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SUBSURFACE GEOLOGY AND THE CHEMICAL
QUALITY OF GROUND WATER IN

BUCKEYE VALLEY, ARIZONA

by

Mohamed S. Ibrahim

ABSTRACT

Buckeye Valley, one of the largest irrigation districts of the

lower Salt River Valley, includes an area of 150 square miles within

Maricopa County. It is about 42 miles southwest of Phoenix and the

Gila River is the main drainage in the area.

The rock units in Buckeye Valley are: (1) Precambrian igneous

and metamorphic rocks, (2) volcanic rocks of Quaternary age, and (3)

sedimentary rocks of Tertiary and Quaternary age divided into surficial

sediments (A), and valley fill (B)0 The valley fill is divided into four

subunits: (1) basal conglomerate rocks, (2) Buckeye silty clayey beds,

(3) alluvial deposits, and (4) alluvial mantle. The sedimentary rocks of

the valley fill are the main aquifers. The ground water occurs under

artesian conditions in the basal conglomerate rocks below the Buckeye

silty clayey beds, and under nonartesian conditions in the alluvial
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deposits0 The artesian aquifer and the water-table aquifer are referred

to as the basal conglomerate aquifer and the Buckeye salty aquifer, re-

spectively.

The Buckeye salty aquifer has a saturated thickness ranging

from 50 to 200 feet in different parts of the valley and wells yield from

100 to 3, 500 gallons per minute. The amount of water in storage in the

Buckeye salty aquifer, assuming 12 percent specific yield, is about

750, 000 acre-feet. The saturated thickness of the basal conglomerate

aquifer is not known. The yield of wells producing water is low, mostly

less than 50 gallons per minute.

The movement of ground water in the Buckeye salty aquifer

is toward the south and southwestern parts of the valley. Water is dis-

charged via underfiow into the Gila River channel in the southwestern

corner of Buckeye Valley. The main sources of recharge are from ir-

rigation water and from floods in washes during the rainy season. For

the period 1952-60 the water-table decline was about 8 feet in most of

the valley, but was 23 feet in the northwestern corner for the same

period of time.

The chemical quality of water from the Buckeye salty aquifer

is poor, ranging from 2, 000 to 6, 000 parts per million of total dis-

solved solids. This water is not adequate for domestic use but is used

mostly for irrigation. The water has a high to very high salinity hazard
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and sodium adsorption ratio. It can be used on salt-tolerant crops only

with adequate drainage and the addition of chemical and organic matter.

The water of the basal conglomerate aquifer has total dis-

solved solids of about 600 ppm0 It is generally suitable for domestic

use. However, it has a fluoride content of 1. 6 ppm. The water from

both the basal conglomerate aquifer and the Buckeye salty aquifer is

classified as sodium chloride water.
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INTRODUCTION

Location and Extent of the Area

The area of investigation covered in this report is approxi-

mately 150 square miles of the western section in the Salt River Valley,

Arizona. Specifically, it includes all of T. 1 N. and T. 1 S., Rs. 3

and 4 W., and the eastern 24 sections of R. 5 W0 (fig. 1).

Geographically it Is referred to as the Buckeye Valley. The

general hydrological and agricultural features make it a part of the

Salt River Valley region of Maricopa and Pinal Counties. Buckeye

Valley is about 42 miles southwest of Phoenix and lies entirely in

Maricopa County. The valley is bounded on the north by the White

Tank Mountains, on the south by the Buckeye Hills, and on the west it

merges with a high dome of basalt flows. The Gila River crosses the

valley in an east-west direction and then bends southward to Gillespie

Dam.

The Southern Pacific Railroad crosses the valley in an east-

west direction. U. S. Highway 80 passes west until it reaches the town

of Buckeye then bends south. A network of blacktop and gravel roads

connects several parts of the valley to the town of Buckeye.
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Historical Development

Buckeye Valley, an agricultural settlement, was established

sometime in the early 1800' s. The main business center is the town

of Buckeye which was Incorporated in 1929. Agriculture is the main

source of income; however, small-scale industry and other business

ventures are expanding. The Buckeye frrigation Company and the

Roosevelt Irrigation District are the main farming enterprises in the

area.

Prior to World War II, most of the land of Buckeye Valley

suitable for agriculture was not under cultivation. However, with the

introduction of cotton and other cash crops, extensive land reclama-

tion for agriculture took place.

The main source of water supply for irrigation is ground water,

but a small proportion of the water supply is directed from the Salt

River canal. The following water-supply data from the Buckeye Irriga-

tion Company (see table 1) indicates the demand for ground water since

the thirties.

Climate

3

The climate of Buckeye Valley is typically arid, characterized

by low precipitation, high summer temperatures, and low humidity

which cause high rates. of evaporation. Most of the



TABLE 1
WATER SUPPLY OF BUCKEYE iRRIGATION COMPANY,

1922- 60

4

1922 115,744

1931 116, 473 Started pumping 3-9-22

1945 77,977 19,690

1950 31,884 72,981

1956 13,972 93,742

1960 16,432 86,324

precipitation is in the summer months of July and August, although some

winters may be quite wet.

Summer days are quite hot, with a temperature usually exceed-

ing 100°F, but the evenings are generally pleasant. Winter days are

pleasant, with a temperature around 65°F. The nights are fairly cool

and sometimes the temperature approaches freezing.

Records of the climatological station in Buckeye have been

published for the period 1893 to 1957 by Sellers (1960). These records

show that the average annual precipitation for the 64-year period is

7. 52 inches. The maximum annual precipitation recorded was 21. 8

inches in the year 1905. The minimum annual precipitation was 1. 4

Year Canal diversion Pumpage
(acre-feet) (acre-feet)



inches in 1956.

Vegetation

The natural vegetation of Buckeye Valley is composed of hardy

desert plants similar to those found in the Sonoran Desert region. These

plants include various kinds of cacti, grasses, shrubs, and bushes.

They are found occupying all the mountain slopes and the unirrigated

sections of the basin. The Gila River flood plain thrives with many

varieties of phreatophytes, including mesquite and cottonwood.

Purpose and Scope

The usefulness of water for municipal purposes, agriculture,

and industry is determined by its chemical quality, The water in the

area of investigation has a mineral content ranging from 3, 500 to 5,000

ppm (parts per million). This high mineral content, consisting mainly

of sulfate and chloride salts, makes the water undesirable for domestic

and municipal use.

Farmers are worried because of salt accumulation on their

farmlands. Actually, the salt hazard in this area has reduced the

productivity of the land. Considering the fact that the salt hazard will

continue to threaten the rest of the area, a practical solution to the

problem must be reached.

The origin of salt in the water has been a subject of speculation
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and a study of it has become a necessity. The purpose of this study is

to investigate the quality of water as related to the subsurface geology

of the basin. An attempt will be made to evaluate the water quality, as

used by municipal supply, agriculture, and industry.

Methods of Investigation

The geological configuration of the area was mapped during the

period July to September 1961 on topographic maps supplied by the U. S.

Geological Survey0 Essentially, the mapping was carried out to estab-

lish the contacts between hard rocks, pediment, and valley fill. All

the hard rocks have been mapped as a single unit, differentiated from

volcanic rocks and the valley fill.

About 300 well logs were examined to map the subsurface

geology of the basin. Much difficulty was encountered in the interpreta-

tion of drillersT terms and selected logs were used to construct the

fence diagram of the basin (p1. 2).

Chemical analyses of water samples were examined in rela-

tion to the depth penetrated by wells, so as to establish a pattern of re-

lationship between the water quality and the subsurface geology of the

basin.

The mineral constituents of the water have been plotted in

several diagrammatic forms to interpret the quality of water and to

permit recommendations about its use.



Previous Work
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No previous attempt has been made to study the geological and

ground-water conditions of the Buckeye Valley area as a separate unit.

Ross (1923), studying the lower Gila region, gave a brief review of the

geological aspects of the area and reported on the future potentialities

of farming this land by use of ground water. The area was studied as

part of the Salt River Project (Halpenny and others, 1952) in a general

report about the ground water of the Gila River basin. A special chap-

ter on the water quality was written in the above mentioned report by

J. D. Hem.

The town of Buckeye, confronted with a poor quality of water

for domestic use, sought the advice of several ground-water consultants.

Most of their reports were fragmentary and dealt mainly with municipal

wells.

Several studies were made on the geology and ground-water

resources of some of the areas adjacent to Buckeye Valley0 N. D.

White (1961) wrote a report about the ground-water conditions in the

Rainbow Valley and Waterman Wash area. D. G. Metzger (1957)

studied the geology and ground-water resources of the Harquahala

Plains area. The U. S. Geological Survey, in cooperation with the

Arizona State Land Department, has issued many annual reports about

the ground-water conditions in Arizona. These reports contained few



comments on the general ground-water conditions in Buckeye Valley.

Source of Data

8

The data used in this study have been furnished largely by the

U. S. Geological Survey office in Phoenix, Their record of well logs

and chemical analyses of water were used in compiling the report.

Other sources that furnished data were the Buckeye Irrigation Compa-

ny and the Roosevelt Irrigation District of Buckeye Valley. Some data

were also collected from individual farmers. Further data on chemical

analyses of water were obtained from the Agricultural Experiment Sta-

tion of the University of Arizona, Tucson.

Well- Numbering System

The well numbers used in the area of investigation follow the

regular system used by the Ground Water Branch of the U. S. Geological

Survey in Arizona, which is based on the Bureau of Land Management' s

system of land subdivision. The land survey in Arizona is based on the

Gila and Salt River baseline and meridian, which divide the State into

four quadrants (fig. 2). These quadrants are designated counterclock-

wise by the capital letters A, B, C, and D. All land north and east of

the intersection of the meridian and baseline is in quadrant A, that north

and west in quadrant B, that south and west in quadrant C, and that south

and east in quadrant D. The first digit of a well number indicates the
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township, the second the range, and the third the section, The lower-

case letters a, b, c, and d after the 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 direction,

beginning in the northeast quarter. If the location is known within a

10-acre tract, three lowercase letters are shown in the well number.

In the example shown (fig. 2), well number (B-2-1)2baa designates the

well as being in the NE-1/4NE-1/4SW-1/4 sec. 2, T. 2 N., R. 1W.

Where more than one well is within a particular tract, the wells are

distinguished by adding consecutive numbers beginning with 1 after the

lowercase letters.

Acknowledgments

The author wishes to express his appreciation to the Govern-

ment of Sudan for selecting him for this study course in geology and to

the Agency for International Development for its invaluable financial

help.

The author is deeply indebted to Dr. John W. Harshbarger,

his major professor and thesis director, who guided and supervised

the preparation of this thesis.

To Dr. John Lance and Mr. John Ferris, the author is sin-

cerely grateful for their constructive criticism and aid in the preparation



11

of this thesis.

The author is also thankful to Mr. P. Eldon Dennis, district

geologist, Ground Water Branch, Tucson, and Mr. William Kam,

geologist, Ground Water Branch, Phoenix, for the physical facilities

needed while working in the thesis area; their encouragement is also

appreciated.

To the Buckeye Irrigation Company and the Roosevelt Irriga-

tion District, the author acknowledges his debt for furnishing him the

necessary information needed in various stages of the thesis develop-

ment.



LANDFORMS AND DRAINAGE

The Buckeye Valley is characteristic of the Sonoran Desert

section of the Basin and Range province, as described by Fenneman

(1931, p. 367-377).

The White Tank Mountains to the north rise abruptly above the

valley floor, having a maximum elevation of 2, 288 feet. The general

trend of the mountains is northwest-southeast. The mountains are

rugged and the rocks are badly sheared. They are dissected by numer-

ous desert washes that drain the slopes to the valley floor and cut deep

into the bedrock. Many outliers of the older granite bills are separated

from the main mountain body by a pediment surface extending a few

miles in places.

To the south are the Buckeye Hills which also trend north-

west-southeast. They are cut by many washes that drain into the Gila

River. The maximum elevation of these bills is about 1, 054 feet in the

Eagle Mountains. Ribbons Butte and Power Butte are outliers of granite

capped by basalt. They have an altitude of 1, 237 and 1, 249 feet, re-

spe.ctively.

The marked absence of alluvial fans from the slopes of the

White Tank Mountains and the Buckeye Hills is attributed to low relief.

12
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The valley floor stretching between the Buckeye Hills and the

White Tank Mountains stands at an elevation between 820 and 920 feet

above sea level. East of R. 5 W., the valley floor remains uniformly

level with a general slope toward the south-southwest. The north part

of the valley has a gradient of about 30 to 40 feet per mile. To the

south, approaching the Gila River, the gradient is reduced to less than

30 feet per mile, and within the Gila River flood plain, the gradient

ranges between 10 to 20 feet per mile in a general southwesterly direc-

tion.

West of R. 5 W. 2 T. 1 N., the topographic expression is ir-

regular with many small washes draining into the Hassayampa River.

