 820 to 840 feet below land surface in
drill hole, sec. 9, T. 2 N., R. 1 W. (11)

24.4 * 2.6 M.Y.—Andesite porphyry in Pantano
Formation, Davidson Canyon, east of Tucson (3)

26.3 £ 0.8 M.Y.—Andesite porphyry over San Xavier
Conglomerate southwest of Tucson (4)

112°00

)’ CAMELBACK
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CAMELBACK
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27.9 = 2.6 M.Y.,—Tuff from Helmet Fanglomerate,
Sierrita Mountains, southwest of Tucson (2)

28.0 £ 2.6 M.Y.—Andesite porphyry on Sentinel Peak
near Tucson (2)

38.5 + 1.3 M.Y.—Rhyolite at base of Pantano Formation
near Tucson (2)

#he
°30 ——gii0
33°30'—d]

39.4 + 0.9 M.Y.—/Basaltic andesite in drill hole,
sec, 1, T. 2 S., R. 6 E., 8,922 to 8,971 feet below
land surface (7)

®

Ts cAMELBACK SOURCES OF DATA

P?OUNTAIN T
. T.
T. (1) Bikerman and Damon, 1966 1
(2) Damon and Bikerman, 1964 N.
N. (3) Finnell, 1970
2 A A e o ; ; ; x 7 A (4) Percious, 1968
33°30"— . B | ‘ Ewe ' | ; s . o . (5) Scarborough and Wilt, 1979
) - 4 S Ry ; (6) Shafiqullah and others, 1976
(7) Shafiqullah and others, 1980

(8) Lee and Bell, 1975

(9) Euge and others, 1978
(10) Eberly and Stanley, 1978
(11) This report
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Figure 5.--Percent sand and gravel in the lower part of the lower unit,
selected drill holes, and lines of hydrogeologic sections.

1985.

Figure 2.--Altitude of the water level, November 1984 to January

Geology modified from Wilson and others (1957),
Cooley (1973), Cordy and others (1978), Schulten
and others (1979), Shafiqullah and others (1980),
and Reynolds (1985)

E.

