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SALINITY OF THE GROUND WATER IN WESTERN PINAL
COUNTY, ARIZONA

By L. R. Kister and W. F. Harpr

ABSTRACT

The chemical quality of the ground water in western Pinal County is nonuni-
form areally and stratigraphically. The main areas of highly mineralized water
are near Casa Grande and near Coolidge. Striking differences have been noted
in the quality of water from different depths in the same well. Water from one
well, (D-6-7)25¢cdd, showed an increase in chloride content from 248 ppm (parts
per million) at 350 feet below the land surface to 6,580 ppm at 375 feet; the
concentration of chloride increased to 10,400 ppm at 550 feet below the land sur-
face. This change was accompanied by an increase in the total dissolved solids
as indicated by conductivity measurements. The change in water quality can
be correlated with sediment types. The upper and lower sand and gravel units
seem to yield water of better quality than the intermediate silt and clay unit. In
places the silt and clay unit contains zones of gypsum and common table salt.
These zones yield water that contains large amounts of the dissolved minerals
usually associated with water from playa deposits.

Highly mineralized ground water in an area near Casa Grande h~s moved
southward and westward as much as 4 miles. Similar water near Coolidge has
moved a lesser distance.

Good management practices and proper use of soil amendments have made
possible the use of water that is high in salinity and alkali hazard for agricul-
tural purposes in western Pinal County.

The fluoride content of the ground water in western Pinal County is usually
low ; however, water from wells that penetrate either the bedrock or unconsoli-
dated sediments that contain certain volcanic rocks may have as much as 9 ppm
of fluoride.

INTRODUCTION

PURPOSE AND SCOPE

The study of the ground-water resources of western Pinal County
was undertaken by the U.S. Geological Survey as part of tho water-
resources investigation of Arizona in cooperation with the Arizona
State Land Department, Obed M. Lassen, Commissioner. This report
presents an analysis and evaluation of the quality of the ground water

El
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in western Pinal County in relation to its environment and to its use
for agricultural purposes.

During the course of the investigation, 875 water samples were
collected and analyzed for dissolved-chemical constituents. In addi-
tion, specific conductances were measured in the field on the water from
653 wells. Water samples also were collected at specific levels in some
wells by a deep-well sampler. Analyses of the water samples are
shown in the basic-data report (Hardt and others, 1964).

LOCATION OF THE AREA

Pinal County is in south-central Arizona in the Basin and Range
physiographic province—referred to locally as the Basin and Range
lowlands. The Santa Cruz River and the Santa Rosa Wesh, tribu-
taries of the Gila River, form the major part of the surface drainage,
which is to the north and northwest (fig.1).
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WELL-NUMBERING SYSTEM

The well numbers used by the Geological Survey in Arizona are in
accordance with the Bureau of Land Management’s system of land
The land survey in Arizona is based on the Gila and
Salt River meridian and base line, which divide the State into four
quadrants (fig. 2).

subdivision.
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by the capital letters A, B, C,and D. All land north and east of the
point of origin is in A quadrant, that north and west in ? quadrant,
that south and west in C quadrant, and that south and east in D quad-
rant. The first digit of a well number indicates the township, the
second the range, and the third the section in which the well is situated.
The lowercase letters a, b, ¢, and d after the section number indicate
the well location within the section. The first letter denotes a particu-
lar 160-acre tract, the second the 40-acre tract, and the tlird the 10-
acre tract. These letters also are assigned in a counterclockwise direc-
tion, beginning in the northeast quarter. If the location is known
within the 10-acre tract, three lowercase letters are shown in the well
number. In the example shown, well number (D-4-5)79caa desig-
nates the well as being in the NE14NE1,SW1; sec. 19, T.4 S, R. 5 E.
‘Where there is more than one well within a 10-acre tract, consecutive
numbers beginning with 1 are added as suffixes. Where a section is
more than a mile long in either direction, the designation S14, N14,
E15, or W14 is added to indicate the part of the section in which the
well is located.
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used in this report. Special thanks are given to personnel of the Pinal
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GENERAL ASPECTS OF WATER QUALITY

The chemical quality of the water in the alluvium of western Pinal
County is nonuniform areally and stratigraphically. Tl'e dissolved
solids of the ground water are derived mainly from the solution of
rock constituents of the alluvial deposits. Some of the dissolved
solids are introduced by surface water that infiltrates through stream
channels and sediments along the mountain fronts.