Within sees. 6, 7, and 18, T. 1 S., R. 4 W., a high terrace marks

a former level of the Hassayampa River flood plain. West of this,

there is a gradual drop in elevation to the present Hassayampa flood

plain.

West of the Hassayampa River, the land rises into a basalt

dome having a maximum elevation of 1, 172 feet.

The Gila River is the main stream controlling base level for

all the drainage flowing from the mountain slopes bordering Buckeye

Valley. It occurs at an elevation from 860 feet above sea level at the

point of entrance into the valley to 790 feet above sea level at its point

of exit toward Gila Bend. The present flood plain of the river ranges

from 1 to 2 miles in width, with well-defined banks reaching a
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maximum elevation of 20 feet at some localities. The river, generally,

is confined to a very small winding channel within this wide flood plain.

The Gila River is no longer a perennial stream within Buckeye

Valley. Occasionally it flows during thundershowers or when return

water from irrigation is drained into its channel. Its main tributaries

in the area of study are the Waterman Wash to the east and the

Hassayampa River to the west.

Waterman Wash is an intermittent stream that drains most of

the eastern ranges of the Buckeye Hills, and joins the Gila River at the

midpoint of sec. 12, T. 1 S., R. 3 W. The rest of the Buckeye Hills

is drained by small ravines that flow directly north into the Gila channel.

The Hassayampa River, which marks the western boundary of

the Buckeye Valley, flows only during the rainy season. It drains most

of the northwestern corner of the valley. Many of the small ravines ex-

tending from the White Tank Mountains follow a southwesterly direction

and join the Hassayampa River before entering the Gila River channel.

Land reclamation for agriculture has obscured channels of several

washes that drained directly southward from the White Tank Mountains

into the Gila River.



GEOLOGY

General Geology

The rocks exposed in the area of study are shown on the geo-

logic map (p1. 1). They include Precambrian igneous and metamorphic

rocks, volcanic rocks, and sedimentary rocks.

The sedimentary rocks are divided into two main groups. Group

(A) is the surficial sediments and group (B) is the valley fill0 Group

(A) is further subdivided into the following subunits: (Al), terrace grav-

el; (Mi), tributary alluvium; and (Aiii), isolated bodies of conglomerate.

When mapping these various rock types, stress was placed on

their hydrologic features rather than their petrologic properties. Thus,

the igneous and metamorphic rocks are grouped together irrespective

of their grain size and petrologic composition.

In interpreting the subsurface lithology shown on plate 2, the

valley fill sediments (group B) of sedimentary rocks were classified on

the basis of their water-bearing properties and hydrologic character-

istics. Thus, the cemented conglomerate was mapped as basal con-

glomerate Bi, the fine-grained silt and clay facies was mapped as

Buckeye silty clayey beds Bii, the coarse sand and gravel were mapped

as alluvial deposits Biii, and the sandy loamy soil was mapped as
15



alluvial mantle Biv.

Rock Units

Precambrian Igneous and Metamorphic Rocks

Most of the igneous terrane making up the Buckeye Hills and

the White Tank Mountains is considered as Precambrian in age. The

Precambrian rocks include granite, granitic gneiss, and schist.

The dominant rocks in the Buckeye Hills are the granite and

granitic gneiss, but locally schist is common. The granitic rocks in

this area are fine to medium grained, badly sheared, and granulated in

places. Coarse-grained granite with felspar phenocrysts occur in

Robbin Butte, Hydrothermal solutions caused alternation of mica to

chlorite and epidote minerals. Also located within the Buckeye Hills

are lenses of sericite schist of probable sedimentary origin, which has

been prospected for mica content. Quartz veins are present as thick

lentils0

In the White Tank Mountains the dominant rock is gneiss; how-

ever, schist and granite occupy several sections of the mountain ranges.

The granite is medium to coarse grained and is intruded by basic dikes

in several places.

Most of the rocks in the White Tank Mountains and Buckeye

Hills have a black coating known as desert varnish0 The weathering of

16



these various rock masses furnished the pediment cover in the area.

Volcanic Rocks

The volcanic rocks in the Buckeye Valley are limited mainly

to the southwestern corner of the area (p1. 1). They cap the Precam-

brian granite and granitic gneiss of Robbin Butte and Power Butte.

Also they extend across the Gila River, forming a dome with a maxi-

mum elevation of 1, 172 feet above sea level, No volcanic crater was

found in the area of study, as most probably the source of flow is some-

where in the Gila Bend region.

All of the volcanic rocks are basalt. The basalts are mostly

dark and dense; however, vesicular basalt and scoria are common

locally. In Power Butte they exhibit good columnar jointing. The

weathering of the basalt along the joints resulted in a white crust of

caliche, but in some places the basalt disintegrated into calcareous

silt.

There is no definite agreement on the age of the volcanic rocks

in the area of study and adjacent regions. Within the area, the basalt

shows no indication of interbedding with sedimentary rocks. It actually

overlies the sedimentary rocks of Quaternary age, as inferred from

well log (C-1-5)23ccc. This well is located just at the southern tip of

the volcanic dome across the Gila River to the north. Volcanic ash was

reported in it from 6 to 11 feet and it penetrated 467 feet of coarse sand,

17
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gravel, and clay before it ended in decomposed granite. These relations

provide strong evidence to place the volcanic rocks in this area into

Quaternary age.

Sedimentary Rocks

Sedimentary rocks group (B) (valley fill)

The term valley fill as applied here refers to all the consoli-

dated and semiconsolidated sedimentary rocks that occupy the struc-

tural depression forming the basin (p1. 2). Due to lack of outcrops,

these rocks were studied mainly from drillers2 logs. The valley fill

constitutes the main source of ground water in Buckeye Valley.

The valley fill is divided into two main age groups: (1) a

younger valley fill of late Quaternary and Recent age, and (2) an older

valley fill which may be of Tertiary age.

Basal conglomerate (Bi). - - The basal conglomerate (Di) that

forms the bottom subunit of the valley fill is probably of Tertiary age0

It is encountered by wells at different depths, indicating that its upper

surface is not even. The upper surface of the basal conglomerate is

encountered by wells (C-1-3)25bbc and (C-1-3)5abb at depths of 580 feet

and 450 feet, respectively. Well (B-1-4)34daa showed a depth of 580

feet of sediment before reaching the upper surface of the basal con-

glomerate.
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Most probably the basal conglomerate was partially eroded

before the younger sediments were deposited on it. The total thickness

of the basal conglomerate is not known, but it is assumed to be more

than a thousand feet, Well (B-1-4)35aad penetrated 1, 200 feet of basal

conglomeratic material without reaching the basement rock. Well

(C-1-3)5abb went through 1, 240 feet of basal conglomerate without

reaching the basement rock also.

Lithologically, the basal conglomerate is composed of boulders

and pebbly gravel ranging in size from 2 mm to over 8 mm. These

pebbles are made up of subangular to rounded quartz, granite, schist,

feispar, quartzite, and volcanic rock material. Their source could in-

clude the granite and the metamorphic rocks found in the adjacent

mountain ranges, but the volcanic material must have been transported

from some nearby volcanic source. Within the basal conglomerate,

zones of fine silt and clay are reported in several well logs. The

basal conglomerate is cemented by CaCO3, In places, the cementation

is so hard that the drillers term it as "hard tight sand" or "rock" or

"hard formation."

The basal conglomerate probably occupies the entire valley

floor. However, near the Gila River it decreases in thickness and is

completely absent across the river near the Buckeye Hills. All the

wells in this part of the valley encounter a decomposed granite zone at

a depth ranging from 300 to 400 feet, as in the case of wells (C-1-4)-24cbb
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and (C-1-4)27abd (p1. 2). There is no indication that this decomposed

granite is an alluvial fan material; it can be considered as the periphery

of the valley trough toward the basement rocks of the Buckeye Hills.

Buckeye silty clayey beds (Bii). - - The Buckeye silty clayey

beds, referred to in most of the geologic literature as "lake beds," are

a combination of fluvial, flood plain, and lacustrine sediments. The

bulk of the sediments is fine-grained silt and clay, but thin zones of

coarse sand and gravel do occur at several places. The coarse mate-

rial found within the silty clayey beds is mostly decomposed granite

and schist, probably derived from the adjacent mountain ranges. The

silty fine material ranges in color from grayish pink (5YR 7/2) to pink

gray (5YR 8/1) to yellowish gray (5Y 7/2), with reference to the rock-

color chart published by the Geological Society of America (1951).

The Buckeye silty clayey beds unconformably overlie the

basal conglomerate (Bi), and are nearly evenly distributed over the

valley floor north of the Gila River (p1. 2). They are absent south of

the Gila River near the Buckeye Hills.

The silty clayey beds range widely in thickness in different

parts of the valley. The maximum thickness is about 700 feet, as re-

corded in well (C-1-4)6dbc. Thick accumulations of the silty clayey

beds are noted in the central and northern parts of the valley in Re. 4

and 5 W. Wells (B-1-4)32caa and (B-1-3)2bbc showed a thickness of



21

420 and 300 feet for the silty clayey beds, respectively.

The origin and the climatic conditions under which the Buckeye

silty beds were deposited are not clearly known. The Buckeye silty

clayey beds were probably eroded before new sediments were deposited

on them.

Alluvial deposits (Biii). - -The alluvial deposits, which con-

stitute the third subunit of the valley fill, are composed essentially of

sand and gravel which is loosely cemented by calcareous silt in places.

The sand and gravel which make up the alluvial deposits of the valley

fill have a wide range in both lithological composition and grain size0

Lithologically, the gravels are composed mostly of angular to sub-

angular quartz pebbles0 However, volcanic, feispathic, and granitic

gravels are also present. The gravel grain size ranges from 2 mm to

more than 8 mm0 The sand is mostly well-rounded coarse-grained

quartzitic sand, but felspathic, micaceous, and volcanic sands are

represented.

The alluvial material was deposited by the Gila River and the

streams flowing from the adjacent mountain ranges0 The process of

deposition of these streams is controlled by many factors, among which

the gradient and the volume of water in the stream are important. The

volume of water in these streams varies from one season to the other.

Thus, with a large volume of water in its channel, a stream can
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transport coarse material far down the valley floor, but with a small

volume of water the coarse material will be moved only a short distance

from its source. For this reason, sharply contrasted facies of fine-

grained and coarse-grained sediments are expected to interfinger and

grade into one another.

The alluvial deposits have lenticular clayey silty beds which

range in thickness from 2 to less than 10 feet. The occurrence of

evaporite beds of gypsum within the alluvial deposits was taken to sug-

gest that many playas were formed during the deposition. Gypsum

beds measurable in a few feet were reported in various well logs. Well

(C-1-4)7caa penetrated 12 feet of gypsum and well (B-1-4)3lccd 2 feet.

Caliche was reported in various logs at different depths.

The alluvial deposits unconformably overlie the Buckeye silty

clayey beds (Bit). The alluvial deposits are evenly distributed over the

valley floor with a mean thickness of about 200 feet. The alluvial de-

posits thin out toward the northeastern corner of the valley. In this

part of the valley, the thickness ranges from 20 to 60 feet.

The sediments of the alluvial deposits belong to two different

ages (p1. 1). An older alluvium which was deposited by the present

drainage when the whole of the valley floor was its flood plain, and a

younger alluvium which is mainly found along the present Gila River

and the Hassayampa River channels. The younger and older alluvium

have similar hydrologic properties. For this reason, they are mapped



as a single unit in subsurface geology.

Alluvial mantle (Blv). --The alluvial mantle that constitutes the

fourth subunit of the valley fill is essentially all top soil transported by

water or by wind over all the valley surface. It is composed of silty

clay mixed with sand and underlain in many parts of the valley by a

caliche pan. Its thickness ranges from 10 to 20 feet in different parts

of the valley.

The caliche pan reported by drillers is not a real caliche rock

in the petrographic sense of the word. it i actually silt and clay cement-

ed by calcium carbonate.

Surficial sedimentary rocks group (A)

The surficial sedimentary rocks group (A) are subdivided into

terrace gravel (Al), tributary alluvium (Mi), and isolated bodies of

conglomerate (Mu).

Terrace gravel (Al). - -The terrace gravel (Al) of Quaternary

age, located in the northern part of sec. 36 and almost all of sec. 35,

T. 1 S., R. 5 W., was deposited by the Gila River when its channel

was blocked by lava flows in the Power Butte area. Lithologically, it

consists of well-sorted quartz and volcanic pebbles overlying the

granite surface between Power Butte and the Buckeye Hills.

23
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Tributary alluvium (Au), - - The tributary alluvium (AU) includes

all the rock debris that was washed by the small ravines from the moun-

tain slopes to cover the pediment surface. It is lithologically related

to the local basement rocks that make up both the Buckeye Hills and the

White Tank Mountains.

Conglomerate (Aui. - -Isolated bodies of conglomerate (Aiii)

are found overlying the basement rocks. They were deposited by the

Gila River when its channel was at a higher elevation. The conglom-

erate is cemented by a silty calcareous material.