Figure 3.--Generalized geology, residual gravity, and depth to the
top of crystalline and extrusive rocks. B A
J
N
GILA ANG, SALT RIVER BASE LINE
R I W Tﬁ\[ 2 3 . s R6E
INTRODUCTION significantly higher in the surrounding mountains. Average Structure (fig. 3). Metamorphic and granitic rocks have been penetrated lower part is more consolidated and more homogeneous in terms during deposition of the upper part of the lower unit and The age of the middle unit is constrained to between 8 and zé
annual rainfall is about 9.5 in. at Lake Pleasant, about 10 mi by wells near the edge of the basin. The rocks form a of clast type and stratigraphy than the upper part. Evaporite resulted in the deposition of fine-grained materials 3.3 m.y. before present on the basis of radiometric age dates 32 CONVERSION FACTORS
The Salt River Valley is a major population and north of Sun City and 11 in. at Cave Creek, which is 10 mi The occurrence and movement of ground water in the study virtually impermeable boundary at the basin margins and deposits in the lower part generally are massive and consist southwest and southeast of the salt body. on volcanic flows in the underlying units and near the top of E
agricultural center of more than 3,000 mi? in central Arizona northeast of the study area (Sellers and others, 1985). Most area are controlled partly by the structure of the crystalline beneath the basin fill. of anhydrite, gypsum, and halite. Gypsum is the only the unit. About 600 ft of sedimentary deposits that contain ] ! .
(fig. 1). The western part of the salt River Valley area of the precipitation occurs during two rainy seasons. During and the sedimentary rocks. The crystalline rocks delineate evaporite found in the upper part and occurs as interbedded Deposits containing more than 80 percent sand and gravel 8 to 9 m.y. old volcanic flows underlie a similar strati- Y z D— R SENHEaS Gt pr.efer to use Internatlona.l Sys.tem (SI) units,
(area of this report) covers about 1,500 mi?. The Phoenix the winter, occasional storm systems move inland from the the areal and vertical extent of the aquifer. Primary Extrusive Rocks layers or is finely disseminated within the sediments. occur in the south half of T. 1 N., R. 3 W., and the north graphic unit near Florence (Laney and Hahn, 1986). Near 5‘ / 13' rather. than the %nch—pound terms used im this report; the
metropolitan area with a population of more than 1.6 million Pacific Ocean and result in rains that generally are hydraulic properties of the aquifer are influenced by the Lateral changes in stratigraphic facies and in thickness of half of T. 1 S., R. 3 W., and become finer to the east and Gillespie Dam on the Gila River a few miles west of the report 2, / /Rv“ SOLIGWIRY SCHISEELEE IaEturs: MRy be uses
in 1985 (Valley National Bank, 1987) is located within the widespread and light to moderate in intensity. During the thickness, areal distribution, and tilting of the sedimentary Extrusive rocks are volcanic rocks that include rhyolitic both parts of the unit are associated with basin structures. west. This area of coarse material coincides with an area of area (fig. 1), 10 basalt samples that range in age from 4.2 to 2
valley. The watersheds of the Salt, Verde, and Agua Fria summer, rain results from moist air masses moving northward units. Faulting and fracturing may form barriers to ground- to basaltic rocks of middle to late Tertiary age and basalt Some of the lateral changes represent discontinuities that high gravity values that delineate a shallow part of the basin 1.3 m.y. and have a mean age of 3.3 m.y. were collected from f_‘,é / /l | Multiply inch-pound unit By To obtain SI unit
Rivers provide the valley with a reliable but limited surface- from the Gulf of Mexico and the west coast of Mexico. Summer water flow or provide avenues of increased permeability. flows of middle Tertiary to Quaternary age (Wilson and others, have been caused by faulting, especially in the lower part. in the Buckeye Valley (fig. 3). Deposits containing more than rocks that overlie rounded quartzite gravel (Lee and Bell, o1 s I "
water supply that must be augmented with ground water even in rains are more localized than winter rains and may vary 1957). Most of the volcanic rocks are of minor hydrologic 60 percent sand and gravel also occur in the Sun City area. 1975; Euge and others, 1978). The presence of this gravel Well(0-a-8)i9cao inch (in.) 25.40 millimeter (mm)
years of plentiful rainfall. Large-scale ground-water greatly in intensity. The average annual pan evaporation The study area is divided into northeast and southwest significance; however, some of the rocks may contain permeable The lower part of the lower unit is moderately to well- This coarse-grained material is associated with alluvial-fan indicates that the Salt and (or) Gila River was a through- R.5 E. foot (ft) 0.3048 meter (m)
withdrawals began in the Salt River Valley in the early part measured a few miles east of the study area in Tempe was regions by a major structure that extends from Wittman in the zones where they are highly vesicular or fractured. cemented mudstone, siltstone, gypsiferous and anhydritic deposits from the Agua Fria River and New River drainages. flowing stream at this early time (Laney and Hahn, 1986) and S N mile (mi) 1.609 kilometer (km)
of the 20th century; between 1915 and 1983, the total 72 in. for 1969-73 (Sellers and Hill, 1974, p. 44). Potential northwest corner of the basin to Papago Buttes in the mudstone, sand, gravel, conglomerate, halite, gypsum, and The unit becomes finer grained south of the major places an upper age limit on the unit. Tl &9 |lgpn )iz square mile 2.590 square kilometer
estimated ground-water pumpage was 81 million acre-ft (U.S. evapotranspiration may equal pan evaporation and therefore may southeast corner. This structure, which probably is a major Volcanic rocks older than middle Miocene age are exposed in anhydrite and includes basalt flows. The lower part is as northwest-trending structure in the basin. I’ lalarjeasjm e (mi?) (km?)
Geological Survey, 1984). Because of the low average annual be about 10 times the average annual rainfall. fault within the crystalline rocks, is defined by steep the Phoenix and Hieroglyphic Mountains (Wilson and others, much as 1,000 ft thick near the basin margins and may be more The middle unit is equivalent, in part, to the middle unit S| @ p20| 21| 22 |23 ]2 acra~-foot 0.001233 cubie hectoemeter
rainfall and high potential evapotranspiration, the principal gravity gradients and the pronounced gravity low that is 1957) and are commonly encountered by wells in the north and than 10,000 ft thick in the graben. The Luke salt body is an Thickness of the upper part of the lower unit is controlled of Laney and Hahn (1986), the middle unit of Cooley (Arteaga il Ml Ml N Bl (acre-ft) (hm?)
éources of ground-water recharge are urban runoff, exce'ss ' The Salt, Gila, and Agua Fria Rivers are the main streams southwest of the structure (fig. 3). nn?rtheast .parts of the stud.y area. Youngt'er basa%t flows of evaporite facies of the lower part. The base of the unit may by basin structure, subsidence, and locally by the Luke salt and others, 1968), the basin fill of Davidson (1961) and 31( 32|33 |34 [35]36 ; : foat per day 0.3048 fleter per day
lrrigazign:hcan:; seepagei and iuiface;‘:':;:r fl<l>WS dur:llq i: tlhe WfiStern f:rt of the salt Riverfzalley area. Most of mldbd1:eL Miocene agle are i;tercalated w1tr; sedlI;entS that contain several hundred feet of sand and gravel or body. The unit is more than 1,000 ft thick in a trough that Cooley and Davidson (1963), the Fort Lowell Formation of (ft/d) (m/d)
ears o igher-than-normal rainfall. i rawals grea e low ow in ese rivers is sewage effluent and irrigation i i i robab are equivalent to e lower unit of basin fill north i i i i : ; ’ . i
Zxceed rec:arge and, in some areas, ground-water levels havz return flow. High flows occur durizg or following perizds of bloTc}}l(es n:;t::;::aflef::nr:csk;(:;la:az:: ::i::t‘;zr?i ;trfouri;t];:i_ if theystudyqarea (fig. 3) (Scarborough and Wilt, 1979). ;:zzll::ne::::e:t ;z:s:ii:: m;nx;g:;.x;i‘erczr:teldo‘:)eaZai::t :nndilsuiiiz ;:::::nn:;:hLz:: ssaolli:tk; Zlong he We‘st side of t}Te pasin Pavidash (1973%) , and, %n parky Hh upper aliuvial Wit of The s s . Eout sguakes. per B CE2B0 meter squared per
; ! ! ; ) ) - ) - , ’ ' ody and the White Tank Mountains. The U.S. Bureau of Reclamation (1977). The well numbers used by the Geological Survey in Arizona day (ft2/d) day (m2/d)
declined as much as 350 ft (Laney and others, 1978; Ross, intense or prolonged rainfall wk.len }arge amounts of water are direction and slightly tilted to the northeast. The Younger mafic volcanic units of late Miocene age have been basalts, and tuffs of middle Miocene age that are exposed in unit is less than 500 ft thick in Buckeye Valley (fig. 8) and are in accordance with the Bureau of Land Management's system qullon peE minuke 0.06309 liter per second
1978) . released from upstrez‘m reservoirs into the normally dry river predominant stratigraphic sequence of each block consists of encountered at depth by well drilling near the center of the the Hieroglyphic Mountains and found in the northern and is absent along the mountain fronts in some areas. Water-level declines in parts of the study area have of land subdivision. The land survey in Arizona is based on (gal/min) . (L/s)
. channel.s. The Sal.t R1vtar enters the st'udy area at Tempe and middle to upper Tertiary volcanic rocks overlying Precambrian basin. Basalts of late Tertiary and Quaternary age are northeastern parts of the basin. i . ) . significantly dewatered the middle unit. The unit has been the Gila and Salt River meridian and base line, which divide 1? i nut 0.2070 liter per second
In the study area, .ground—water declines of moxje than flows. into thelclla' River about 15 mi southwest of downtown schist and granite. Structurally high surfaces of crystalline interbedded with basin sediments in the extreme southwestern The basin v.vas closed and.subsuilng during 'the deposﬂ:l(:m of completely dewatersd in a large ares easkt of the Whits Tank the State into four quadrants. These quadrants are designated gallon per minute . Pt
300 ft have occurred in Deer Valley and from Luke Alr. Force Phoenix. "I’he Gila River enters the study a)_.*ea through the gap rock occur at the southwest edge of each block. Structural part. Much of the lower part of the lower unit probably was the lc?wer un%t on tht.e basis of the 'follow1ng observatl'ons: Mountains and in two smaller areas—one south of Luke Air countereinciowiss by the oapitsl letkers &, B, §, and D, All per fooi.: per meter
Base north to Beardsley. As a result, a large ?lepre551on of between Sierra Estrella and South Mountain and flows to the lows and large basin-fill thicknesses occur at the northeast deposited prior to 10 m.y. ago on the basis of the age of (1) Flne-gralned. basn\—centler dePO.Sl“:S of mudstone, silt, Force Base and one in Deer Valley in secs. 9 and 10, T. 3 N., Tand morth apd sk of £he poist of origin 9s in & guadzant, [(gal/mln)/ft]. . ] [(1/s)/m] .
the water table has developed west of Luke Air Force Base extreme west boundary of the study area about 8 mi west of edge of each block. The most pronounced of these blocks is Sedimentary Rocks drill cuttings from a basalt within a gypsum and anhydrite clay, and evaporites are dominant within the graben structure R. 2 E. (fig. 10). e fEreh snd wesh In © DEsdrseh. Ghsb sogh ) wesk BN o degree Fahrenheit C = 5/9(°F-32) degree Celsius
(fig. 2). Ground-water use has decreased in recent years Buckeye. The Agua Fria River enters the valley from the indicated by a buried northwest-trending structural high near sequence near the top of the unit (Peirce, 1973, 1976; Eaton (fig. 6); (2) structural contours of the base of the upper The first (°F) (°c)