The dissolved material is a result of weathering, which is the group
of processes that cause rocks to change in character, to decay, and
finally to crumble into soil. Some weathering products are soluble,
but others are not. Water is an important agent in the weathering
cycle because it dissolves and removes the products of weathering.
The solubility of many minerals is increased by carbon dioxide (CO.)
in the water. Water obtains this carbon dioxide from the atmosphere
and from soil in which organic material is decomposing.
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Specific conductance serves as a general indication of the amount of
dissolved material in the water. It is expressed in micromlos per
centimeter at 25°C and is a measure of the ability of the ions in solu-
tion to conduct an electric current. Results of specific-conductivity
measurements, made in the field by the authors, were divided into four
ranges of conductivity without regard to well depth, location of casing
perforations, or material penetrated. The four conductivity ranges
are delineated by patterns on plate 1. In addition, analyses typical
of water in the area are shown by means of Stiff pattern diagrams
(adopted from Stiff, 1951). This graphical method of presenting
water-quality data consists of four parallel lines and one vertic~l axis.
The positive ions (cations) are plotted, one along each horizontal line
to the left of the vertical axis (zero point). The negative ions
(anions) are plotted in a like manner to the right of the verticl axis.
Concentrations of the ions are expressed in equivalents per rillion.
The plotted points are connected to form a closed pattern whos shape
is characteristic of a given water.

Plate 1 shows two large areas of highly mineralized water—one near
Casa Grande and the other near Coolidge. The poorer water quality
near Casa Grande probably was caused by solution of calcium, sodium,
sulfate, and chloride minerals contained in the sediments in this area
or may be due, in part, to the upward movement of saline water from
depth along fissures or faults. The Gila River probably is the source
of the highly mineralized water in the Coolidge area because the
character of the Gila River water is similar to the character of the
ground water in that area. Much of the sediment in western Pinal
County contains water that has less than 600 ppm (parts per million)
of dissolved solids.

CORRELATION OF WATER QUALITY WITH SEDIMENT
TYPES

Most of the data on the quality of the ground water in the lower
Santa Cruz basin have been obtained from chemical analyses of water
samples from wells that penetrate several water-bearing strata. The
water discharged by the well pump is a composite sample from several
depths, and the analysis will not indicate the differences in the quality
of water from the different water-bearing zones. The depth-auality
relation is more complex in deep wells because more water-bearing
zones are penetrated.

The quality of the water yielded by a well can be regulated by
perforating the well casing at selected depths; this selective perfo-
rating prevents water of poor quality from entering the well.
Such perforating might result in a lower specific capacity of the well,

208-555—66——2
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but the improved quality of the water discharged could make this
regulation worth while.

Probably the best way of obtaining information to dsscribe the
quality of the water from the various strata in the basin s>diments is
to collect water samples at the time of drilling, either by means of a
bailer on cable-tool rigs or by packers on the drill stems of rotary
rigs. Until the practice of collecting water samples tacomes an
accepted part of a drilling operation, the hydrologist must rely on
substitute methods of sampling.

The deep-well point sampler was used successfully in this study for
obtaining water samples at selected depths in wells. Tlis type of
sampler is a metal tube closed at both ends by ball valves. If the
sampler is raised and lowered several times in rapid succession at the
desired depth, water will pass the ball valves and be trapped in the
tube.

In April 1961, water samples were collected from 15 wells at depths
from 100 to 1,000 feet below the land surface. Measurem=nts of the
specific conductance of the water samples revealed differences in water
quality at various depths.

The most striking difference in the quality of water from various
depths was found in three wells that are about 6 miles esst of Casa
Grande and about 10 miles southwest of Coolidge in T. 6 S., R. 7 E.
These wells are spaced from 114 to 2 miles apart and range in depth
from 810 to 1,385 feet. The wells are perforated from the water table
to the bottom of the casing. The results of the chemical analyses
(table 1) show that changes in specific conductance and temperature
of the water from these wells with increasing depth are accompanied
by corresponding changes in hardness and in sulfate ard chloride
content. The observed change in quality as depth increases is sig-
nificant because it correlates with certain changes in the lithology of
the sediments penetrated by the wells.

To correlate water quality with sediment types, a cross s=ction (fig.
3) showing the subsurface geology was prepared from drillers’ logs
of the three wells. A permeable zone of sand, gravel, and clay extends
from the surface to a depth of 260-375 feet (upper sand and gravel
unit) ; this zone is underlain by a sequence of relatively impermeable
clay and silt beds containing gypsum and salt in some places (silt
and clay unit). Beneath the silt and clay unit are beds of sand,
gravel, and clay (lower sand and gravel unit), which are underlain
by bedrock. This unit formed by bedrock has low permeability and
consists of tightly cemented sedimentary rocks, crystalline meta-
morphic rocks, or igneous rocks. Hardt, Cattany, and Kister (1964,
p. 6) term this unit “hydrologic bedrock.”
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TABLE 1.—Quality of water at different depths in wells in western Pinal County
[Analyses in parts per million, except as indicated]