Structure

It is generally accepted that the Basin and Range province

originated by faulting. The faulting continued intermittently throughout

Tertiary time and gave the province its present-day topographic ex-

pression (Nolan, 1946). Few people believe that erosion played a

major role in deepening the valley floor.

Buckeye Valley is no exception to this general statement. No

major structural trends were observed in the present study. This is

probably due to the erosional activity that followed the faulting. How-

ever, from an examination of well logs in the area, it would appear that

the basin of Buckeye Valley is a structural depression that resulted from
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block faulting. The Gila River in Buckeye Valley is most probably fol-

lowing a zone of structural weakness trending northwest.

Wells drilled in the pediment zone south of the Gila River to-

ward the Buckeye Hillssuch as (C-1-4)28aadencountered decom-

posed basement rock at about 300 feet. Other wells drilled about half

a mile north of the riversuch as (C-1-4)9dddpenetrated 600 feet of

alluvium without entering the basal conglomerate (Bi). This may in-

dicate that a downthrow of more than 1, 000 feet took place along an un-

determined fault line in this area.

Geologic History

The early geologic history of the area under investigation is

obscure and little is known about it. However, the Cenozoic geology of

the area can be worked out by reasoning and correlation of events with

work done in adjacent regions.

Lance (1960) believes that the structural movements that

brought about the topography of the Basin and Range province were es-

sentially Miocene in age. The geomorphology of the newly formed

province directed whatever local primitive drainage developed toward

the center of the basin. Erosional activity furnished all of the material

deposited in basins0 The rock material was worked many times before

aggradation processes filled the basins, The material deposited in

these basins, according to Lance, is of Pliocene and Pleistocene age.
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Buckeye Valley is no exception to the above generalizations.

The basal conglomerate (Bi) of Buckeye is probably of Pliocene

age. The origin and the climatic conditions under which the fine facies

of the Buckeye silty clayey beds (Bii) were deposited are not clearly

understood. Ross (1923) believes that they were deposited under stag-

nant-water conditions. He doubts very much if the present Gila River

has anything to do with their deposition. The presence of fine-grained

silty clayey facies of different thicknesses, within the structural depres-

sions that make up the lower Gila region, suggests the similarity of

both conditions and agents that brought about their deposition. The

transitional conditions from coarse-grained to fine-grained sedimenta-

tion must have required large volumes of water that could have been sup-

plies either by a climatic change or a structural tilting which allowed

more water to be diverted into the basins of the lower Gila region. The

present study could not prove either of these possibilities.

Most probably the fine-grained silty clayey beds were deposited

contemporaneously in the structural depressions of the region. It is

possible that each structural depression existed as a semi-independent

unit with a primitive interdrainage connection. The clayey silty beds

could have been deposited under extreme fluvial conditions, better

termed as flooding water conditions, when much water overflowed from

one basin to another. The presence of coarse sand and gravel zones

within the clayey silty beds indicates local stream drainage that entered
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the basins from adjacent mountain ranges.

All physical evidence suggests that the Gila River in recent

times has shifted its course southward until it becomes superimposed

on the basement rocks of the Buckeye Hills (Ross, 1923). At many

points, such as Robbin Butte and Power Butte (p1. 1), the river flows

directly over igneous rocks.

Volcanic activity in the western part of the area dudng Qua-

ternary time caused changes in the river position. Actually the vol-

canic rocks in this area were once a continuous body that blocked the

river channel at its present site. It is assumed that the water level in

the river rose following damming of the channel. Following this event,

the Gila River established an exit to the south between the Buckeye Hills

and Power Butte (p1, 1). During this period, the Gila River deposited

all terrace-gravel material (Al) found at an elevation of 800 to 820 feet

above sea level in secs. 35 and 36, T. 1 S., R. 5 W.

Another factor bearing on the history of the river is the pres-

ence of erosional remnants of conglomerate (Aiii) overlying granitic

rocks in secs. 16, 19, and 20, T. 1 S., R. 3 W. The area adjacent

to these conglomerate zones was carefully examined, and no Indication

was found to suggest that they were deposited by any tributary stream

flowing from the Buckeye Hills. The conglomerate was found at an

elevation of 880 feet above sea level. The present Gila River occurs

at 840 feet above sea level. From the comparison of these two
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elevations, it is inferred that the Gila River in the recent past was sit-

uated at a higher elevation and had probably carried a larger volume

of water than today.

The erosional surface which extends from the mountain fronts

to the valley floor is interpreted as an exhumed pediment surface.



H YDROLOGY

General Geohydrologic Features

The geomorphic setting of the area under study is character-

ized by two parallel mountain ranges separated by a structural basin of

about 110 square miles.. The gradient is steep toward the mountain

slopes but decreases in magnitude toward the valley floor.. The Gila

River, being the major drainage channel in the area, controls all the

minor drainage flowing from Buckeye Hills and the White Tank Moun-

tains.

The general distribution of the various rock units is shown on

the geologic map (p1. 1). The lithological features were described

under the geology section. The water-bearing characteristics of the

various rock units are determined by their lithology, The rock struc-

ture and its geometry of packing has a great influence on porosity and

permeability factors.

Porosity is the property of a rock in having voids. Porosity

is always expressed as a percentage, and is defined by Meinzer (1923)

as the ratio of voids present in the rock to its total volume. In other

words, it is the percentage of available space for water in the total

volume of a rock material..
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Permeability is a term used to indicate the ease of flow of

water through a porous medium. In other words, permeability reflects

the interconnection of the pore spaces in a rock material. Permeability

is defined by Meinzer (1923) as the rate of flow of water in gallons per

day through a cross-sectional area of 1 square foot under a hydraulic

gradient of 1 foot per foot at a temperature of 60°F The permeability

of a rock is affected by cementation, compaction, grain size, and the

geometry of packing of the grains.

High porosity does not necessarily mean high permeability.

Thus, fine-grained sediments, although having a high porosity (about

30 to 80 percent), have very little permeability. This is because of

their great surface area which results in a high molecular attraction

between water molecules and the surface of the fine-grained particles.

The coarse-grained sediments have a porosity of about 10 to 40 per-

cent, but because of their small surface area the molecular attraction

is considerably less when compared to the fine-grained silts and clays.

The interconnection of the pore spaces in the coarse-grained sediments

allows for more free passage of water. Thus, the coarse-grained sedi-

ments are more permeable than the fine-grained sediments.

The coefficient of transmissibility has been introduced by

Theis (1935) to indicate an overall conductivity of passage of water

through the whole thickness of a cross-sectional area of a water-bear-

ing material. It is defined as the rate of flow of water, at the
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prevailing temperature, in gallons per day, through a vertical strip of

the aquifer 1 foot wide extending the full saturated height of the aquifer

under a hydraulic gradient of 100 percent.

The Precambrian igneous and metamorphic rocks of the Buck-

eye Hills and the White Tank Mountains are essentially dense crystal-

line rocks with practically no porosity. They do not contain ground

water in significant quantities, but in their weathered and fractured

zones they are a good source of water supply. Most of the wells drilled

along the southern bank of the Gila River toward Buckeye Hills produce

their water from decomposed granite zones, e. g., wells (C-1-4)24cbb,

(C-.1.-4)27abd, etc. No data are available to indicate the yield of these

wells0

The volcanic rocks exposed in the southwestern part of Buck-

eye Valley do not yield any ground water0 No wells have been drilled

in the volcanic rocks of this area. However, west of Buckeye Valley

within R. 5 W., a. well operated by a windmill draws its water from a

fracture zone of these basaltic rocks0 No data are available to indicate

the yield of this well, but it is probably small.

The sedimentary rocks of Buckeye Valley have been divided

Into two main groups. Group (A) was referred to as surficial sediments.

It consists of terrace gravel (Al), tributary alluvium (Mi), and isolated

bodies of conglomerate (Aiii). All these sediments do not constitute

any significant source of ground-water supply0 Group (B) was referred
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and permeability. The constitute the main source of ground-water

supply within Buckeye Valley. Their water-bearing characteristics

will be discussed under "Ground Water."

Ground Water

32

The main ground-water reservoir in Buckeye Valley is the

valley-fill material deposited in the structural trough between the moun-

tain ranges. The valley fill is divided into the following subunits: basal

conglomerate (Bi), Buckeye silty clayey beds (Bii), alluvial deposits

(Biii), and alluvial mantle (Biv),

Among these subunits, the basal conglomerate (Bi) and the al-

luvial deposits (Biii) make up the main ground-water aquifers in Buck-

eye Valley. The Buckeye silty clayey beds of subunit Biii consist of

fine-grained material which has very high porosity but little perme-

ability. The silty clayey beds, with a porosity of about 80 percent, are

fully saturated with ground water, but due to their low permeability,

they do not contribute appreciably to the ground-water supply.

The alluvial mantle, subunit Biv, lies entirely within the soil-

moisture zones It does not constitute any source of ground-water supply.

The basal conglomerate (Bi) aquifer and the alluvial deposits

(Biii). aquifer will be referred to as the basal conglomerate aquifer and

Buckeye salty aquifer, respectively.



Occurrence of Ground Water

A study of the subsurface lithology (p1. 2) indicates that ground

water occurs under water-table or nonartesian conditions in the Buck-

eye salty aquifer and under artesian conditions in the basal conglomerate

aquifer. The silty clay beds (Bii), are expected to make an impervious

zone which separates the two aquifers and furnishes ideal artesian cover

for the basal conglomerate aquifer.

Water-table conditions

The Buckeye salty aquifer is composed of a heterogeneous

facies which is dominated by coarse sand and gravel. The rock mate-

rial has high porosity and permeability. Its average saturated thickness

is assumed to be about 150 feet in the eastern and southern part of the

valley. However, the thickness decreases to less than 30 feet in the

northwestern corner of the valley, where the area is dominated by

thick accumulations of clay. No pump tests were run in the Buckeye

salty aquifer to determine its transmissibility and storage. According

to the specific capacities of wells (table 2), an estimated transmissibility

of 300, 000 gpd (gallons per day) per foot is assumed for the Buckeye

salty aquifer.

A ground-water table contour map was constructed for water-

level measurements in wells for the spring of 1960. The map shows

33
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that the general gradient of the water table is toward the south- south-

west area of Buckeye Valley. The gradient ranges from 5 feet to a

mile in the northern part of the valley, to about 10 feet to a mile in the

southern part of the valley. The contour spacing indicates a fairly

uniform permeability over the northern area of the valley. However,

the narrow spacing of the contours toward the southern and southwest-

ern area of the valley may be taken to indicate a steep gradient neces-

sary to allow discharge of ground water in the Gila River channel, as

will be discussed later. The geologic setting does not indicate that any

apparent change of facies effects a permeability change in the area of

narrowly spaced contours0

The depth to the water table in the Buckeye Valley is controlled

by the geomorphology of the valley floor. The elevation of the land sur-

face of the valley floor generally decreases toward the Gila River

channel. Thus, the depth to water in the northern part of the valley is

138 feet in well (B-1-4)26bbc. In well (B-1-3)l3ccc, the depth to water

is 153 feet. In the central part of the valley, the depth to water is 79

feet in well (B-1-3)28ccc and 74. 5 feet in well (B-1-4)36add. In the

southern and southwestern section of the valley, the depth to water is

45 feet in well (B-1-3)34ccb and 35 feet in well (C-1-4)2ccc.

The altitude of the water table above sea level in Buckeye

Valley ranges from 850 feet in the northern part, 835 feet in the central

part, and 825 feet in the southern part, to 810 feet in the southwestern
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part of the valley (pL 3).

Water-level fluctuations are not, on the whole, noticeable in

Buckeye Valley. Data of the past 8 years show the greatest rate of

fluctuation in wells located in the northwestern corner of the valley.

The water levels in wells (B-1-3)l3add, (B-1-3)l3ccc, and

(B-1-3)l3dbc dropped 22 feet, 21 feet, and 16 feet, respectively, In

the central part of the valley, the water level in each of wells (B-.1-3)-

27bcc and (B-.1-4)36cbb dropped 9 feet. In the southern part of the

valley the water level dropped only 5. 3 feet in well (C-1-4)2ccc,

whereas the drop was 4 feet in well (C-1-4)2dbb and 7 feet in well

(B-l-3)34dbc.

Artesian conditions

The basal aquifer is a conglomeratic rock, moderately ce-

mented with calcium carbonate, and interbedded with fine silty facies

and sand and gravel. The permeability of the conglomeratic rock is

reduced by cementation and the occurrence of the fine silty facies,

All the wells drawing water from the basal conglomerate

aquifer only are nonflowing. The water rises in these wells, under an

initial artesian head, approximately up to the water table level. The

altitude of the water level in well (C-1-4)9ddd is 800 feet above sea

level, which compares fairly well to the altitude of the water table in

the vicinity. In well (B-1-4)35aad the altitude of the water level is 829



Quantity
Well of water
No. pumped

(gpm)

(B-1-3)

TABLE 2
SPECIFIC CAPACITIES OF WELLS

Specific capacity Tiansmissibility
Drawdown (gpm per foot of 2, 000 CS (gpd

(feet) drawdown) per foot of draw-
down)

feet, while the altitude of the water table in the vicinity of the well is

840 feet. Thus, the water level is 11 feet below the water table.