quadrant, and that south and east in D quadrant.
digit of a well number indicates the township, the second the
range, and the third the section in which the well is

because precipitation and surface-water supplies have been Hieroglyphic Mountains, flows south, and joins the Gila River Glendale. Red Unit part of the lower unit coincide closely with gravity contours;

that crystalline rocks are at shallow depths and the thickness

Gravity data and several drillers' logs indicate and others, 1972). The lower part of the unit correlates, at
least in part, with a similarly defined unit in the eastern
part of the Salt River Valley area (Laney and Hahn, 1986), the
lower unit described by Arteaga and others (1968), the
deformed gravel of Davidson (1961) and Cooley and Davidson
(1963), the Tinaja beds (Cooper, 1960; Davidson, 1973), and

some of the middle fine-grained unit and the lower

Upper Unit
and (3) abrupt lateral changes in lithology increase with

depth in the unit.

greater than normal. Increased precipitation also caused several miles south of Avondale. Flow in these three rivers

large quantities of runoff to be released into the normally originates outside the study area. of the basin fill increases to the northeast. The red unit is present mainly in the southeastern part of Sea level: 1In this report "sea level" refers to the National

Geodetic Vertical Datum of 1929 (NGVD of 1929)—A geodetic
datum derived from a general adjustment of the first-order
level nets of both the United States and Canada, formerly
called "Sea Level Datum of 1929."

The upper unit of the basin £ill includes channel, flood- situated. The lowercase letters a, b, c, and d after the

dry Salt and Gila River channels.
1980, streamflow losses of at least 90,000 acre-ft occurred
between Jointhead Dam near the east boundary of the study area
and Gillespie Dam several miles southwest of the west edge of
the study area (Mann and Rhone, 1983).
water declines in a large part of the basin have slowed, and

From February 1978 to June the study area and is not a significant source of water. The

plain, and alluvial-fan deposits that consist largely of section number indicate the well location within the section.
The first letter denotes a particular 160-acre tract, the
second the 40-acre tract, and the third the 10-acre tract.
These letters also are assigned in a counterclockwise
If the
location is known within the 10-acre tract, three lowercase
letters are shown in the well number. In the example shown,
well number (D-4-5)19caa designates the well as being in the
NEiNEi{SWi sec. 19, T. 4 S., R. 5 E.
is within a 1l0-acre tract, consecutive numbers beginning with

The upper part of the lower unit is fully saturated in most
of the basin.