. Specifi
Depth of sample (feet Temperature | Hardness as | Sulfate (80,) { Chloride (Cl) | con cll)ggltazczce
below land surface) (°F) CaCO3 (micromhos
at 25°C)
(D-6-7)25cdd
[Total depth 810 {t]
800 .. 75 404 oo | 1, 480
350, . 75 522 187 248 1, 460
375 . 77 1,610 528 6, 580 19, 300
400 .. 76 1,600 |- |- 20, 500
500 - e e e 23, 200
550 o __ 80 2, 230 817 10, 400 29, 400
(D-6-7)27ddd
[Total depth 1,385 1t]
250 .. 71 545 | |eeoo_- 1, 460
500 .. 77 1,770 1, 140 2, 950 10, 400
1,000 . ___ 77 1,230 742 1, 780 6, 730
(D-6-7)32aaa
[Total depth 1,000 ft}
200 ___ 76 | |e e 1, 450
350 . {3 PO AUV R 1, 020
500 _____ 77 274 81 194 1, 010
940 . ¢ T8 I IR IR 1, 030

The difference in water quality from the three wells may be explained
by a study of table 1 and figure 3. The specific conductance of the
water in well (D-6-7)25cdd ranged from 1,460 micromhos at 350 feet
below the land surface to 29,400 micromhos at 550 feet. An abrupt
change in conductivity occurred between 350 and 375 feet, near the
point of contact of the upper sand and gravel unit with the gypsum
and salt zone in the silt and clay unit.

Laboratory tests were made to estimate the proportion of the water
from well (D-6-7)25cdd that comes from the upper sand and gravel
unit and from the silt and clay unit. Water having a specific con-
ductance of 1,480 micromhos and a composition assumed to be equiva-
lent to the average composition of that in the upper sand and gravel
unit was mixed with water having a specific conductance of 24,000
micromhos and a composition assumed to be equivalent to the everage
composition in the silt and clay unit. The proportion of 10 parts of
water of 1,480 micromhos and 1.4 parts of water of 24,000 micromhos,
gave a solution having a specific conductance of 5,960 micromhos,
which is equivalent to the specific conductance of the water from well
(D-6-7)25cdd.
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These tests indicated that less than one-fifth of the yield of well
(D-6-7)25cdd is from the silt and clay unit. Small increases in the
proportion of water yielded by this unit will result in a dispropor-
tionate increase in the specific conductance of water yielded by this
well.

Similar data were collected from well (D-6-7)27ddd, which i« about
114 miles west of well (D-6-7)25cdd. The specific conductance of
the water yielded by the well was 1,630 micromhos. The specific
conductance of the water sampled at 250 feet below the land surface
was 1,460 micromhos; at 500 feet below the land surface the con-
ductivity was 10,400 micromhos, and at 1,000 feet it was 6,730 micro-
mhos. The water at 1,000 feet probably is a mixture of the more dense
saline water from the overlying silt and clay unit and the fresh water
from the lower sand and gravel unit.

Assuming that the average conductivity of the water from the
gypsum and salt zone in the silt and clay unit at well (D-6-7)27ddd
is 8,500 micromhos—the average specific conductance of the samples
collected at 500 and 1,000 feet—only about 2 percent of the rield is
from the evaporite zone. The rest of the yield is from the upper
sand and gravel unit above 260 feet and from the lower sand and
gravel unit below 1,200 feet.

The specific conductance of the composite sample of water from well
(D-6-7)32aaa was 856 micromhos, whereas the specific conductance
of the point samples was 1,450 micromhos in the upper sand and gravel
unit and ranged from 1,010 to 1,030 micromhos in the silt and clay
and bedrock units. This difference in specific conductance probably
indicates that water of excellent quality under artesian pressure is
coming from the lower sand and gravel unit at 770-870 feet below the
land surface. Unfortunately no water samples were collected from
this zone. Water of high conductivity probably is penetrated by the
well in the silt and clay unit, but its presence in the well bore is
masked by the upward flow of good water. Well logs indicate
gypsum in the silt and clay unit at about 450 feet below tla land
surface.

An analysis of the geohydrologic factors that affect the quality
of water yielded by wells (D-6-7)25cdd and (D-6-7)27ddd shows
that a serious problem of deteriorating quality will arise if overpump-
ing of these wells continues. The quality will deteriorate in these wells
because, as the water levels decline, the gypsum and salt in the silt
and clay unit will yield progressively larger proportions of water.
In well (D-6-7)32aaa the lower sand and gravel unit contributes
substantial amounts of good-quality water to the well; if this contri-
bution continues, the quality change in this well will be less than in
the other two wells.
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This study shows that chemical analyses of water samples collected
from the discharge pipe of a pumping well are not necessarily indica-
tive of the quality of the water throughout the sequence of sediments
penetrated by the well. To collect quality-of-water data at the time
of drilling or from point samples under static conditions and to cor-
relate these data with lithology will assist. materially in obtaining an
accurate interpretation of the hydrologic regime and the changes im-
posed upon it by man’s manipulations.