Wells drawing from both the basal conglomerate aquifer and

the Buckeye salty aquifer show no uniformity in water-level relation-

ship. Well (B-1-4)20cac shows an altitude of 952 feet above sea level

36

34cbc 3,200 25 127 254,000

34ccb - - 117 234,000

34dbb 200 10 10 20,000

35aca - - 127 254,000

(B-1-4)

3,000 31 100 200,00033ada

(C-1-3)

3,250 13.4 241 480,000lbdd

(C-1-5)

2,200 35 63 126,000l3bad

25bbb 1,250 80 16 32,000
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whereas the altitude of the water table in the vicinity of the well is 852

feet. Thus, the water level stands 100 feet above the water table. The

water level in well (B-1-4)3lbcd is 843 feet, which is just the same as

the water-table altitude in the vicinity.

The yield of wells tapping water from the basal conglomerate

artesian aquifer is very small when compared to the yield of wells

tapping water from the Buckeye salty aquifer. Well (C-1-4)9ddd pumps

24 gpm (gallons per minute) per foot of drawdown. Accordingly, the

transmissibility of the aquifer is expected to be about 50, 000 gpd per

foot. This figure is not taken as an accurate representation for the

transmissibility of the aquifer, but it is recorded here to reflect on its

low yield of water. Good quality of water is the main attraction for

drilling wells in the basal conglomerate aquifer.

Movement of Ground Water

The movement of ground water is determined by the rock

permeability and the general configuration of the hydrologic boundaries.

Water moves downgradient under a certain hydraulic head. The rate

of movement may vary from a few feet per year to several feet per day,

depending on the permeability and hydraulic gradient.

Rock permeabilities vary in Buckeye Valley. The coarse sand

and gravel facies of the Buckeye salty aquifer have a higher permeability

than the fine clayey silty beds (Bii) below them. The rate of movement
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of ground water in the Buckeye salty aquifer may be measurable in a

few feet per day, while in the silty clayey facies (Bii) it may be a few

feet a year.

The general distribution of the hydraulic gradient in Buckeye

Valley is shown on plate 3. The flat gradient in the northern part of the

valley indicates a slow rate of ground-water movement. However, ap-

proaching the southern portion of the valley the gradient increases, sug-

gesting a greater rate of flow. The pattern of the water-table contours

toward the southwestern corner of the valley indicates that most of the

ground water flowing out of the Buckeye salty aquifer is discharged in

the Gila River channel.

Recharge

The main sources of recharge to the ground water in Buckeye

Valley are: (1) seepage from canals and irrigated land surface, (2) sur-

face flow in streams and washes, and (3) rainfall.

Seepage from canals and irrigated land surface

Halpenny and others (1952), on the basis of an experiment done

by Bluhm and Wolcott (1949) in the Deer Valley, estimated that about 15

to 20 percent of the water applied to the land for irrigation seeps through

the soil to recharge the ground-water body. This estimate may be rea-

sonable for areas where the water table is not more than 100 feet below
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the land surface, and the soil conditions are favorable to direct seepage.

In Buckeye Valley, the depth to the water table is not uniform

throughout the area. In the northern part, the water table is about 130

feet below the land surface. In the central part, the water table depth

is about 90 feet, and toward the Gila River, the water table is within

40 feet of the land surface.

The soil permeability is impaired by the so-called caliche pan

in the northern part of the valley. In the central and southern parts of

the valley, the caliche pan is not dominant, thus resulting in a better

soil permeability. The northern and central irrigated parts of Buckeye

Valley are dominated by the Roosevelt Irrigation District, whose main

irrigation canal is lined with cement to limit seepage of water. The

southern and the central parts of the irrigated land of the valley are

dominated by the Buckeye Irrigation District, whose main canal is not

lined with cement, thus making water available for seepage.

In the overall aspects of Buckeye Valley, the figure of 15 to 20

percent of direct seepage from irrigation water, as given by Bluhm and

Wolcott (1949), seems to apply more in the central and southern parts

of the valley where the water table is less than 100 feet below the land

surface, and the soil conditions are more favorable for water seepage.

The total amount of surface and ground water used by the Buckeye Ir-

rigation District was about 100, 000 acre-feet for 1960. Eighteen per-

cent of this total amount would be about 1, 800 acre-feet of water seeping
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down through the soil as recharge to the ground-water body from irriga-

tion in the central and southern parts of Buckeye Valley0 An estimated

additional amount of about 900 acre-feet will be allowed for the rest of

the valley which makes the total amount of irrigation water seeping

from the land surface to the ground-water body in Buckeye Valley about

2, 700 acre-feet for the year 1960.

Recharge from streamfiow

No information is available to allow an estimation of recharge

to the ground-water reservoir from stream runoff. The main drainage

in the area is the Gila River which is nonflowing within Buckeye Valley.

The Gila River constitutes a minor source of recharge to the ground-

water reservoir during high-flood periods only.

The Hassayampa River in an intermittent stream which flows

only during the rainy season. From the comparison of the chemical

quality of the ground water in Buckeye Valley, it is inferred that the

Hassayampa River recharges the ground-water reservoir along the

western margin of the valley.

Many of the numerous desert washes that flow out of the White

Tank Mountains during the rainy seasons contribute very little recharge

to the ground-water reservoir0 The bulk of the runoff of these washes

is utilized in wetting the channels and in increasing soil moisture, and

the rest of it is lost by surface evaporation. The parallel configuration
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of the ground-water table contours (p1. 3) to the mountain front indicates

that some water is recharged to the ground-water reservoir from the

numerous washes. However, the amount of recharge may be very

small.

Recharge from rainfall

The average annual amount of rainfall in Buckeye Valley is

7-1/2 inches. White (1961) computed the relationship between rainfall

and evapotranspiration for the Rainbow Valley and Waterman Wash

areas south of Buckeye Valley and showed that, during the months of

December and January, the amount of rainfall available is in excess of

evapotranspiration. Most probably, direct recharge from rainfall takes

place through the fractured and coarse sedimentary material along the

mountain fronts. Within the valley floor, no recharge takes place

through the soil, due to low permeability and the short-time interval

the water stays on the land surface.

Discharge

Ground water is discharged from Buckeye Valley by both pump-

ing wells and natural means0

Discharge by pumping from wells

The amount of water pumped from wells for irrigation in
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Buckeye Valley has increased considerably since 1930. With more

acreage put under cultivation and no available surface water to meet the

water requirements for irrigation, ground-water pumping has steadily

increased. Table 1 shows the rate of use of water by the Buckeye Ir-

rigation Company since 1930, In 1960, the Buckeye Irrigation Company

pumped about 86, 300 acre-feet of water. The Roosevelt Irrigation

District pumped about 4, 400 acre-feet of water from 50 wells. The

total amount of water withdrawn from the ground-water reservoir in

1960 was about 120, 000 acre-feet. Almost all this water was withdrawn

from the Buckeye salty aquifer.

Discharge by natural means

Discharge by natural means includes the following: (1) under-

flow to the Gila River, (2) evaporation from the land surface, and (3)

evapotranspiration by plants.

Underfiow to the Gila River. - -The amount of water discharged

from the ground-water reservoir into the Gila River cannot be accurately

estimated, but the following discussion may indicate the approximate

amount.

From surface flow data taken from U. S. Geological Survey

Water-Supply Paper 1713 for 1960, the discharge of the Gila River at

the Laveen Gaging Station after overflow from Coolidge Dam and Ashurst-
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Hayden Dam is 18, 600 acre-feet. The Santa Cruz River discharge meas-

ured at Laveen was 7, 300 acre-feet. Thus, the total flow of the Gila

River at Laveen is 25, 900 acre-feet of water. The Agua Fria River

adds about 10, 000 acre-feet of water to the river flow, making the grand

total of the Gila River flow about 35, 910 acre-feet. The Buckeye Irriga-

tion District canal diverted about 18, 200 acre-feet of water, leaving

about 17, 000 acre-feet in the river channel. This amount of water is

lost completely between Laveen and Buckeye Valley, either to evapora-

tion and evapotranspiration, or to recharge of the ground-water reser-

voir in and around the river channel. For all practical purposes, the

Gila River is a nonflowing stream in Buckeye Valley.

The measured flow of the Gila River at Gillespie Dam, about

35 miles south of Buckeye Valley, is 31, 450 acre-feet. The Hassayampa

River contributes about 6, 000 acre-feet, making the net flow of the Gila

River about 25, 000 acre-feet at Gillespie Dam. Out of the 25, 000 acre-

feet of water discharged by the Gila River at Gillespie Dam, not less

than 15, 000 acre-feet is discharged from the ground-water reservoir

of Buckeye Valley into the Gila River channel.

The Gila River channel is swampy in the southwestern corner

of Buckeye Valley and is thriving with phreatophytes. This gives a good

indication of discharge of the ground-water reservoir into its channel,

Evaporation and evapotranspiration. - - Evaporation of ground
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water from the land surface is not expected to be of great magnitude in

Buckeye Valley. The water table in the northern part of the valley is

more than 100 feet below the land surface. At the south and southwest-

ern parts of the valley the water table is about 30 feet below the land

surface. Evaporation of ground water is effective only from the ground-

water discharge in the Gila River channel.

Evapotranspiration is very effective in areas where phreato-

phytes are dominant. Phreatophytes are mainly concentrated along the

Gila River channel. Salt cedar and mesquite are the dominant varieties.

Since the water table is about 30 feet below the land surface near the

river channel, the phreatophytes extend their roots down to tap the

ground-water reservoir, and the result is a great amount of evapo-

transpiration.

Storage

The ability of a rock to store water is determined by its

porosity. Not all the water stored in the pore spaces of a saturated

rock is recoverable by pumping. Molecular attraction between water

molecules and the rock surface retains some of the stored water in the

saturated rock against the force of gravity. The concepts of specific

yield and specific retention are introduced to indicate how much water

can be released from a saturated volume of a rock material, or is

retained in it.
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Specific yield is defined as the percentage of water that can be

drained by gravity from a unit volume of a saturated rock material

Specific retention is expressed as the percentage of water retained to

the total volume dewatered.

Halpenny and others (1952) computed the average specific yield

for the Salt River Valley as 12 percent for the first 300 feet of saturated

sediments below the water table0 The estimated 12 percent specific

yield seems to be reasonable for the coarse sand and gravel facies of

the Buckeye salty aquifer, where ground-water occurs under water-

table conditions0

The average saturated thickness of the sediments of the Buck-

eye salty aquifer is taken as 130 feet over an area of 4, 800 acres.

Halpenny estimated 3, 500, 000 acre-feet of water for the first saturated

50 feet for an area of 590, 000 acres. Taking proportions for 130 feet

and an area of 4, 800 acres, it is estimated the water available for

pumping in the Buckeye salty aquifer is 750, 000 acre-feet.

The fine-grained Buckeye silty clayey beds have a large amount

of water in their pore spaces, but their specific yield is very small.

For this reason, little of the water will be available for pumping from

them0 The amount of stored water in the basal conglomerate aquifer

cannot be estimated due to the lack of data. However, the yield of this

aquifer is very small compared to the yield of the Buckeye salty aquifer.

This may be in part due to cementation and in part due to the small



amount of recharge to the aquifer.

Chemical Quality of Water

Chemical Character of Surface Water

The chemical character of stream water varies according to

the amount of flow in the stream channel and the chemical composition

of the bedrock in its drainage area Large volumes of water with an

initial constant salt content cause lower concentration of salts in the

stream water, while a small volume of water results in a significant

salt concentration. The following data for the Gila River taken at

Gillespie Dam show the correlation of salt concentration and the amount

of water present in the stream channel. The main flow of the Gila River

near Gillespie Dam comes from ground-water discharge in its channel,

a little surface-water flow from the Hassayampa River, and some water

from the many small ravines flowing from adjacent mountain ranges.

The following data is taken from U. S. Water-Supply Papers 1465, 1485,

and 1524 (table 3 of this report).