Most of the smaller streams, including the New River, The crystalline rocks in the southwest region consist red unit, described by Cooley in Arteaga and others (1968), gravel, sand, and silt. Most of the unit is unconsolidated:;

Waterman Wash, and Skunk Creek, are dry most of the time and mainly of Tertiary gneiss and granite and Precambrian granite. consists of reddish-colored, well-cemented breccia, Minoy AmCUNLE 9T dSwREering have coourTed Bt however, alluvial-fan deposits near the mountain fronts and

flow only during and after intense or prolonged rains. The In this region, South Mountain, the White Tank Mountains, and conglomerate, sandstone, and siltstone and contains granitic of the White Tank Mountains and to a lesser extent in small the deposits underlying terraces near the major stream courses

areas south of Luke Air Force Base and in Deer Valley. ] K
may be strongly cemented by caliche.

Consequently, ground- Sierra Estrella may lie within separate structural blocks, as and rhyolitic detritus. The size of the particles in the conglomerate unit described by the U.S. Bureau of Reclamation

(1977) .

New River and its main tributary, Skunk Creek, enter the Deposits that contain as direction, beginning in the northeast quarter.

valley from the north and flow into the A{;ua Fria River indicated by steep gravity gradients between the mountains. breccia and conglomerate range from clay to boulders as large

Waterman Wash flows northward into the

much as 80 percent sand and gravel occur near the Salt and

ground-water levels in some areas have risen significantly. Middle Unit

In many areas along the Salt River and northeast of the
confluence of the Salt and Agua Fria Rivers, ground-water
levels rose more than 25 ft between 1978 and 1984 (Reeter and
Remick, 1986).

South Mountain is a northeast-trending arch structure. The as 15 ft in diameter. Bedding generally is poorly defined,
northwest limb of the arch dips basinward at less than 30°,
and the nose plunges beneath basin fill at dips of 10° to 15°
(Reynolds, 1985).

and highly faulted and tilted middle to upper Tertiary rocks

southwest of Glendale. Gila Rivers. The unit was deposited after the development of

Gila River several miles east of Buckeye. and a large part of the unit probably is debris flows. A transition from the red unit to the lower unit of the integrated drainage and a large decrease in rates of basin

Siltstone and sandstone deposits generally are better basin fill and some low-angle faulting of the lower unit is The middle unit of the basin fill includes playa, alluvial-

subsidence and basin deposition. The unit has a maximum Where more than one well

stratified and sorted than the coarse-grained deposits and, in fan, and fluvial deposits of silt, clay, siltstone, and silty

The arch is overlain by a detachment fault indicated by the age and tilting of the lower unit at several

Tilted tuff, mudstone, and basalt dated at
16.6 m.y. occur west of Lake Pleasant (Scarborough and Wilt,

sand and gravel (rigs. 6A~E) Most of the unit is weakly thickness of nearly 400 ft near the confluence of the Salt and
Methods of Investigation places, are interbedded with poorly sorted breccia and locations. . : : Gila Rivers. The middle unit grades upward into the upper i
consolidated, but moderately to well-cemented siltstone occurs g P PP 1 are added as suffixes.

including the red unit. Similar arch structures are not known conglomerate. Locally, mafic to felsic flow rocks and some

unit in the southern part of the basin where both units are
thickest and finest grained. The upper unit thins to 200 ft
or less toward the basin margins (fig. 11) where the contact

locally. Calcium carbonate cement is common. Generally,

Depth to

Purpose and Scope pyroclastic rocks are interbedded with the sedimentary rocks

at the top of the unit.

to exist in the White Tank Mountains or Sierra Estrella. 1979) and are equivalent to the lower unit. Core data from

U.S. Bureau of Reclamation test well (B-03-01)32dda indicate

Available lithologic, geophysical, particle-size, aquifer-

grain size decreases downward in the middle unit.

test, specific-capacity, specific-yield, and water-quality Figure 4.-—Well-numbering system in Arizona.

The purpose of this investigation was to develop a better
understanding of the hydrogeologic framework of the aquifer
This
report describes the lithologic, hydraulic, and water-quality

underlying the western part of the Salt River Valley.

characteristics of the hydrogeologic units that make up the
basin-fill aquifer. The hydrogeology of the eastern part of

the Salt River Valley is described by Laney and Hahn (1986).
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The Basic Data Unit of the

Arizona Department of Water Resources provided a current data
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data were inventoried and compiled to provide a complete data
base. Well drilling was monitored during 1983-85 to obtain
In addition, drill
cuttings from more than 110 wells drilled over the last

drill cuttings in data-deficient areas.

40 years were inspected at the office of the Arizona Bureau of
Geology and Mineral Technology in Tucson. These samples aided
in defining the lithologic character of the basin-fill
deposits. Aquifer tests were done at 23 existing
large-capacity wells from May 1984 to September 1985.

were limited mostly to wells that were perforated in a single

Tests

hydrogeologic unit in order to provide transmissivity,
storage-coefficient, and hydraulic-conductivity data for
individual units.

Water-quality samples were collected at 56 sites during the
summers of 1984 and 1985 to augment the existing data base.

A large structural depression that forms the down-faulted
core of the basin is well defined by an extensive gravity low
in the southwest region (fig. 3). Steep gravity gradients,
which probably represent steep-angle normal faults, bound the
depression on three sides—northeast, west, and south—forming
a graben. The graben is roughly triangular in shape and
includes the area of Luke Air Force Base, the Luke salt body
(Eaton and others, 1972) in the center of the gravity low, and
the east- and west-trending region of low-gravity values from

Tolleson to Phoenix.