CHANGES IN GROUND-WATER QUALITY

Two main reasons for expecting changes in the quality of water
from a pumped well, over a period of time, are (1) migration of water
of different quality because of ground-water withdrawal by pumping,
and (2) percolation of irrigation water to the water table.

EFFECT OF GROUND-WATER WITHDRAWAL ON WATEF QUALITY

About 1 million acre-feet of ground water was pumped from the
lower Santa Cruz basin for agricultural, domestic, and industrial uses
in 1963. About 250,000 acre-feet of this amount came from the Eloy
area, about 440,000 acre-feet from the Stanfield-Maricopa area, and
about 290,000 acre-feet from the Casa Grande-Florence area. Other
nonirrigation uses of water in the basin amounted to about 20,000 acre-
feet. In some places water levels have declined more than 275 feet
since 1923 because of ground-water withdrawal. Changes in water
quality have coincided with decline in water level, most noticeably in
the Casa Grande-Florence area.

Hem (in Turner and others, 1943, pl. 8) shows that in 1941-42 the
western boundary of the highly mineralized water near Casa Grande
was on a line extending about 12 miles west-northwest from the Casa
Grande Mountains. (See heavy line in pl. 1.) Data collected in 1960
show that the western boundary of this highly mineralized water has
migrated in a general southwesterly direction. In 1960 the approxi-
mate position of the boundary represented by water containing 500
ppm dissolved solids is the heavy dashed line between the 1,000-2,000
specific-conductance and the <1,000 specific-conductance values. The
ground-water movement in this area is toward a depression in the
water table caused by pumping in the area west of a ground-water
barrier known locally as the Casa Grande ridge.

A similar but slower movement of highly mineralized water has
occurred near Coolidge. Here also the rate and direction of the move-
ment are influenced by heavy pumping, but the decline of the water
table in this area is not as great as that near Casa Grande.
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EFFECT OF IRRIGATION ON WATER QUALITY

When land is irrigated, evaporation and transpiration and the re-
sultant loss in water cause dissolved minerals to be concentrated or
to be precipitated; the increase in dissolved minerals forms saline
soils. The formation of these soils depends on the amount of water
used and the concentration of dissolved solids in the irrigation water.
Where salts are being deposited, they must be removed from the plant
root zone by leaching to prevent an excessive buildup of selts that
eventually would adversely affect crop production. If a saline soil
solution is formed and this water seeps to the ground-water reservoir,
deterioration in the quality of the ground water may result.

Recharge from irrigation probably has not affected the quality of
the ground water in most of western Pinal County, although saline soil
solutions probably are being formed locally. The depth to water is
more than 200 feet in most places, and it may be many years before the
salts from the irrigation water reach the water table. The rate of
decline of the water level in some areas may be faster than the rate
of downward movement of the irrigation water. If the water table
continues to decline, the cost of pumping may force an end to irriga-
tion from wells long before the quality of the ground water is affected
by irrigation recharge.

RELATION OF CHEMICAL QUALITY TO AGRICULTURAL
USE

The main factors to be considered in analyzing the suitalility of
water for irrigation are dissolved-mineral concentration expressed as
dissolved solids, specific conductance, sodium-adsorption-ratio
(SAR), and the concentration of boron and bicarbonate; however,
water for irrigation cannot be evaluated solely on its chemical charac-
ter. Other factors, such as permeability of the soil, effectiveness of
drainage, amount of water used, and salt tolerance of the crop to be
irrigated also must be considered.

Irrigation generally increases the salinity of the soil water unless
the soils are well drained. In heavily irrigated sandy soils the soil
solution may have about the same concentration as the ir-igation
water. In heavy soils, where evaporation is greater than drainage
losses, the concentration of the soil solution may be as mucl as 100
times that of the irrigation water. This concentration is enough to
retard plant growth.