No data are available to show the flow and salt content of the

HassayamPa River water, but according to the University of Arizona

Bull. 225 (1949), its water was classified as satisfactory for domestic

use and irrigation.
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TABLE 3
RELATIONSHIP BETWEEN THE DISCHARGE AND THE CHEMICAL

QUALITY OF WATER OF THE GILA RIVER AT
GILLESPIE DAM

Total dissolved Flow
Year solids (acre-feet)

(ppm)

Chemical Character of Ground Water

In order to obtain reliable knowledge about the chemical char-

acter of ground water in an area, many samples must be collected from

different sites in the area under investigation and analyzed for their

chemical content. Results obtained from the analyses give valid infor-

mation about the chemical quality of ground water for a long interval of

time. This hypothesis is built on the premise that the chemical quality

of ground water, unlike surface water, does not change appreciably in

a short interval of time. However, for more accurate information,

frequent sampling helps to show any fluctuations in the chemical quality

of ground water over a period of time0

The collection of a representative sample of ground water for
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1955 1, 470 122, 500

1956 6,020 20, 910

1957 5, 560 13, 580

1960 3, 100 31, 450



48

chemical analysis is a problem which must be handled carefully. The

best information about the chemical quality of ground water pumped

from an aquifer is obtained from the discharge pipe of a pumped well.

The cone of depression created by the pumped well draws water from

far reaches of the aquifer, so that a sample collected at the discharge

pipe gives the overall picture of the water quality. Samples collected

from an unused well represent only the chemical quality of ground water

standing within the well casing. Such a sample may be contaminated by

chemical reactions between the ground water and the well casing. Pol-

lution from surficial material dropped in the well is also possible.

A well pumping water from more than one aquifer makes the

sampling of ground water for chemical analysis from each aquifer very

difficult, if not impossible. A composite sample is obtained at the dis-

charge pipe of such a pumped well.

One possible way to sample the various aquifers is to con-

struct wells that will produce water from each particular aquifer.

Another way is to use a bailer, especially designed to open and close at

the required depth from which the sample is to be collected, which is

dropped in the well. The various samples of water obtained in the

bailer, one at a time, will indicate the nature of the chemical quality

of the particular ground water. This method is not reliable and does

not give the exact chemical composition of the various waters pumped,

but may, in a general way, give an indication of the overall chemical



quality.

The samples used for the study of the chemical quality of ground

water in Buckeye Valley were collected from the discharge pipes of ir-

rigation wells The analysis of the water samples for salt content was

made at the University of Arizona Agricultural Experiment Station,

Tucson, in 1960.

The main productive aquifer in the Buckeye Valley is the Buck-

eye salty aquifer. Most of the irrigation wells in Buckeye Valley are

drilled to tap water from this aquifer. They range in depth from 175

to 300 feet and are usually terminated after 5 to 10 feet of penetration

into the Buckeye silty clayey beds. The well casing is perforated with

a constant size slot all the way through the aquifer, irrespective of the

effective grain size of sediments standing against the well casing. Ground-

water samples collected for chemical analysis from these wells are

designated as "type A.

The other important aquifer in Buckeye Valley is the basal

conglomerate aquifer, which is below the Buckeye clayey silty beds.

The wells range in depth from 600 to 1, 810 feet and are perforated be-

low the Buckeye silty clayey beds, so as to pump water from the basal

conglomerate aquifer only. Samples collected from such wells are

designated as "type C."

The third type of wells found in Buckeye Valley are those which

draw water from both aquifers. They are perforated above and below
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the Buckeye clayey silty beds. A composite water, designated as 'Ttype

B, is obtained from the discharge pipes of such wells.

Expression of Results

Inorganic salts are usually present as dissociated ions in the

water. The ions are divided into two groups: cationsthe positively

charged ionscalcium, magnesium, sodium, and potassium; and

anions - the negatively charged ions- chloride, sulfate, carbonate, bi -

carbonate, nitrate, and fluoride.

The analyses made at the University of Arizona Agricultural

Experiment Station, report the above-mentioned constituents in parts

by weight of dissolved matter per million parts of water. One part per

million represents 1 milligram in 1 kilogram of solution. Thus, 500

ppm of sodium means 500 milligrams of sodium element in 1 kilogram

of water.

In almost all natural water, the cations are in chemical

equilibrium with the anions. The expression of the results of a chem-

ical analysis in parts per million does not identify the reacting weight

of each ion present in water. For a full understanding of the chemical

quality of water, the parts per million are converted into equivalents

per million by multiplying by the reciprocal of the combining weights.

The reciprocal of the combining weights of ions can be found in any

handbook of chemistry. Equivalents per million means mi1ligram
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equivalent per kilogram." Results expressed in equivalents per million

usually check the exactness of the analysis reported. The analysis is

correct when the total sum of the combining weight of cations is equal

to the total sum of the combining weight of the anions. Most of the

diagrams used in studying the chemical quality of Buckeye Valley water

were plotted in equivalents per million.

The specific electrical conductance of water was reported in

micromhos x at 25°C. Hardness was reported in grains per United

States gallon. The hardness reported as such can be converted into

parts per million by multiplying by 17.2.

Origin of Dissolved Solids
in Ground Water

The different mineral constituents of a rock material are the

ultimate source of most of the dissolved matter in water. Chemical

weathering is the dominant process which brings about rock fragmenta-

tion All reactions involved in chemical weathering take place in a

water medium. During chemical weathering, water dissolves what ever

soluble matter is available in the rocks and transports it in solution.

Meteoric water is essentially pure with little chemical activity.

After rain falls on the land surface, it dissolves mineral matter to its

maximum ability. The geomorphic setting of the Basin and Range

province directs all the drainage toward the lowlands located in the
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centers of the basins. Water containing dissolved solids moves either

as runoff into stream channels, or percolates through the soil to re-

charge the ground-water reservoir, or evaporates from the land sur-

face leaving behind its salt content within the soil, or forms small

saline lakes termed "playas0"

According to Rankama and Sahama (1949), the chemical con-

centration of the water in a playa reaches a certain saturation point,

after which different salts start precipitating with calcium carbonate

first, calcium sulfate as gypsum and anhydrite second, then sodium

chloride, and, finally, under favorable conditions, potassium and

magnesium salts. Many of the evaporite beds found within the valley

fill of Pliocene and Pleistocene age in the Basin and Range province

owe their origin to the above process. Ground water enforced by im-

purities like carbon dioxide may dissolve most of the salts of evaporite

beds, thus making the salt content high.

Base-exchange reactions under favorable conditions tend to

concentrate certain ions in preference to others in ground water, thus

increasing certain ionic concentrations.

The most common constituents of ground water are sodium,

potassium, calcium, magnesium, sulfate, chloride, carbonate, bicar-

bonate, and nitrate ions. However, any ionic concentration is ex-

pected in ground water, depending upon local conditions and physical

environment. Certain concentrations of fluoride and boron ions in
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excessive amounts in ground water are taken by many people to indicate

that the concerned ground water is of magmatic origin. This may or

may not be true, but meteoric water under a certain rock association

can dissolve the above-mentioned ions and concentrate them to a high

magnitude.

Common ion constituents in the ground water of the Buckeye salty aquifer

The general distribution of the various ions in the water of the

Buckeye salty aquifer is influenced by recharge to the aquifer, certain

rock associations, and by the general direction of the movement of the

ground water toward the areas of discharge, The main ions found in

the water of the Buckeye salty aquifer are calcium, magnesium, sodium,

chloride, sulfate, bicarbonate, nitrate, and fluoride.

The bicarbonate ion is broadly distributed in the water of the

Buckeye salty aquifer and makes about 4 to 6 percent of the total anion

concentration. The nitrate ion is found in high concentration in the

water of the Buckeye salty aquifer. The nitrate concentration ranges

from 60 to 100 ppm In different parts of the valley. Such high concen-

tration of nitrate in the water of the Buckeye salty aquifer is believed

to come mainly from recharged irrigation water rich in nitrate dis-

solved from fertilizers applied to the farmlands, This process is ex-

pected to continue to increase the nitrate concentration in the ground

water of the Buckeye salty aquifer.
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The fluoride ion concentration in the water of the Buckeye salty

aquifer is not reported in the analyses used in writing this report. How-

ever, analyses of two wells done in 1949, indicate that the fluoride con-

tent of the water of the Buckeye salty aquifer is between 2. 2 to 2. 6 ppm.

This high concentration of fluoride has been noted in the water of all

the Gila River region. Most probably, fluoride had been recharged to

the ground water of the Buckeye salty aquifer by the Gila River when

it was an influent stream within Buckeye Valley. The hardness of water

of the Buckeye salty aquifer ranges from 100 to 2, 000 ppm.

The general distribution of calcium plus magnesium and sulfate

in the water of the Buckeye salty aquifer is shown in plate 4. The cal-

cium plus magnesium and sulfate show high concentration in water to-

ward the center and southwestern corner of the basin. Low concentra-

tion of the mentioned constituents is noted toward the Hassayampa

River area.

The distribution of sodium and chloride ions is shown in plate

5. The range of concentration of both sodium and chloride is very high

in the water of the Buckeye salty aquifer. However, an area of low

concentration of sodium and chloride ions is noted toward the Hassayampa

River area.



Distribution of the total dissolved solids in the water of the Buckeye
salty aquifer

The total ionic concentration of dissolved solids in parts per

million in the water of the Buckeye salty aquifer is shown in plate 6.

The distribution of total dissolved solids in the water of the Buckeye

salty aquifer is generally high. The lowest recorded total dissolved

solids was 2, 373 ppm in well (C-1-4)7dbb. The highest concentration

was 6, 504 ppm in well (B-1-4)24bcc.

The various ionic distributions discussed before indicate a

high ion concentration in the water of the center of Buckeye Valley.

From the general observations of the sedimentation processes of the

Basin and Range province, the central part of Buckeye Valley might

have been a location of many playas formed sometime during the

Pleistocene. Many evaporite beds, mostly gypsum, formed after the

evaporation of the water of the various playas, were reported in many

logs of wells within the alluvial deposits of the valley fill. As the

ground water included impurities like carbon dioxide, it dissolved some

of the salt content of the evaporite beds, which resulted in a high salt

content in the water of the central part of the valley. Another possible

explanation of the concentrations of the total dissolved solids in the

center of the basin may be due to evapotranspiration, which tends to

concentrate the dissolved solids in the root zones of plants. The water

of the root zone with its high salt concentration moves through the soil
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to recharge the ground water of the Buckeye salty aquifer. The net re-

suit of this process is an increase in the salt content of the ground water

of the Buckeye salty aquifer.

The water of the southwestern corner of Buckeye Valley shows

a high concentration of dissolved solids comparable with the concentra-

tion found in the water of the center of the valley. The water in the

southwestern corner is more or less the same as water of the central

part of the valley, moving toward the area of ground-water discharge

located in the southwestern corner of the valley0 The plunge of the

lines of equal ionic concentration shown in plate 6 indicate the path the

water takes before it is discharged in the Gila River channel. Within

the area adjacent to the Hassayampa River, the salt content of the water

of the Buckeye salty aquifer is reduced considerably. In this area, the

ground water of Buckeye salty aquifer is recharged from the Hassayampa

River which results in dilution of the salt concentration of the water.

The quality of water in this area is expected to fluctuate from one sea-

son to the next, depending on the amount of recharged water received

from the Hassayampa River.

Within the southern part of the valley, toward the Gila River

channel, the water will remain high in dissolved-solid contents. Highly

mineralized water from the center of the valley moves toward this area0

The salt content in water increases in the direction of flows

The northeastern corner of Buckeye Valley shows comparatively
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less concentration of total dissolved solids than the water found in the

central part of the valley0 No definite explanation can be cited here for

the lower concentration, but most probably the ground water in this

area receives recharge from the various washes flowing from the White

Tank Mountains0

Interpretation of the chemical quality of the water of the Buckeye salty
aquifer

Pattern diagrams0 - -The pattern diagrams were designed by

Stiff (1951) to show certain relationships between the chemical quality

of water expressed in the "pattern" and the rock with which it is as-

sociated. The chemical analysis data, reported in parts per million,

are converted into equivalents per million and plotted as shown in figure

3.

The patterns obtained for the water of the Buckeye salty aquifer

are shown in figure 3-A. The patterns show that the water has a fairly

uniform composition over the central and southern parts of the valley.

Patterns obtained for wells (C -1- 5)5aab, (B-1-3)3 Gbbd, (B- 1-3)2 6abb,

and (B-1-3)l9cbb, which are located In different parts of the valley,

are more or less similar in shape. Well (C-1-5)lcdd shows a different

kind of pattern than the above-mentioned wells. This well is located

within the area of recharge from the Hassayampa River to the Buckeye

salty aquifer. Most probably other wells surrounding well (C-1-5)lcdd
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will not show any regular pattern. The shape of their patterns will be

determined by how much recharge their location received from the

Hassayampa River. Well (C-1-4)28aad showed another type of pattern

which does not compare to either well (C-1-5)lcdd or the other group

of wells discussed. This well is drilled in the decomposed granite zone

between the Gila River and the Buckeye Hills. The composition of its

water is influenced by the igneous rock association (p1. 2), and by the

periodic recharge furnished by the many small ravines coming from

the Buckeye Hills.

Piper diagram. - -The piper diagram was designed by Piper

(1953) to show the general chemical character of a water analysis.