The characteristics of the basin-fill aquifer vary between
the northeast and southwest regions. The northeast region
contains basin f£ill that generally is less than 2,000 ft
thick.

bearing unit in the northeast region because the overlying

The lower unit of the basin fill is the main water-

The red unit was deposited prior to high-angle normal
faulting and formation of the late Tertiary sedimentary
Most of the unit has been tilted 20 to 45 degrees by
1986). Age
determinations of volcanic flows within the red unit range
from about 17.5 to 22 m.y. (Laney and Hahn, 1986).
rocks in the upper part of the red unit have been dated at

basins.
earlier structural events (Laney and Hahn,

Volcanic
about 17.5 m.y. near Tempe Butte and about 18 to 18.5 m.y.

About 2,400 ft of red beds in a drill
hole near Higley in the eastern part of the Salt River Valley

near Mount McDowell.

area, about 20 mi southeast of the study area, are younger
than about 19 m.y. Red beds in a drill hole in Paradise
Valley a few miles east of the study area are older than

22 m.y.

that the fine-grained lower unit is tilted 20 to 45 degrees
below a depth of 1,965 ft. 1In well (B-03-01)25bbb, the lower
unit consists of red sediments with calcite and salty water.
Red sediments and gypsum in well (A-01-03)13dbb are tilted
45 degrees and interpreted as red unit; however, the
lithologic description is similar to that of the lower part of
the lower unit. Age dating of drill cuttings from a mafic
volcanic unit within the lower unit at well (B-02-01)09bdd
indicated an age of 23 m.y. The volcanic unit was encountered
at depths of 800 to 850 ft in a moderately fine-grained
sequence of the lower part of the lower unit. The presence of
salty water beneath the volcanic unit and high electrical
resistivities below a depth of 900 ft indicate the presence of

halite, although no halite was recovered in drill cuttings.

Average particle size in the lower part of the lower unit

the base of the middle unit ranges from zero near the
mountains to about 800 ft west of Luke Air Force Base and
south of Glendale. The thickest parts of the unit are in the
central areas of the valley near gravity lows (fig. 10). The
thickness of the middle unit is related to and controlled by
basin structure and subsidence as well as by a structural high
at the Luke salt body.

The distribution of fine-grained sediments in the middle
unit is much less extensive and irregular than in the lower
unit. The unit contains more than 40 percent sand and grével
throughout most of the basin (fig. 9). The fine-grained parts
of the middle unit are localized, and the locations appear to
be highly influenced by the large influx of sediment from the
major drainages. Local fine-grained zones of less than

20 percent sand and gravel are present near Glendale and

with underlying units is abrupt and is likely to be an
erosional surface.

The principal sources of sedimentary material for the upper
unit were the drainages of the Salt, Gila, and Aqua Fria
Rivers. The mountains that border the basin also contributed
sediment to the upper unit. The sediments derived from the
Salt and Gila River drainages contain sand- to boulder-size
clasts of quartzite, granite, and intermediate to mafic
volcanic rocks as well as variable amounts of quartz,
feldspar, gneiss, and schist. Many of the clasts, especially
the quartzite clasts, are well rounded. Sediments derived
from the Aqua Fria River drainage consist mainly of subround

to subangular granitic and volcanic clasts.

Deposits that contain more than 80 percent sand and gravel

Table 1.--Summary of rock units and their hydrogeologic characteristics

[>, greater than; <, less than; mg/L, milligrams per liter]