Calcium and sodium are two of the principal dissolved constituents
in ground water in western Pinal County. Both exert imvortant
effects on the soil texture by ion-exchange reactions. As water seeps
through the soil, some of the dissolved constituents in the water may
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be exchanged for other constituents in the soil; for examvle, where
water containing high sodium concentrations comes in contact with
soil, sodium ions may be adsorbed on the framework of the soil parti-
cles, and calcium and magnesium ions may be released to the soil
solution. This exchange of elements is called ion exchange or base
exchange. Large amounts of calcium in irrigation water generally
improve or maintain the permeability of soils and allow water to pene-
trate readily. On the other hand, high sodium concentrations in
irrigation water may cause the soil to become impermeable and difficult
to till. Eaton (1950, p. 127-128) states: “The replacement by sodium
of the exchange calcium and magnesium of the soil brings about pro-
gressive destruction of particle aggregates and, with parti~le disper-
sion, impermeability, provided the soil solution is not very saline. A
sodium soil may be permeable to saline water and yet be extremely
impermeable to rain.”
CONDUCTIVITY

It has been accepted generally that 2,250 micromhos is about the
upper limit of conductivity for irrigation water; however, water
which has higher conductivity apparently is used successfully in parts
of western Pinal County. The moderate salinity of the scil, efficient
leaching practices, application of soil amendments, and cul“ivation of
salt-resistant crops make the use of water of fairly high conductivity
possible.

SODIUM-ADSORPTION-RATIO (SAR)

Water used for irrigation can be rated according to salinity hazard
and sodium or alkali hazard, according to a method formulated by the
staff of the U.S. Salinity Laboratory (1954). This method utilizes
SAR and conductivity as a basis for rating irrigation water.

The SAR values of an irrigation water are used as a basis for pre-
dicting the alkali or sodium hazard that may result from the use of
the water. High SAR values may cause damage to soils. Use of SAR
as a method for rating water depends on the equilibrium between ex-
changeable positive ions (cations) on the soil and cations in the
irrigation water. The equilibrium established between the ions ad-
sorbed on the soil complex (X) and the calcium and sodium ions in
solution is as follows:

Ca?t X,-+2Nate22Nat X4 Ca?t,

The SAR value for a water is calculated by the following formula in
which sodium, calcium, and magnesium are expressed in equivalents
per million:

Nat

 ; — L A
\/Oa2++Mg2+
2

SA
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SALINITY AND SODIUM HAZARDS

An explanation of the classification of the sodium and the salinity
hazard as shown in figure 4 is as follows (U.S. Salinity Laboratory
Staff, 1954, p. 79-81) :
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SALINITY HAZARD

Ficure 4.—Sodium and salinity hazard of ground water. Diagram adopted from
U.S. Salinity Laboratory Staff (1954).
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“Low-Savintry Water (C1) can be used for irrigation with most
crops on most soils with little likelihood that soil salinity will develop.
Some leaching is required, but this occurs under normal irrigation
practices except in soils of extremely low permeability.”

“Meprum-Savintry Water (C2) can be used if a moderate amount
of leaching occurs. Plants with moderate salt tolerance car be grown
in most cases without special practices for salinity control.”

“HrieH-SaLinrry Water (C3) cannot be used on soils with restricted
drainage. Even with adequate drainage, special management for
salinity control may be required and plants with good salt tolerance
should be selected.”

“Vrry Hiem Savintry Water (C4) is not suitable for irrigation un-
der ordinary conditions, but may be used occasionally under very
special circumstances. The soils must be permeable, drainage must
be adequate, irrigation water must be applied in excess to provide con-
siderable leaching, and very salt-tolerant crops should be sclected.”

“Low-Soprom Water (S1) can be used for irrigation on almost all
soils with little danger of the development of harmful levels of ex-
chaneable sodium. However, sodium-sensitive crops such as stone-
fruit trees and avocadoes may accumulate injurious concentrations of
sodium.”

“MepruM-Soprum Water (S2) will present an appreciable sodium
hazard in fine-textured soils having high cation-exchang»-capacity,
especially under low-leaching conditions, unless gypsum is present in
the soil. This water may be used on coarse-textured or organic soils
with good permeability.”

“Hrex-Soorom Warer (S3) may produce harmful levels of ex-
changeable sodium in most soils and will require special soil manage-
ment—good drainage, high leaching, and organic matter additions.
Gypsiferous soils may not develop harmful levels of exchangeable
sodium from such waters., Chemical amendments may be required for
replacement of exchangeable sodium, except that amendmerts may not
be feasible with waters of very high salinity.”

“Very Hier Soptum Water (S4) is generally unsatisfactory for
irrigation purposes except at low and perhaps medium salinity, where
the solution of calcium from the soil or use of gypsum or other amend-
ments may make the use of these waters feasible.”