Chemical analysis data are usually reported in parts per million. Such

data are converted into equivalents per million for each anion and cation

reported in the analysis. The relative percent concentration of each

cation is calculated from the sum total of all the cations reported in

the analysis. The same procedure is followed for calculating the rela-

tive percent concentration of each anion0

The anions are divided into two groups: (1) weak acids repre-

sented by the total sum of the percent concentration of the carbonate and

bicarbonate ions, and (2) strong acids represented by the total sum of

the percent concentration of the sulfate and chloride ions. The cations

are divided into alkalies represented by the total sum of the percent
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concentration of sodium and potassium ions and alkaline earths repre-

sented by the total sum of the percent concentration of calcium and

magnesium ions0 The data processed are plotted as shown in figure 4.

The area of the diamond-shaped figure of the Piper diagram is

divided into nine subareas, each of which reflects the nature of the

chemical quality of the water analyzed0 The following description of

the chemical character of each subarea is taken from Ground Water

Note No. 12, published by the U.S. Geological Survey (1953).

Figure 4-A, subarea 1: alkaline earths exceed alkalies; sub-

area 2: alkalies exceed alkaline earths. Figure 4-B, subarea 3: weak

acids exceed strong acids; subarea 4: strong acids exceed weak acids

Figure 4-C, subarea 5: carbonate hardness exceeds 50 percent, that

is, the chemical properties of the water are dominated by alkaline

earths and weak acids; subarea 6: noncarbonate hardness exceeds 50

percent; subarea 7: noncarbonate alkali exceeds 50 percent, that is,

the chemical properties are dominated by alkalies and strong acids;

subarea 8: carbonate alkali exceeds 50 percent, here are plotted

waters which are inordinately soft in proportion t their content of dis-

solved solids; subarea 9: no one cation-anion pair exceeds 50 percent.

The Piper diagram shows the chemical character of the water

plotted in terms of absolute concentrations of the various chemical con-

stituents. The relative concentration of individual chemical constituents

Is not accounted for in the diagram. Circles representing the total
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dissolved solids, in parts per million, are drawn to show the concen-

tration in each water analysis plotted.

The data obtained from the chemical analyses of water pumped

from the Buckeye salty aquifer were reused for plotting the Piper dia-

gram, as shown in figure 4-C. Almost 90 percent of the analyses

plotted fall in subarea 2 which showed that alkalies, mainly sodium,

exceeded calcium and magnesium present in the water of the Buckeye

salty aquifer. Furthermore, the analyses plotted also fall in subarea

4, which indicates that the chemical character of the water is dominated

by strong acid radicals of chloride, sulfate, and nitrate. Weak acid

radicals of carbonate and bicarbonate show very small percent concen-

tration in the water of the Buckeye salty aquifer.

The analyses also fall in subarea 7, which is characterized

by noncarbonate alkalies, i e., primary salinity of the water exceeds

50 percent. The overall chemical character of the ground water of the

Buckeye salty aquifer is dominated by alkalies and strong acids0 The

main ions involved in determining the chemical character of this water

are the chloride, sulfate, and nitrate and sodium ions0

Bar diagram0 - - The bar diagram was used to show the relative

concentration of each chemical constituent reported in a chemical anal-

ysis of water. The data reported in parts per million are converted

into equivalents per million and plotted in bars as shown in plate 7.
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Anions are plotted in one bar column against cations.

Plate 7-A shows the relative concentration of the various ions,
in equivalents per million, found in the water of the Buckeye salty

aquifer. Wells (C-l-3)5aab, (C.-1-4)8ccc, (B-l-3)36bbd, (B-l-3)26abb,

(B-l-3)l9cbb, and (B-l-4)36cbb, which are located in different parts of

the valley, show almost the same total ionic concentration in equivalents

per million. Well (C-1-5)lcdd showed less salt content for the same

reasons as discussed earlier. Well (C-l-4)28aad showed a small con-

centration of salt compared to well (C-1-5)lcdd and the other group of

wells located in different parts of the valley for the same reasons men-

tioned before.

The percent bar diagram. - - The percent equivalents per million

bar diagram shown in plate 8 is another type of bar diagram which uses

the percent concentration of each anion and cation relative to the total

number present in a water analysis. After the percent data are plotted

on the bar diagrams, the anion and cation present in largest quantities

show the inorganic salt found in the sample of the water analyzed.

Plate 8-A shows that sodium and chloride ions are by far the

most dominant types of ions present in the water of the Buckeye salty

aquifer. Hence, the water of the Buckeye salty aquifer is classified

as sodium chloride water.



Common constituents in the ground water of the basal conglomerateaquifer

The various ion concentrations in the water of the basal con-

glomerate aquifer are shown by analyses of wells (B-l-4)35aad and

(C-l-4)9ddd in table 4. The range of fluoride is 1. 6 ppm in the water

of the basal conglomerate aquifer. The total hardness ranges between

50 and 70 ppm. The nitrate concentration ranges from 5 to 7 ppm,

which is within the normal range of concentration of nitrate found in

most ground-water reservoirs. Chloride and sodium are the dominant

ions found in the water of the basal conglomerate aquifer. The chloride

concentration ranges from 180 to 260 ppm, while the sodium range is

between 160 and 190 ppm. The bicarbonate ion is broadly distributed

in the water and makes about 12 percent of the total ionic concentration.

Calcium and magnesium show very small concentration. The total dis-

solved solids in the water of the basal conglomerate aquifer range from

500 to 650 ppm.

Interpretation of the chemical quality of the water of the basal conglom-
erate aquifer

The patterns obtained from the plotting of the data of wells

(B-1-4)35aad and (C-1-4)9ddd are shown on figure 3-C. Although these

two wells are far apart in location, their patterns compare very closely

with each other. This observation is taken to suggest that the water of
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- - 368 18,36 34 2.79 1, 124 48,87 - - 1,432 40,38 1, 313 27,33 - - 83 1.36 - - 70 4,426 1, 083 - 5,700 -l9cbB

26abb - - 454 22,65 221 18.17 830 36,08 - - 1,700 47,94 1, 180 24,56 - - 154 2.52 - - 99 4,561 2, 098 - 5,600

36bbd - - 329 16, 14 163 13.4 897 39,00 - - 1, 560 43.99 962 20.02 - - 268 4,39 - - 34 4, 213 - - - -

25bbc - 159 7,93 74 6.08 264 11,50 - - 563 15,90 349 7.27 - - 101 1,66 - 31 1,491 - - -

l3dbc - - 334 16,67 174 14,31 319 13.87 - - 904 25,49 788 16,39 - - 146 2.39 - - 3 2,700 1,548 - 3,900 -

34dbc - - 339 16,91 155 12,75 771 33,52 - 1,400 37,88 936 19.49 - - 229 3.75 - 29 3,859
I

- 6,100 -

29cdd - 285 14.22 176 14.47 824 35,83 - 1, 152 32,49 1,400 29, 12 - - 98 1.61 - - 67 4,008 1,444 - 5,400

(B-1-4)
20cac - - 150 7,48 56 4.58 357 15,5 - - 600 16,92 355 7,38 - - 171 2,80 - - 32 1721 610 - 2,700 -

35aad - 23 1,15 4 .33 191 8,3 -. - 258 7,28 60 1.20 - - 71 1.16 - 5 612 68 - 1,200 -

36cbb - - 463 23.01 185 15.21 1,028 44.69 - 1,493 42,10 1,775 36.95 - 137 2,24 - - 100 5, 163 12770 - - -

34cba 514 25.32 118 9,71 956 41,57 - - 1, 140 32,15 1,975 41,18 - - 112 1.84 - 100 4,921 - - 6,000 -

3lbcd - - 168 8, 38 53 4.36 417 18,13 - 500 14.10 650 13,52 - 146 2,48 - 47 1,985 641 - 2, 700 -

26bbc - - 453 22,6 -. 85 6,99 1,074 46.7 - - 1,700 47,94 1,188 24,73 - 159 2.61 - - 60 4,719 1,487 - 6,400 -

5aab - - 339 16,92 180 14,80 945 41,08 - 1,568 44,62 1, 180 24.57 - - 195 3,20 - 55 4,462 - 7,000 -

8ccc - 297 14,82 106 8,48 1, 010 43.91 - - 1, 404 39, 59 1,090 22,69 - - 268 4.31 - - 50 4, 225 - - 6, 500

28aad - 113 5,64 34 2,79 348 15,13 564 15,90 160 3,33 - 254 4.16 - - - 1,473 - - -

9ddd - 24 1,20 5 .41 150 6,65 - - 180 5,08 97 2,02 - 61 1,00 - - 7 529 - - 1,000 -

lacb - - 230 11,47 128 10,52 837 36,39 - - 1,112 31,35 1,025 21.34 - 249 4,08 - .- 100 3,681 - 5,600 -

(C-i-5)
- 477 25,80 125 10,28 314 13,65 - - 1,160 32,71 587 12,22 - - 122 2,00 - - 59 2,844 4,800lcdd
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the basal conglomerate aquifer may be of a uniform chemical composi-

tion.

The Piper diagram (fig. 4-C) shows that the chemical charac-

ter of the water of the basal conglomerate aquifer is determined by

sodium, chloride, and sulfate ions only. The bar diagram (pL 7-C)

shows the relative concentration of the total dissolved solids found in

the water of the basal conglomerate aquifer. According to the percent

bar diagram (p1. 8-C), the water of the basal conglomerate aquifer is

classified as sodium chloride water.

Interpretation of the chemical quality of the composite water

Selected wells used are (B-1-4)2Ocac, (B-l-4)25bbc, (B-l-4)31-

bcd, and (B-l-4)34cba.

The general chemistry of composite water is determined by the

chemistry of the water of the Buckeye salty aquifer and the water of the

basal conglomerate aquifer, depending on how much each contributes

to the water. The general distribution of the various ions present in

the composite water is shown in table 4.

The patterns obtained for all of the wells plotted (fig. 3-B)

compare fairly well, except for well (B-l-4)34cba. This well was

drilled to a depth of 1, 288 feet and was perforated all the way from 150

to 1, 205 feet. The well is reported to obtain water from both the basal

conglomerate aquifer and the Buckeye salty aquifer. However, its
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pattern is more similar to the patterns shown by wells pumping from

the Buckeye salty aquifer. It is most probable that well (B-1-4)34cba

is producing all its water from the Buckeye salty aquifer and that the

perforations are not functioning properly in the basal conglomerate

aquifer.

The relative concentration of the total dissolved solids found

in the composite water (p1. 7-B) falls in between that of the basal con-

glomerate aquifer and the Buckeye salty aquifer. The composite water

is classified as sodium chloride water (p1. 8-B).

Use of Water by Agriculture

Water must meet certain standards before it can be used safely

for irrigation. Highly mineralized waters, because they tend to con-

centrate salts on the soil surface, are not recommended for continuous

use on farmland if long-term economy is desired. The salt accumula-

tion on soil surfaces results from evaporation and evapotranspiration

of water in pure form, leaving behind its salt content on soil surfaces

and in the root zones of the plants. Salt accumulation impairs crop

growth and a time is reached when it will be impossible to continue

agriculture in the same area. The salt-balance concept was introduced

by Scofield (1940) to be the basis for proper management of highly min-

eralized water used in agriculture. The salt balance is considered

ttfavorable" when the same amount of salt applied in an irrigation water
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is removed from the soil. The effects of certain ionic concentrations

listed below are taken from Agriculture Handbook No. 60, published by

the Department of Agriculture (1954).

Selenium is poisonous to animals when fed with plants having concentra-

tions of it. 4 to . 5 ppm concentration of selenium in water is

nontoxic to cattle.

Boron is an important element for plant growth, but its presence in ex-

cess of . 5 ppm is harmful to plant growth.

Magnesium in high concentrations is toxic to plants; however, in the

presence of calcium its effect is highly alleviated.

Calcium in high concentrations is harmful to plants, especially cal-

cium chloride salt.

Sulfate in soils takes up their calcium, thus allowing sodium adsorp-

tion0

Chloride effects are mentioned under calcium.

Sodium effects (alkali hazard) are secondary in nature. Concentration

of sodium has an effect on the soil structure, usually resulting

in flocculated soils. This destroys the soil permeability,

causing low aeration and low seepage of water down the soil to

feed the plants.

Sodium adsorption ratio

Sodium adsorption ratio refers to the amount of sodium
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adsorbed by soil from an irrigation water. The adsorption of sodium by

soil results in what is termed as "alkali hazard,." The effect of alkali

hazard has been discussed under the sodium ion effect. High concen-

trations of sodium relative to calcium and magnesium result in high

sodium adsorption ratio.

The sodium adsorption ratio is calculated by the following

formula where the cations are expressed in equivalents per million.

Na
SAR

Ca1 + Mg
V 2

The sodium adsorption ratio is plotted against the electrical

conductivity of water, as shown in figure 5.