base of well information. Private consultants who provided Samples were taken only from wells in which the depth and units generally are thin and depths to water are great. Several wells encounter the red unit in the southeastern ranges from less than 20 to more than 80 percent sand and G?odyea.r. The drainage ?oas.ins of the Agua Fri.a, Salt, and osomr in & pentinuoms baod along the Ss1f mnd Sils Rivers from
Arill eutkingsy; gewpbysical legs, and oiber hydrologic dats perforated intervals were known in order to correlate water- cround-sater fiew in the lowey Unlt 1 influenced By PEEE 9 The study aved. est well (Hr0l-03)libh penstmates gravel (fig. 5). Generally, the coarsest grained deposits G.lla Rlve.rs vere the principal sources of sediment for. cne the east to west edge of the study area (fig. 12). Smaller Rock Rock Depositional Sediment Thickness Sa:;:;fd cogﬂiiﬂiii misZ:?fs;_ in wziieniiii Water-qualit
included Kenneth D. Schmidt and Associates; Manera, Inc.; quality characteristics with aquifer lithology. An effort was relatively shallow bedrock and secondary permeabilities. The 599 ft of the red unit that contains gypsum and is tilted occur along the basin margin and become increasingly finer mldd‘le unlt.. lj"resence of gravel and sand from the Salt Rl\./er arenE BE mors Ehal I Percent sand and gravel Z(;cur .northeast unit type sendisions source in feet ness, in in fast | feet squ:;ed in ga)l,lons’ Aquifer chazacbaristics Remarks
Water Resources Associates; and CH?M Hill. Odom Drilling, made to collect samples from wells open to a single zone or southwest region contains the greatest thickness of sediments, about 45°. An explanation of the well-numbering system used toward the center of the basin. Deposits containing more than dra.lnage 1nd1cate's the' deve.lopment of ‘a .through—flow1ng of Erand Avenue bebusen Skunk snd cve Cresis. and lmediatal feet per day per day per minute
Prins Drilling, Layne Western, and many other drillers perforated in narrow zones within a particular unit. and all the basin-fill units are significant water-bearing in this report is given in figure 4. Drilling of several 80 percent sand and gravel occur along the south end of White drainage system during this period of deposition. T i Lt s osi)t,
voluntarily provided drill cuttings. Special thanks are due parts of the aquifer. Ground-water flow is influenced mainly other wells terminated in lesser thicknesses of red Tank Mountains at the west edge of the study area. Similarly, . . . o P K Upper unit Gravel, sand, Open basin Drainage areas 0 to 400 0 to 350 180 to 1,700 120,000 to 1,500 to 5,500 Unconfined Dissolved solids Most permeable unit.
. . . ] ; ) ] . . . . . .. The contact between the upper part of the lower unit and probably is related to gravels deposited by the Agua Fria and silt (through of Salt, Gila, 150,000 from >1,000 mg/L Saturated only in
to Travis Jones of Buckeye Irrigation Company, Jack Conovaloff by the location of fine-grained deposits. Surface-bedrock sediments. Red sediments found in two wells in deeper parts a broad arc of sediments containing more than 80 percent sand the middle umit i N 1 g i abi —— River. Delineations of the actual extent of subsurface Aqua drainages)-- Agua Fria, and near Salt River southern part of
of Roosevelt Irrigation District, and Dick Yancy of Maricopa HYDROGEOLOGY topography is rugged and similar to the topography of the of the basin may be equivalent to the red unit. Red-brown and gravel occur at the base of the Phoenix Mountains in . ) s grada J'.ona ! an. éval able ger:)p y51ca‘ eJ= Fri 1 th 5 . . . 4 channel, flood Verde Rivers; to <4,000 mg/L basin
County Municipal Water Conservation District. Their mountains, but, generally, the bedrock surface on the basin sand and silt and traces of calcite were found at the bottom Tps. 1 and 2 N., R. 3 E. Sediments of the lower part of the ;nd;?at? thz_it the two unifs are s1m1'1ar. The middle unit ‘can o;l:h:iaa‘;i anOZrtiZ?e—::St ththlsDarea.ts :;filcul: k.aeciiuse zﬁi:;ain:an iz;:ismuntain east of Buckeye
cooperation made possible the aquifer tests done during this Crystalline rocks and sedimentary deposits in the western margin slopes toward the basin center at a low angle. of well (B-03-01)25bbb at depths of 760 to 805 ft. At well lower unit contain less than 20 percent coarse materials in fieqi:ii;gz;sizieizsznzll:ylo:ebzfl;nzi ::o;n g::lize:sbj;:olsr;: than 40 perceit coarse Z]:atz:j:alsei‘iscl: sojth:,::tal:f :::
study. part of the Salt River Valley area are divided into six L oene b iA;ZZ—zi)?7bad, ib?utb905§§ zi riddéazd at depths of 1,750 to ZI;ZOZatSi:. gral:;l; i)j}ceeftt::rLa; asraeft cbf ;ever;: Squlatreb n;ilt?s to red brown, slightly highe'r peaistivity on electels lsgs, Phoenix Mountains, in small isolated areas east of the White Middle unit Silt, clay, silt- Closed Basiny Drainege areas 0 to 800 0 to 400 4 to 60 19 to 20,000 350 to 2,200 Unconfined, >10 mg/L nitrates High bedding
units—metamorphic and granitic rocks, extrusive rocks, red In general, e basin fill gently dips toward the basin i is overlain by o iabase. irec uke ody. e sa ody is X . ; X stone, silty playa, alluvial of Salt, Gila leaky near Glendale frequency
Physical Setting gnit, =nd Bhe El)ower, migdle, atid GEpeF ,units of the basin £111 cenker, Gentimal subsidence Suxdng basin-fill deposition has overlain by about 400 ft of anhydritic, gypsiferous, and gre'ater variety of clast types near inflow areas of major :::ak Mountains, and at the extreme west edge of the study sand, and gravel fa:;biil:;;:;é sgu::;j:,raz?d ot qu
(fig. 3). Basalts interbedded with sediments are included resulted in greater thickness in the graben and an increased Fractures and faults in the red unit may yield as much as clastic sediments of the lower part. The clastic sediments draln.ages, qener'al lack of mudston?, and lack.of gypsum or . :: dovishy 1:;1 mou:t:;n