SIGNIFICANCE OF CARBONATE IN IRRIGATION WATER

The relation of calcium and magnesium to bicarbonate and car-
bonate in irrigation water is important in determining the probabil-
ity of the formation of black alkali soils. If water contains a large
amount of bicarbonate or carbonate, calcium and magnesium tend to
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precipitate as carbonate in the soil solution. Thus, the propo+tion of
sodium in the water is increased. As calcium and magnesium are lost,
the chance that sodium carbonate will form is greatly increased. Faton
(1950) calls this residual sodium carbonate and has defined it as the
excess of carbonate over calcium plus magnesium expressed in milli-
equivalents per liter (meq per1). On the basis of experiments by per-
sonnel of the U.S. Salinity Laboratory (1954, p. 81-82),

it is concluded that waters with more than 2.5 meq per 1 “residual soium car-
bonate” are not suitable for irrigation purposes. Waters containing 1.25 to 2.5
meq per 1 are marginal, and those containing less than 1.25 meq per 1 “residual
sodium carbonate” are probably safe. It is believed that good managem-nt prac-
tices and proper use of amendments might make it possible to use successfully
some of the marginal waters for irrigation. These conclusions are based on
limited data and are, therefore, tentative.

Some irrigation water in western Pinal County is likely to contain
residual sodium carbonate; however, the data show that most of the
water may be classed as safe to marginal. Good management prac-
tices and proper use of soil amendments have apparently made the use
of marginal-quality water for irrigation successful in western Pinal
County.

FLUORIDE IN GROUND WATER

The concentration of fluoride in water is an important consideration
in the evaluation of the suitability of water for domestic purposes.
Optimum fluoride concentrations help reduce incidence of tooth decay;
however, concentrations greater than the recommended upper limits
tend to cause dental fluorosis (mottled enamel) in childrer. The
optimum fluoride level depends on climatic conditions because the
amount of water (and consequently the amount of fluoride) ingested
by children is primarily influenced by air temperature (U.S. Public
Health Service, 1962, p. 41). Aside from the physiological aspects of
fluoride concentration in water, the amount of fluoride in water also
may be important in relation to the geologic and lithologic environ-
ment. The following discussion is concerned mainly with the occur-
rence of fluoride in ground water in relation to the types of sediments
in the drainage basin. The distribution of fluoride in ground water
is shown on plate 2; the zones represent water containing less than
1.5 ppm and more than 1.5 ppm fluoride.

Fluoride-bearing minerals are usually common in igneous rocks and
less abundant in sedimentary rocks. The fluoride ion (F-) occurs
frequently in mica (biotite and muscovite), amphibole (hornblende),
and other minerals. Apatite is also an important mineral group con-
taining fluoride, and according to Barth (1947), all the fluoride in ba-
salt comes from apatite. The most abundant and widely distributed
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fluorine mineral is fluorite (CaF,), which is found in veins or is asso-
ciated with metallic ores; this mineral is also found in limes‘one, dolo-
mite, and as an accessory mineral in igneous rocks and pegmatite.

The fluoride-bearing minerals generally are present in the alluvial
sediments in the basins in southern Arizona and probablr were en-
riched in the indurated sediments that form the bedrock. High con-
centrations of fluoride are possible in dilute water only if the concen-
tration of calcium is very low. Such water is uncommon but may exist
in an environment that contains fluorite but has the calcium removed
from solution by ion-exchange reactions.

Where ground water in western Pinal County contains more than
about 1.0-1.5 ppm fluoride, calecium concentration is low. "Water con-
taining more than 1.5 ppm fluoride has about the same distribution as
the moderately and highly mineralized water shown on plate 1. Fluo-
ride in excess of 1.5 ppm occurs near the edge of the mountains in the
western part of the Stanfield-Maricopa area, near the Casa Grande
ridge, in the Coolidge area, east of Maricopa, and north cf the Gila
River in T. 3 S, R. 6 E. (pl. 2). The ground water in the Eloy area
contains less than 1.5 ppm fluoride with the exception of an anoma-
lously high fluoride content found in a few deep wells. The position
of these wells with respect to the bedrock is shown in cross section 4A-4"*
from Red Rock northwest to sec. 29, T.7 S, R. 6 E. (fig. 5). In most
places where the bedrock is tapped by a well, the water contains more
than 1.5 ppm fluoride. Water from well (D-8-7)9add, which pene-
trates more than 300 feet of the bedrock, contains 5.3 ppm fluoride.
This well is 2,100 feet deep and yields water from the 1,800- to the
2,100-foot level. Water from well (D-5-6)27ada, which is 1,480 feet
deep, contains 9.0 ppm fluoride. This well penetrates more than 200
feet of the bedrock. Evidence collected recently from other parts of
southern Arizona indicates that a unit similar to the bedrock of this
report contains significantly large amounts of fluoride.