The electrical conductivity plotted on the logarithmic scale re-

flects on the salinity hazard of water. Water is divided into four groups,

depending on its conductivity. Group C1 low salinity hazard, conduc-

tivity ranging from 0 to 250 micromhos at 25°C. Water can be used

to irrigate crops without fear of salinity hazard. Group C2 medium

salinity hazard, conductivity ranging from 250 to 750 micromhos; can

be used to irrigate salt-tolerant plants with a certain amount of drainage.

Group C3 high salinity hazard, conductivity ranging from 750 to 2, 250

micromhos; cannot be used in soils with restricted drainage. Special

management of salinity control must be achieved. Group C4 very high

salinity hazard, conductivity above 2, 250 micromhos; generally is not
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suitable for irrigation. It cannot be used under normal soil conditions

The soil must be permeable, water must be applied in excess so as to

allow leaching, and the plants cultivated must be salt-tolerant types.

The sodium adsorption ratios of irrigation water are divided

into four groups (fig. 5). S1 can be used for agriculture in all types of

soils; however, sodium sensitive plants are not expected to yield good

crops. S2 can be used in coarse-textured soil with high permeability

and rich in organic matter. It is hazardous in fine-textured soil. S3,

hazardous to most soils, requires leaching and good drainage; chem-

ical amendments are required. S4, generally poor for irrigation; re-

quires low salinity water; addition, of calcium sulfate and good drainage

facilities.

The above-mentioned criteria for classification of irrigation

water are not to be taken as absolute, but can be used as a guide for

the possibilities of using a certain water for irrigation0 Many waters

according to the classification are useless, but they are used with a

certain amount of success in different parts of the country. The chem-

ical character of water from each of the two aquifers of Buckeye Valley,

with respect to salinity hazard and sodium adsorption ratio, are shown

in figure 5.

Buckeye salty aquifer water

The water of the Buckeye salty aquifer, which constitutes more
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than 90 percent of the ground water used for agriculture in Buckeye

Valley, falls into subareas C4 S4 and C4 S., In other words, the quality

of the water of the Buckeye salty aquifer used for irrigation is noted for

its very high salinity hazard and high to very high sodium adsorption

ratio under normal conditions.. The continuous application of this water

for irrigation will result in a very high accumulation of salts on soil

surfaces. The salt accumulation in the long term will affect soil pro-

ductivity and limit its use to salt-tolerant plants only. High to very

high sodium adsorption ratio will impair the soil permeability2 which

will limit the seepage of water down to the root zone and affect the

amount of aeration required by plants for healthy growth. Therefore,

the continuous irrigation by water from the Buckeye salty aquifer will

steadily decrease the crop production and ultimately result in farmland

abandonment.

The soil chemistry of Buckeye Valley was not studied in this

report. However, if the Buckeye soils are gypsiferous, they are ex-

pected to combat effectively the sodium adsorption; otherwise addition

of calcium salts, mainly gypsum, together with some organic matter

is needed. Excessive amounts of water must be applied to the land

surface to allow leaching, and good drainage must be provided for to

move salt concentrations out of the farmland.. The salt-tolerant crops

must be used if their market prices allow.



Basal conglomerate aquifer water

One well was plotted for the basal conglomerate aquifer (fig.

5). The water quality, with respect to salinity hazard and sodium

adsorption ratio1 fell in C3 S4 subareas. The water has high salinity

hazard and very high sodium adsorption ratio. The salinity hazard of

the water can be considered as relatively high, as it plots just across

the line of the medium salinity hazard. The very high sodium adsorption

ratio is attributed to high concentration of sodium relative to calcium

and magnesium, found in the water of the basal conglomerate aquifer

(p1. 8-C). Due to very high sodium adsorption ratio, this water re-

quires special management when used for agriculture.

Composite water

Composite water was classified as C4 S2 water (fig.. 5). The

salinity hazard of the composite water is considerably less than the

water of the Buckeye salty aquifer, due to the difference in their con-

ductivities. The sodium adsorption ratio of the composite water is

within the medium range (S2), which is considerably less than that of

the basal conglomerate aquifer.

The composite water, if properly managed, will be the best

compromise for an irrigation water found in Buckeye Valley. By using

a composite water, the very high salinity hazard of the Buckeye salty

73
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aquifer water, as well as the very high sodium adsorption ratio of the

basal conglomerate aquifer water are reduced considerably, Wells can

be developed properly to draw water from both aquifers for agriculture

Domestic Use of Water

Ionic concentrations in excess of the standards required by the

Public Health Service (1946) make the use of a certain water for domestic

purposes completely objectionable. The following tabulations showing

the upper limit of the concentration of the objectionable ions in water,

in parts per million, are taken from U. S. Geological Survey Water-

If these standards are satisfied, then the water is further

evaluated according to the following concentrations.

Parts per million

Copper 3.00

Iron and manganese
(together) . 30

Supply Paper 1473 (Hem, 1959).

Parts per million

Fluoride 1. 5

Lead .1

Arsenic .05

Selenium .05

Hexavalent chromium 005



Other objectionable factors like color, odor, harmful microorganisms,

and taste must be considered to evaluate the overall character of water

before it is recommended for domestic use.

The 1, 000 ppm upper limit for concentration of salts in water

after its evaluation for the first tabulation is not followed in many parts

of the world. Depending on the availability of water, in many places

people use water having concentration ranges between 1, 500 to 2,000

ppm.

Water of the Buckeye salty aquifer

The water of the Buckeye salty aquifer has a very high mineral

concentration which makes it completely unsuitable for domestic use.

The range of concentration in all the samples analyzed is above 2,000

ppm. The water has a nitrate concentration of about 70 to 100 ppm,

75

Magnesium

Zinc

Chloride

Sulfate

Phenolic compounds (as
phenol)

Total dissolved solids
(good quality)

Where no water available

Parts per million

1,

125.00

15.00

250. 00

250. 00

. 005

500. 00

000. 00
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which causes "blue-baby diseases." The fluoride content of water of

the Buckeye salty aquifer was not reported in the analyses used in

writing this report, but analyses of wells (C-1-3)l3dab and (C-1-3)l4dctcl,

made in 1949, gave fluoride contents of 2. 2 and 2. 6 ppm, respectively.

High fluoride content has been noted for all the water of the Gila River

region. Fluoride taken In water in excess of 1. 5 ppm causes tooth

disease to young infants when their permanent teeth are forming.

Water of the basal conglomerate aquifer

The results of the analyses of wells (B-1-4)36aad and (C-1-4)9-

ddd, drawing water from the basal conglomerate aquifer only, are shown

in table 4. No analyses were reported for fluoride in the water of the

above two wells, but analyses of the town of Buckeye municipal wells

showed that the fluoride content of water, supposedly drawn from the

basal conglomerate aquifer only, is 1. 6 ppm. The water of the basal

conglomerate aquifer fits the requirements of the Public Health Service

except for its high fluoride content. The Public Health Service standard

is less than 1. 5 ppm of fluoride. The water of the basal conglomerate

aquifer can definitely meet the demand of the water supply of the town

of Buckeye; their only difficulty i efficient well completion.

Town of Buckeye water supply

Well (C-1-5)Saab owned by the town of Buckeye was drilled in
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1956 to a depth of 1, 743 feet. An electric log ran in the well indicated

that salty water existed below a depth of 1, 550 feet. No analysis was

shown to indicate how salty the water was below the 1, 550 depth. The

well was plugged up to 550 feet, and was completed in the basal con-

glomerate aquifer below the Buckeye silty clayey beds. After 4 years

of pumping, the water In the well went salty. No analysis was avail-

able to indicate how salty the water was. The town located a new

well, about 100 yards from the old well. The new well was drilled to

a depth of 470 feet and was completed below the Buckeye silty clayey

beds (Bil). The well was developed from 432 to 470 feet, and was re-

ported to be sealed off by cement to avoid any water seeping down from

the Buckeye salty aquifer above the Buckeye silty clayey beds. After

2 to 3 days of pumping, the water in the well became salty. Analysis

indicated that its salt content was 2, 233 ppm. It has been the feeling

in the town of Buckeye that no well can be located in Buckeye Valley

that can provide good water, that the water is salty (by taste standards)

in all the water-bearing rocks of Buckeye Valley, and that it will be

very difficult to stop salty water from the Buckeye salty aquifer seep-

ing down the casing and contaminating the water of the basal conglom-

erate aquifer.

The argument that all the water-bearing rocks of Buckeye

Valley provide salty water (in excess of Public Health standards) is not

valid. Well (B-i- 4)3 5add was drilled by the Roosevelt Irrigation District
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in 1948 to a depth of 1, 810 feet and was developed in the basal conglom-

erate aquifer only. The well has been pumping since that time and pro-

vides water of 612 ppm (Public Health standards are 1, 000 ppm). Well

(B-1-4)36cbbwhlch was drilled by the Roosevelt Irrigation District

800 yards south of well (B-I-4)35aad, to a depth of 280 feet, and was

developed in the Buckeye salty aquifer onlyprovided salty water with

5, 163 ppm. These two wells, located near to each other, reveal the

difference in the quality of water of the basal conglomerate aquifer and

the Buckeye salty aquifer. All irrigation wells developed in both the

basal conglomerate aquifer and the Buckeye salty aquifer(B-1-4)20cac,

(B-I- 3)2 5bbc, and (B-i- 4)3 lbcdshowed lower concentration in their

salt content than the wells developed in the Buckeye salty aquifer only.

The above observations indicate tbat dilution due to mixing of the highly

mineralized Buckeye salty aquifer water and the comparatively less

mineralized basal conglomerate aquifer water was achieved.

The actual problem facing the town of Buckeye is two-fold: (1)

a technical problem of drilling, and (2) the quantity of water that can

be obtained from wells developed in the basal conglomerate aquifer

only. The town can develop an adequate water supply if it can seal off

all the salty water seeping from the Buckeye salty aquifer by gravity to

contaminate the basal conglomerate aquifer. Many drilling techniques,

which are outside the scope of the present discussion, can be used to

prevent salty water seepage from the Buckeye salty aquifer.
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If the pressure head is lowered by pumping from the basal con-

glomerate aquifer, intrusion of salty water by gravity takes place from

the Buckeye salty aquifer, thus contaminating the water of the lower

aquifer. The town of Buckeye needs a certain amount of water for its

domestic use, and could develop more than one well at several locations

in the valley and pump the wells at prescribed rates to obtain the re-

quir ed amount of water.

The town of Buckeye, being frustrated by high salt content in

its domestic water supply, voted a water bond in August 1961 for

$350, 000 to establish an ionic desalinization plant to treat its water for

domestic supply. The plant will supply enough water for domestic use

for the present population of Buckeye. At present, the plant does not

provide any water for industrial use, but its volume can be increased

to meet any future expansion, The plant is supposed to desalinize water

pumped from contaminated wells owned by the town of Buckeye. The

problem of disposal of concentrated brine from the plant still remains

to be resolved.

Industrial Use of Water

The industrial use of water varies from one type of industry

to the other, Each industry has its own water-quality standards The

water of the Buckeye salty aquifer is high in mineral content and can be

used in industries which do not require highly pure water. The water of



the basal conglomerate aquifer has relatively less salt concentration.

It can be used successfully In any type of industry which requires

edhim minGral concentration.

80



CONCLUSIONS

From the study of the subsurface geology of the valley fill of

Buckeye Valley, it Is concluded that the chemical character of the

ground water is of a diirersified nature. Buckeye salty aquifer water,

pumped from the alluvial deposits (Biii), has a mineral content ranging

from over 2, 000 to 6, 000 ppm. Buckeye salty aquifer water is used

mainly for agriculture in Buckeye Valley. The water of the Buckeye

salty aquifer, having high to very high salinity hazard and high to very

high sodium adsorption ratio, cannot be use.d successfully under normal

conditions for efficient crop production. The soil must be treated by

chemical amendments and organic matter before such water can be

applied to the various crops cultivated in the farmlands, Otherwise, a

salinity hazard will arise and eventually throw most of the farmland out

of production, Salt-tolerant crops must be raised if their market prices

allow.

The water of the basal conglomerate aquifer can be safely used

for domestic use. The only way to pump water from the basal conglom-

erate aquifer, without contamination from the Buckeye salty aquifer

water, is by efficient well management. The basal conglomerate aquifer

is a potential aquifer not yet fully evaluated, but it is expected to play

81
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a vital role in future development of ground water in Buckeye Valley.

Composite water pumped from both the Buckeye salty a4uifer

and the basal conglomerate aquifer is believed to be the best compro-

rnie for water for agricultural use in Buckeye Valley.