Salt River Valley is a broad alluvial basin within the with the sedimentary units. Metamorphic, granitic, and dip of beds near the graben-bounding faults. The lower part 1,000 gal/min of water to wells in the eastern part of the contain more than 20 percent coarse materials and are gypflfzrou: sed.u;u.ants. b‘Iear Sun .le:y, both ur.uts 'ar«.'a_ coalrse Subsidence of the Salt Ri Vall —and lift drainages ranges
Basin and Range physiographic province of the United States extrusive rocks make up the mountains that border the basin of the lower unit of the basin fill probably is displaced by Salt River Valley area (Laney and Hahn, 1986). Near surrounded by fine-grained sediments (fig. 5). gra;ne;l an‘ a;e ?:hologlca.lli 51tm11ar. i Sl;nll.alj;ty of the area to the northeasi:ve:f fhee;,ai::eliva:r é:ileup—lis
(Fenneman, 1931). The basin is almost completely surrounded and underlie the basin fill. These rocks form virtually faults and may be tilted in much of the basin; however, the Scottsdale, the red unit yields more water to wells than does Z:Si:onmyen]t-:ss dz:in: daepc;cjsr;i;zner ts::rtcjan:itasn. sll:lt:: indinsked by Bhe selables of besrass Levels 5eng ):najor Uylagz;piiztof Sit;r,leclzyivit::::;e Pléxa,fit‘l;lix:ial Lzz:;exzountain 0 to >1,000 | 0 to >1,000 3 to 25 0 to 7,000 400 to 1,700 Uxizzz}f’ined, >i2a:.gé1£e:§§i:tes czﬁin:z :ci’:‘:;:':ddle
by mountains composed primarily of granitic, metamorphic, and impermeable hydrologic boundaries and are the sources of most greatest degree of structural deformation occurs at depth the overlying basin-fill units (Arteaga and others, 1968, .The break between the lower and upper parts of the lower cenfer of the kasin whers the lower snd middie unlts ase Eins streams and a comparison of the thickness of the upper unit in gypsiéemus mud-, and,evaporit; sonfined Disseived ’ main water-bearing
volcanic rocks and minor amounts of consolidated sedimentary of the sedimentary deposits that fill the basin. The red unit within the graben. The upper part of the lower unit may be pP- 23). The red unit is not known to be a significant source unit is gradational in the basin center and is characterized . . . ) . . . . stone, gypsum, solids, <500 mg/L unit in basin.
rocks (fig. 3). The valley floor is underlain by is a discontinuous sedimentary deposit of minor hydrologic slightly displaced by faults, especially near the graben of ground water in the western part of the Salt River Valley by increased heterogeniety upward in geophysical and Zrazne:: thi f:léow1ng ;r;’terla w.ere u'sed.to s‘elect t}?e ::‘:efarletacilevseifvatl;:ys:];iaav;lc::hc;ief:l‘;aiieen:sd?i::ztsaildon:a::e sand, and gravel ;:rgoz';h;:':m l:‘t:::r:i:::ed
unconsolidated to semiconsolidated basin-fill sediments that significance. The basin-fill units contain most of the boundaries. The middle and upper units probably are not area. part'icle—size. logs. ‘The break mway be sbrupt en th.e SARIR C;Zyazo;lter(;t;; (2?W:W;Znericlrezirle"aZ:alinn s;:Zi(sl:iczeiis;/e :: 1986). Three terraces along the Salt River andyother majoxlr
are more than 11,000 ft thick in the central part of the basin ground water in the area. A summary of the hydrogeologic faulted except possibly near the Luke salt body. L onit margins, especlally where the lower part is coarse grained. borehole-electric logs at the same horizon as the textural streams converge downgradient toward the Salt River Valley and
Oppenheimer and Sumner, 1981). The valley floor ranges in characteristics of the units is in table 1. ower Uni . . . . y ; g ;
;lipitude o oo ft, . th)e b S:uthwest toqabOUt Hoveuent of the Buke salt bedy during brein-Slil gepesikien The upper part of the Lower unit is weukiy &6 edsrataly change; . (3) a dec?,rease in bedding frequency, 1nd1cajced by ar:a Purl:;e;l by c?;possltli ;n thevupipier p-arihOf thle uppe'r unnf: Li:zrp:::tof M:i:::ne, siil;;r— Pt:za'fit\l/‘il:]i,al L:::lex:ountain <i,lgogogo <iigogogo 6 to 14 15,000 to (?) 200 to 2,100 Lizgmed >§nm}gh/li.k:hexoride Moizl;zc?:erab]e_:_
2,000 ft in the northwest. The present-day Basin and Range physiography was formed as has affected the structure of the basin-fill units. A The lower unit of basin fill overlies or is in fault cemented and consists of silt, clay, mudstone, siltstone, geoPhySl_cal legsi {4) the presence. X SUDESN X SYRELISTENA (Pet: A).' eh 2 thlver rau ez 1lsn ihznszlseagntiox;iia ous ax’ldsghydrinic and'evaporitic ¢ ' ' Valley. yMay be :)ost part zgp\mit.
a result of a period of high-angle block faulting that structural high within the lower unit near the salt body contact with the red unit and older crystalline rocks and gypsiferous mudstone, gypsum, sand, and gravel. The upper :udstone, and (5) a downward change in color from brown to red :iO:er edr:ain];lzeosnae:cee::s lzoupfpf innil:hia::konegss (Coole 1657 ::i:z?n:a::d silt- 225211521223 :zzt.xrlx: x:assive
The western part of the Salt River Valley area is bounded occurred mostly between 15 and 8 million years (m.y.) ago indicates vertical displacement of several hundred feet in underlies the middle and upper units (fig. 6). The lower unit part is an extensive fine-grained deposit that contains rown- pl. 1). g v ! g:avei, and'cm:\— body 1nc§udin: Luke
on the south by the Buckeye Hills, South Mountain, and Sierra (Shafiqullah and others, 1980). The red unit predates the that unit. Upward salt movement probably was accompanied by consists of playa, alluvial-fan, fluvial, and evaporite interbedded sand and gravel. 1In places, the unit abuts or Near the margin of the basin, the middle unit contains more 2!11:;;:: ::;n.e. salt body
Estrella, which reach an altitude of 4,500 ft above sea level. period of high-angle block faulting. The lower unit of basin subsidence at the margins of the salt body, as indicated by a deposits. The unit generally is fine grained with coarse- overlies crystalline rocks at the basin margins. si1t and cley than the Towsr unit, =nd the contsct was plassd interbadded