QUALITY OF WATER IN THE ELOY AREA

Hem states (in Turner and others, 1943, p. 74) : “Ground water in
the Eloy area is very uniform in chemical character. Generally wa-
ter samples from this area were found to contain about 307 parts per
million of dissolved solids, largely calcium bicarbonate. Waters en-
countered at various depths did not seem to differ appreciably in
concentration.” Deeper wells have been drilled since the 1941 data
were obtained, and many more water samples have been analyzed ; thus
the volume of available data has increased. These new data show,
however, that the quality of ground water in this area is virtually
unchanged from that described 20 years ago.



SALINITY OF GROUND WATER, WESTERN PINAL COUNTY E17

"Y001pP3Q 03 UOIIB[AI UI I9jBM PUNOIF JO UOTIBIJUIOU0D OPHONLI—'C THADLY

009

00V 4

/00T 4

T3A3T V3S o

002

,00¥ 4

4009

/008 1

0021+

00¥1+

/0091

/0081

0002

40022 -

L

2 93e|d UD UMOYS UONIDS §O Lofedo]

——T

s3nWE 2 1 O

uidep y-0561 1@

apuony wdd g'g
‘uidap 3-665 e
apuony wdd 9°0

1SYIHINOS PPASI(01-01-Q)

\q

apuon|y wdd gg
20021(8-6-Q)

¥ 5891 uidop |0

1l o _
» og
S5 I}
57 B
T 33
2e 2%
E Ry
Qo
29 aa
=0 o
aqa
L]

B 001 Wdep jejo),

1
A

) wid 2:7

ppeZ(9-8-Q)

spuony wdd g'g
PPe6{L-8-Q) Tt
@puonj§ wdd p*f
PPLI(L-8-Q)

009
r.00t
|.002
13A37 VIS
F.,002
+.,00t
-.009
008
,, 0001
r.00CL
- 00¥1

-,0091

PPP62{(3-L-Q)

[ 008T

@pion) wdd o't

- Q002

-.,0022

JSIMHIHON

14



E18 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

The median specific conductance of 131 samples taken from 1941-48
was 467 micromhos. The median dissolved solids was calculated to
be 304 ppm (table2). The median specific conductance of 220 samples
taken in 1960 was 460 micromhos, and the computed value for median
dissolved solids was 299 ppm. There was no significant change in
the dissolved-solids concentration of the ground water.

TasLE 2.—Change in specific conductance and dissolved solids in ground water,
1941-48 and 1960

Median specific conductance Medjan dissolved solids
(calculated)
Area
194148 1960 104148 1960
ElOY e 467 460 304 299
Casa, Grande-Florence. ..o __ 1,120 880 728 572
Stanfield~Maricopa - « . ccweeoo—- 600 810 390 526
Gila River .- . 1, 650 1, 500 1, 070 975

Some of the samples taken during both periods showed a specific
conductance of as much as 4,400 micromhos; however, unusually high
conductances were shown generally by samples from wells in the north-
western part of the area. The conductance in almost 95 percent of
the samples was less than 1,000 micromhos. The median conductance
is given because it is affected less by the unusually high conductances
in the upper limits of the sample distribution.

Two wells in sec. 9, T. 8 S., R. 7 E., yield water of different quality.
One well is 418 feet deep and yields water having a temperature of
77°F and a specific conductance of 507 micromhos; the water is a cal-
cium bicarbonate type. The second well is 2,100 feet deep, and the
casing is perforated from 1,000 to 1,500 feet below the land surface
and from 1,800 to 2,100 feet; the well yields water having a tempera-
ture of 125°F and a specific conductance of 8,300 micromhos. This
water is a sodium sulfate type. The driller reported that most of the
yield from the second well was from the 1,800- to 2,100-foot level.

Most of the water in the Eloy area is rated low in sodium hazard
and medium in salinity hazard; however, water that has very high
sodium and salinity hazards probably is present at depths greater than
those reached by most of the present wells. Well (D-8-7)9add is
2,100 feet deep and yields water having a specific conductar ce of 3,300
micromhos and a sodium-adsorption-ratio of 38 (fig. 4). MMore water
of this quality may be used in the future if the declining vater table
makes deeper wells necessary.

Although the fluoride concentration in the ground water i~ generally
less than 1.5 ppm, there is evidence that fluoride concentration in-
creases with depth. The water from well (D-10-10)15ace southeast
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of Red Rock contains 0.6 ppm fluoride at 555 feet below the land surface
and 4.0 ppm at 1,950 feet. Water from the 1,800- to 2,100-foot. level
in well (D-8-7)9add, about 8 miles west of Eloy, contains 5.3 ppm
fluoride. Well (D-8-6)2add is 600 feet deep and yields water con-
taining 2.2 ppm fluoride.