APPENDIX
SELECTED DRILLERS' LOGS

(B-1-3)l9cbb

From To
(feet) (feet)

0 10 Sandy soil
10 30 Light colored clay
30 45 Light clay
45 65 Brown clay
65 80 Brown clay
80 110 Sandy clay and gravel

110 125 Sand and gravel, some clay
125 138 Sandy clay
138 160 Fine running sand and water
160 175 Fine sand and pea gravel
175 200 Sandy clay, and adobe clay
200 210 Running sand
210 24 Soft sand
224 228 Sand and gravel
228 235 Hard sand and rock
235 260 $and and gravel, some soft some solid
260 268 Sandand gravel
268 285 Sandy clay, some pea gravel
285 300 Sandy clay

(B-i- 3)25bbc

0 2 Soil
2 18 Caliche

18 30 Clay
30 32 Gyp rock
32 37 Clay
37 43 Gyp rock
43 46 Sandy clay
46 59 Clay
59 102 Gravel (Gila)
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From To
(feet) (feet)

102 112 Sand (gray)
112 132 Gravel
132 194 Strata of clay and sand
194 212 Gravel, show of
212 262 Strata of clay and sand
262 590 Clay
5.90 592 Shell
592. 652 Gravel in clay
652 655 Granite gravel
65.5 793 Gravel in clay

(B-1-3)27bcc

0 2 Soil
2 45 Caliche and clay

45. 62 Sandstone
62 80 Sticky clay
80 125 Gravel and boulders

1.5 165 Gravel and sand
16.5 205 Conglomerate
205. 380 Hard clay
3.80 384 Rock shell
384 430 Clay
430 500 Clay and sandstone shells
500 526 Conglomerate
526 900 Rock

(B-1-4)2Odda

0 10 Soil and sand
10 2.5 Sandy clay
25 65 Sand and pea gravel. Water stands at 16 feet
65 100 Sand and pea gravel slks of sandy clay

100 10.5 Sandy clay
105 135 Clay, very little gravel
1.35 140 Clay
140 175 Clay
175 210 Clay
2.10 225. Clay, some bard some soft sticky
225 245 Sandy clay
245 250 Hard cemented sand
250 260 Sandy clay
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From To
(feet)

260 270 Sandy clay and hard shells270 282 Sandy clay and shells
282 295 Reddish sticky clay
295 310 Brown clay
310 325 Brown clay and hard shells
325 400 Sticky clay

(B-1-4)26bb

0 10 Hard
10 20 Sandy clay
20 50 Sandy clay, some gravel
50 90 Sandy clay, some gravel
90 115 Sandy clay

115 135 Sandy, like water sand
135 155 Fine sand
155 185 Coarse sandandpea gravel
185 220 Sand, gravel, solid streaks
220 235 Sand, gravel, some hard shells
235 250 Soft sandy clay, stks of adobe
250 270 Clay
2T0 290 Sticky clay
290 300 Sticky clay

(B-1-4)28aaa

0 6 Soil
6 40 Gravel and caliche

40 54 Rock
54 90 Coarse sand
90 130 Conglomerate

130 156 Clay with showing of gravel and layers of rock
between

156 200 Fine sand
200 230 Quick sand
230 244 Sand
244 250 Clay
250 276 Clay with showing of pea gravel and sand
276 280 Clay
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(B-i - 4)29ddc

From To
(feet) (feet)

0 5 Clay
5 30 Caliche

30 70 Hard sandy clay
70 90 Caliche
90 100 Hard sandy clay

100 124 Caliçhe
124 128 Cemented sand
128 140 Caliche
140 180 Caliche clay
L80 200 Caliche
200 210 Sticky clay
210 256 Caliche
256 312 Clay
312 340 Soft clay
340 402 Caliche
402 546 Hard brown clay
546 710 Hard caliche clay
710 758 Hard clay and streaks of hard silt, some gravel

in clay
758 770 Hard silt

(B-I-4)3odbb

0 5 Top soil
5 25 Sandy clay

25 40 Sand and coarse gravel (water)
40 55 Sand and gravel
55 70 Sand and pea gravel

90 Sand and gravel
90 120 Sandy clay

12.0 140 Sandy clay
140 170 Sandy clay
170 185 Adobe clay
185 200 Hard sandy shell
200 300 Red adobe clay

(B-i -4)3oddd

0 1 Surface
1 30 Rock and caliche
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From To
(feet) (feet)

30 40 Gravel - small boulder
40 75 Sand
75 80 Sandy clay
80 90 Rock and sandy clay
90 100 Sandy clay

100 120 Clay and gravel mixed
120 145 Rock and sandy clay
145 178 Rock
178 198 Sandy clay and sand
198 200 Clay and sand
200 250 Sand and silt
Z50 300 Clay
300 310 Sandy clay
310 470 Clay
470 480 Coarse sand and clay mixed
480 525 Clay
525 530 Silt - at 530 - coarse and sand and silt - water

138 feet - casing 530 feet - during night
gravel came in pipe 15 feet. Water sample
taken. Soft - soaps well

530 538 Coarse sand and silt
538 55 Clay and coarse sand
565 575 Silt and clay
575 585 Pea gravel and clay
585 695 Coarse sand and clay - water 121 feet - casing

565 feet
695 700 Gravel and clay

(B-i -4)3lbcd

0 75 Sand
75 200 Sand

200 310 Sand
310 340 Sand
340 400 Clay
400 439 Sand, clay
439 500 Sandy clay
500 565 Cla.y
565 600 Clay
600 630 Gravel
630 680 Clay
680 800 Clay
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From To
(feet) (feet)

800 820 Clay
820 920 Clay and stks of sand
92.0 939 Rock
939 947 Rock
947 949 Rock

(B-1-4)34cba

0 65 Made formation
65 220 Sand

220 370 Sand, possible water
370 705 Clay
705 775 Stks of sand and clay
775 990 Sand
990 1,225 Sand, bearing water

1,225 1,245 Clay
1,245 1,284 Sand
1, 284 1, 288 Boulders

(B-i -4)35aad

0 104 Clay and surface gravel and streaks of sand
104 214 Coarse sand and gravel
214 434 Coarse sand and gravel, some sand
434 .580 Clay
580 648 Gravel
648 756 Coarse sand, traces of decomposed granite
756 831 Decomposed granite and gravel
831 935 Coarse sand, some decomposed granite
935 1, 022 Coarse sand, some decomposed granite with

streaks of hard red clay
1,022 1, 134 Sand and gravel
1, 134 1, 149 Sand and boulders
1, 149 1,328 Clay with streaks of sand and gravel
1,328 1,375 Gravel
1, 375 1, 422 Gravel and sand, streaks of clay
1,422 1,425 Sandy red clay
1, 42.5 1, 440 Dark sand
1,440 I, 460 Sand and boulders
1, 460 1, 483 Dark sand with streaks of red clay
1, 483 1, 520 Dark sand with streaks of red clay
1, 520 1, 580 5mooth gravel
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Sand embedded in clay
Sand
Sandy clay
Clay

(B-i -4)3 5bbc

Sand and streaks of clay
Sand
Clay
Fine gravel
Clay
Sand and fine gravel
Hard tight sand

(C-1-3)Sabb

?
Well rounded sand and gravel, mostly granitic

with some lavas and schist
Same at 50-210, more clay as cementing ma-

terial
Same as 50-210, increasing clay as cementing

material
Mostly clay (60-70 percent) some well rounded

sand grains (granite and lavas)
Same as 250-310, increasing clay
Same as 250-310 (80-90 percent clay)
Same as 250-310, clay cementing material
Same as 250-310, decreasing clay
Same as 250-310, + 25 percent clay
Well rounded sand, granite and metamorphic,

little clay
Mostly clay, some well rounded sand
Slightly less clay, well rounded sand
Little clay
Well rounded intrusive, extrusive, and meta-

morhic pebbles - little or no sand
Much clay, rounded sand grains
Rounded pebbles, little sand and clay
Rounded pebbles, more sand, little clay
Mostly clay, some fine rounded quartz grains
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From
(feet)

To
(feet)

1,580
1, 643
1, 665

1, 643
1, 665
1, 781

1,781 1,810

0 200
200 250
250 270
270 310
310 660
660 1,010

1,010 1, 152

0 50
50 210

210 220

220 250

2:50 310

310 330
330 360
360 460
460 490
490 500
500 5.40

540 550
5.50 580
580 680
680 700

700 710
710 720
720 730
730 740



From To
(feet) (feet)

740 760 Much clay, more sand and pebbles
760 770 Conglomeratic material, some clay
770 850 LIttle clay
850 890 Granular subangular metamorphic with few

large fragments of clayey material
890 920 Same as 850-890, more cementing clay
920 940 Fine conglomeratic material, mostly meta-

morphic, some clay cement
940 1, 050 Same as 920-940, less clay

1, 050 1,060 Same as 920-940, little or no clay
1,060 1,080 Same as 920-940
1, 080 1, 110 Same as 920-940, little clay
1, 110 1, 120 Same as 920-940, little clay
1, 120 1, 130 Same as 920-940, less clay, many fairly large

rounded pebbles (to 1 inch)
1, 130 1, 160 Same as 920-940, less clay
1, 160 1, 170 Subangular schist fragments
1, 170 1, 180 Subrounded fragments, metamorphic, some

clay
1, 180 1, 190 Subrounded fragments, metamorphic, little

clay
1, 190 1, 220 Subrounded fragments, metamorphic, some

clay

1, 220 1, 230 Subangular schist fragments
1, 230 1,240 ubrounded metamorphic, some clay
1, 240 1, 270 Conglomerate material, mostly metamorphic

with rounded 1/2 Inch fragments, some clay
1, 270 1,280 Conglomerate, little sand and clay
1, 280 1, 340 Conglomerate, subangular sand
1,340 1, 350 Same as 1, 280-1, 340, more sand, some clay
1, 350 1,360 Same as 1, 280-1, 340, little sand, no clay
1, 360 1, 370 Same as 1, 280-1, 340, no clay
1, 370 1, 380 Conglomerate, little sand, no clay
1, 380 1, 390 conglomerate, little sand, some clay
1, 390 1, 400 Conglomerate, little sand, mostly schist
1, 400 1,410 Conglomerate, little sand
1, 410 1, 420 Conglomerate, mostly schist
1, 420 1, 430 Well rounded conglomerate
1 430 1 440 Conglomerate, subangular sand, some clay
1 440 1,450 Conglomerate, rounded fragments, mostly

schist
1,450 I, 460 Conglomerate, subangular sand
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From To
(feet) (feet)

1,460 1, 470 Conglomerate, rounded fragments, subangular
sand

1,470 1, 480 Conglomerate, subangular sand
1, 480 1, 490 Angular schist fragments
1, 490 1, 500 Angular schist fragments, clay stringer
1, 500 1, 520 Conglomerate, mostly metamorphics
1, 520 1, 530 Conglomerate, mostly metamorphics, more

clay
1, 530 1, 540 Conglomerate, subangular fragments, more

clay
1, 540 I, 630 Conglomerate, subangular fragments, mostly

metamorphics
1, 630 1, 640 Very fine angular metamorphic (hornblende

schist)
1, 640 1, 143 Angular metamorphic (hornblende schist)

(C-i-4)6dbc

0 20 Loose decomposed granite and sand
20 40 Gravel
40 80 Gravel with streaks of clay
80 100 Boulders and sand

100 120 Sand and gravel
120 140 $mall gravel
140 180 Gravel and boulders
180 240 Gravel and decomposed granite
240 920 Clay and streaks of gravel
920 1, 060 Gravel with small streaks of clay

1, 060 1, 120 Gravel embedded in coarse sand

1, 120 1, 235 Boulders and gravel

(C-i- 4)19 cbb

0 16 Very sandy
16 20 Sandy clay
20 35 Sand and gravel
35 62 Gravel and boulders
62 iio Gravelly clay

110 338 Clay
33.8 345 5andy clay
345 355 Clay
355 370 Sandy clay
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From To
(feet)

370 406 Clay
406 407 Sandy clay
407 435 Clay
435 450 Conglomerate

(C-1-4)24caa

0 36 Surface sand and gravel and boulders36 64 Boulders and gravel
64 132 Clay and gravel

132 193 Hard coarse sand
193 236 Gravel
236 265 Sand and decomposed granite
265 400 Decomposed granite

(C-i - 4)26abc

0 32 Silt
32 71 Sand and boulders
71 170 Sandy clay

170 215 Hard cemented granite
215 295 Large granite boulders
295 355 Hard granite
355 420 Granite boulders in clay
420 435 Granite and cemented conglomerate
43.5 530 Granite boulders in red clay

(C-1-4)28aad.

0 4 Top soil
4 19 Sandy clay

19 38 Quick sand
38 48 Coarse gravel sand
48 53 Clay
53 86 Coarse rock, gravel, and sand
86 106 Cemented material

106 178 Coarse gravel, boulders, and sand (water)
178 187 Cemented material
187 195. Gravel clay mixture
195 295 Cemented material plus gravel
295 305 Gravel plus loose sand
305 333 Cemented material, gravel, and granite
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From To
(feet) feet)

33:3 340 Loose granite
340 .400 Gravel boulders and clay
400 410 Decomposed granite, hard
410 Bedrock
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MAP OF BUCKEYE VALLEY AREA, MARICOPA COUNTY, ARIZ., SHOWING WATER-TABLE CONTOURS FOR SPRING 960
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