The White Tank Mountains at the west boundary have a maximum fill contains an older part that was deposited during faulting thickening of younger basin-fill units around the salt body. grained facies at the basin margins and at depth. The fine- near a marked downward increase in particle size. The color The upper unit is equivalent to the upper alluvium as basalts
altitude of 3,780 ft. The Hieroglyphic Mountains border the and basin subsidence and a younger part that was deposited Faulting of the lower unit of the basin fill near the salt grained deposits may be massive Or.thinly befided and may renge Deposits of the upper part of the lower unit containing changes from shades of light brown in the middle unit to defined by Cooley (Arteaga and others, 1968). The unit may be . ) ) ‘
valley on the north and reach an altitude of 3,370 ft in the during the waning stages of faulting. Little discernable body is likely, but similar faU%tlng of )./oum.;er units is flhrom reddlsh-brO‘.ﬂn and buff Sllt,. Clalf: mudstone, ‘and less than 10 percent sand and gravel occur in a generally grayish brown in the lower unit. Where both units are coarse as old as the 3.3 m.y. basalt flows that overlie rounded Red unit Bzz:::as:gsﬁ::; Pi:fra:;lg‘e’;:ils P:dﬁgz::e >600 >600 | -mmoeo T - | e | T D;I;:z;t;:g E:Z:tes
study area. Smaller mountains and hills lie along the faulting has disturbed the units above the older part of the uncertain. Outcrops of undifferentiated basin fill near the siltstone to grayish-brown and grayish siltstone and fine- arcuate pattern from northwest Phoenix to Tolleson and grained, the contact could be identified in geophysical logs quartzite gravel along the Gila River west of the study area; siltstone, and flows mountains disturbance
northeast and east margins of the valley. The highest and lower unit, although subsidence of the basin continued during salt body contain fractures, but no displacement is obvious. grained sandstone. The coarse-grained deposits are poorly southeast of the White Tank Mountains (fig. 7). This pattern by 5 dosnwerdl duseemes in densiby asd 8 cerrelrtive Aerormas however, most of the unit probably is Quaternary in age. iz;:::?zdis‘:ks
most distinctive of these is Camelback Mountain, which reaches deposition of the middle and upper units. Changes in tectonic sorted sand, gravel, and conglomerate that are grayish brown is somewhat atypical of the particle-size distribution in porosity. :
an altitude of 2,700 ft. activity and size of the drainage area with time have affected Crystalline Rocks or gray. Reddish-brown sand and gravel are found at the base generally found in closed basins where the fine-grained Overdraft of the ground-water system has significantly . .
the rates of sedimentation and distribution of fine-grained of the lower unit in the southeastern part of the basin and deposits are found in the deepest part of the basin. Doming Clast types could be used to distinguish the middle and dewatered the upper unit over large parts of the study area. Ex:zz;:’e R:Z:ﬁt:z ;;ow R e e e Pz::e:;:}l]:i;:;them
The western part of the Salt River Valley area lies in the sediments in the basin fill. Active tectonism resulted in the Crystalline rocks are composed of metamorphic and granitic are associated with detritus of the red unit. Calcium of the Luke salt body apparently has had a major influence on lower units in places. Near Luke Air Force Base, the middle Complete dewatering has occurred to the north and west of Luke pyroclastic rocks margin of basin
northeastern part of the Sonoran desert and has hot summers deposition of fine-grained sediments in the subsiding centers rocks. Metamorphic rocks, which are composed of schist and carbonate may form cement that reduces the porosity of some of distribution of particle size in the upper part of the lower unit contains a larger amount of several types of volcanic Air Force Base (fig. 12), in T. 3 N., Rs. 2, 3, and 4 E., and
and cool winters. The average maximum daily temperature in of closed basins during deposition of the lower unit. During gneiss of Precambrian to middle Tertiary age, make up most of the coarse-grained deposits. unit. Deposits over the salt body contain from 20 to 50 clasts. South of Glendale near the Salt River, rounded in the area between Phoenix and Deer Valley. Saturated Crystalline o S T i B T et T B [ e [NURUCeYR R I Forms impermeable
July is 105° F; the average minimum is 80° F. The average deposition of the middle and upper units, the lack of the surrounding mountains (Wilson and others, 1957; Cordy and percent sand and gravel. These deposits are surrounded on the quartzite gravel and intervals of well-sorted sand occur near thickness along and adjacent to the Salt and Gila Rivers rocks :;:n;;:;vg:::;:ite' :::ri::i:e“eath
maximum and minimum daily temperatures in December are 65° F tectonism and the development of regional drainage resulted in others, 1978; Reynolds, 1985; Schulten and others, 1979). The lower unit is divided into lower and upper parts. Both west, south, and east by a zone of fine-grained materials the top of the middle unit. In most areas, the clasts in the ranges from about 100 to more than 300 ft. rocks
and 39° F, respectively (Sellers and others, 1985). Average coarsening upward in grain size and changes in the areal Granitic rocks of Precambrian to middle Tertiary age crop out parts are generally fine grained but differ in consolidation, containing from 10 to 30 percent sand and gravel. This lower unit are more monolithologic than those in the middle
rainfall on the valley floor is about 7.5 in./yr but may be location of fine-grained deposits. mostly along the north and west margins of the study area homogeneity, types of evaporite deposits, and structure. The pattern suggests that doming of the salt body was occurring unit. IEstimated.
Base from U.S. Geological Survey 1:250,000 5 0 5 10 MILES Geology modified from Wilson and others, 1957;
Mesa, 1954-69 and — T | — — — =) Cooley, 1973; Cordy and others, 1978; Schulten
Phoenix, 1954-69 5 0 5 10 KILOMETERS and others, 1979; Shafiqullah and others, 1980;

= e e Reynolds, 1985
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