QUALITY OF WATER IN THE CASA GRANDE-FLORENCE
AREA

The quality of the ground water in the Casa Grand-Florence area
is extremely variable. From 1941-48, the specific conductance of the
water ranged from 385 to 7,040 micromhos; in 1960 the range was from
390 to 5,800 micromhos. The median specific conductance of 105
samples taken from 1941-48 was 1,120 micromhos; the median for 195
samples in 1960 was 880 micromhos (table 2). Differences in the areal
distribution of the sampling for the two periods may be the explana-
tion for the apparent improvement in the quality.

The sodium hazard is low to medium and the salinity hazerd is
medium to very high for most of the water in the area (fig. 4) ; how-
ever, water having very high sodium and salinity hazards is present,
mainly in the area of highly mineralized water near Casa Grande
(pl. 1). The most satisfactory ground water for irrigation is found
between Casa Grande and Florence.

Some ground water near Coolidge contains more than 1.5 ppm fluo-

ride. Well (D-5-9)30cbb is 350 feet deep and contains 6.0 ppm
fluoride; the University of Arizona has reported 8.5 ppm fluoride in

the water from a 444-foot-deep well at Coolidge.

QUALITY OF WATER IN THE STANFIELD-MARICCPA
AREA

There has been a slight overall increase in the salinity of the ground
water in the Stanfield-Maricopa area from the testing period of
1941-48 to that of 1960. The median specific conductance of the water
from 1941-48 was 600 micromhos, and in 1960 it was 810 micromhos.
Ground water that has a specific conductance of less than 1,007 mi-
cromhos is present in most of the area; however, in the southeastern
part, highly mineralized water occurs near the Casa Grande ridge.
Plate 1 shows that the highly mineralized water has moved several
miles southward and westward since 1941, probably because 1 eavy
pumping has formed a depression in the water table west of Casa
Grande and caused the migration of saline water in the aquifer.

The alluvium in the extreme western part of the area cortains
moderately mineralized water along the mountain slopes. Recharge
to this area may pass through sedimentary rocks that contain some
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evaporite minerals. Some of the wells in this area yield water con-
taining more than 1,000 ppm of dissovled solids. A driller reported
salt water at 60 feet below the land surface and fresh water at a
greater depth. When the salt-water section was sealed off, the well
yielded potable water.

Wells in secs. 328, T. 5 S., R. 3 E., yield water that I'as a specific
conductance of more than 1,000 micromhos (pl. 1). Thir area forms
an “island” of moderately saline water that is surrounded by water
of good quality. The island also conforms in shape and location to a
ground-water “high.” To the west, heavy pumping has formed a
water-table depression, and wells yield water of gcnd quality;
it is possibile that moderately saline water existed at shallow depths
prior to pumping and that subsequent development has dewatered the
saline part of the aquifer.

The salinity hazard of the ground water in the area ranges from
medium to very high (fig. 4). The very high salinity Iazard water
is near the Casa Grande ridge and also in the northwes’ part of the
area. The sodium hazard of the water ranges from low to very high.
Most of the wells in the area yield water that may be classed as having
a low sodium and high salinity hazard; some of the wells have been
abandoned because of the high salinity of the water.

Places in which the quantity of fluoride in the water is more than
1.5 ppm are limited to the western part of the area, near the Casa
Grande ridge, and west of Maricopa (pl. 2).

QUALITY OF WATER IN THE GILA RIVEP AREA

The quality of the ground water in the Gila River area is uniform
in chemical composition, ranging in specific conductance from about
1,000 to 2,000 micromhos. The water is similar in composition to the
Gila River water in that it is mainly of the sodium chloride type
(pl. 1).

Only a small amount of quality-of-water data is availeble for wells
in this area; the median specific conductance of 35 samples taken from
1941-48 was 1,650 micromhos, as compared to 1,500 micromhos for 38
samples taken in 1960 (table 2).

Water-quality changes occur with depth, as revezled in well
(D—4-6)16adc. Data from this well show the specific conductance of
the water to be 1,730 micromhos at 214 feet below the land surface and
480 micromhos at 460 feet. The water at the greater denth contains
less calcium and magnesium.

The water of the Gila River area is rated mainly as high in salinity
hazard and low in sodium hazard, which indicates that it can be used
on almost all soils with little danger that exchangeable sodium will ac-
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cumulate to harmful levels; however, if the water is used on soils with
restricted drainage, special management for salinity control may be
required.

Fluoride concentration in the water is generally less than 1.5 ppm,
except in the area north of the Gila River close to the Santan Moun-
tains where the observed fluoride concentration is as much as 2.0 ppm.
Fluoride does not seem to be an important contaminant in the g~ound
water from the Gila River area.
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