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GROUND-WATER CONDITIONS IN THE HARQUAHALA PLAINS, .
MARICOPA AND YUMA COUNTIES, ARIZONA

By
E. E. Denis
Introduction

The ground-water reservoir is the only dependable source of
water inthe Harquahala Plains (fig. 1), andit has been developed exten-
sively in the last few years. Because the results of the ground-water
development will havea direct effect on the overall economy of the area,
it is essential to obtain a comprehensive knowledge of the factors that
control the quantity and quality of the water stored in the ground-water
reservoir. This report includes discussions of the ground-water condi-
tions and water-level trends inthe Harquahala Plains and makes available
hydrologic data that are useful in planning and studying water-resources
development, '

As a part of the continuing ground-water program in Arizona,
the U.S. Geological Survey, in cooperation with the Arizona State Land

~ Department, O. M. Lassen, former Commissioner, and A. L. Bettwy,

present Commissioner, collects and analyzes data on the occurrence
and development of ground water in the State. For the most part, the
data included inthis report were collectedasa part of the continuing pro-
gram; however, some addilional data were collected in November and
December 1966. The study was conducted under the immediate super-
vision of H. M. Babcock, district chief of the Water Resources Division
of the U.S. Geological Survey in Arizona.

The Harquahala Plains is in the Basinand Range lowlands water
province in western Arizona and is about 60 miles west of Phoenix. The
areaisabout 40 miles long and 13 miles wide andis bordered on the north-
west by the Harquahala and Little Harquahala Mcuntains, onthe northeast
by the Big Horn Mountaing, on the southeast by the Gila Bend Mountains,
and on the southwest by the Eagletail Mountains (pl. 1}). The valley floor
slopes gently from the northwest to the southeast at a gradient of about
17 feet per mile along Centennial Wash. Centennial Wash is the main
drainage in the basin; the wash is an ephemeral stream that joins the
Gila River at the southeast end of the area.

1
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The climate inthe Harquahala Plains is arid; duringthe 13 years
of record at the Harquahala Plains No. 1 precipitation station in sec. 14,
T. 2 N., R. 9 W,, the average annual precipitation was only 6 inches
(U.S. Weather Bureau, issued annually). Precipitation is inadequate for
raising crops, and because there is no usable surface-water supply, it
is necessary to pump ground water for irrigation.

The first large irrigation well was drilledin 1951; by 1954, about

7,000 acres of farmland was beingirrigated with water from 20 wells, and

by December 1963, about 33, 000 acres of land was being irrigated with
water from about 100 wells. In December 1966, 39, 500 acres of land
was under cultivation, and about 120 irrigation wells were in use, Most
of the cultivated land is in the southeastern part of the area; about 2, 000
acres is cultivated at the northwest end of the area, and the central part
is undeveloped.

An inventory of irrigation wells was made in 1966; cultivated
acreage was mapped fromanaerial reconnaissance madein 1967 (pl. 1).
Data for the wells-——including date drilled, casing information, water
levels, pumping data, and other information—are given in table 1 (see
appendix). Other data in the appendix include drillers' logs of selected
wells (table 2), field determinations of temperature and specific conduct-
ance of water from selected wells (table 3), and chemical analyses of
water from selected wells (table 4). The well locations and cultivated
acreage are shown onplate 1; all well locations are describedinaccord-
ance with the well-numbering systemusedinArizona, whichis explained
and illustrated on figure 2,

The author wishes to acknowledge the many people who provided
useful information during this study. Specialthanks are givento personnel
of the Arizona Public Service Co., who provided data for use in com-
puting the amount of ground water pumped in the area,

The geology and water resources of the Harquahala Plains have
been described in several reports. The area is included inRoss' (1923)
description of the lower Gila region, in which the characteristics of
several wells were described. A comprehensive report by Metzger
(1957) gives detailed descriptions of the geology and of the gualitative
data concerning the ground water atthe beginning of major ground-water
development and a report by Stulik(1964)analyzes the results of several
years of large-scale pumping.
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The well numbers used by the Geological Survey in Arizona
are in accordance with the Bureau of Land Management's system of land

subdivision. The land survey in Arizona is based on the Gila and Salt

River meridian and base line, which divide the State into four quadrants.
These quadrants are designated counterclockwise by the capital letters A
B, C, and D, All land north and east of the point of origin is in A quad-
rant, that north and west in B quadrant, that south and west in C quad-
rant, and that south and east in D quadrant. 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 particular 160-acre tract, the second the 40-
“acre tract, and the third the 10-acre tract. These letters also are as-
signedina counterclockwise direction, beginningin the northeast quarter.
If the location is known within the 10-acretract, threelowercase letters
are shown in the well number. In the example shown, well number
(B-4-2)19caa designates the well as beinginthe NE{NE}SW# sec, 19, T.
4 N., R. 2 W, Where there is more than one well within a 10-acre
tract, consecutive numbers beginning with 1 are added as suffixes.

FIGURE 2. --WELL-NUMBERING SYSTEM IN ARIZONA.
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Ground Water

The occurrence of ground water in the Harquahala Plains is
similar to that in manyareasin the Basin and Range lowlands of Arizona.
The principal water-bearing strata are the sand and gravel units in the
alluvium that underlies the plains. In the developed southeastern part
of the plains the alluvium is from less than 300 feet thick near the moun-
tain fronts to more than 1, 200 feet thick in the center of the developed
area {(pl. 2). One of the deepest wells in the area—2, 010 feet deep—
penetrated granite at a depth of 1, 995 feet. Several wells bottom in the
alluvium at depths of more than 1, 500 feet. In general, the ground water
in the Harquahala Plains occurs under water-table conditions, although
artesian conditions maybe presentinplaces. InDecember 1966 the depth
to water ranged from about 40 feet below the land surface near where
Centennial Wash leaves the plains to 480 feet near the southeast end of
the Eagletail Mountains {pl. 2).

Prior to significant ground-water development, the slope of the
ground-water surface was from the northwest to the southeast. In 1954
ground-water movement was southeastward at a gradient of about 2 feet
per mile (Metzger, 1957). As early as 1957, the withdrawal of ground
water had reversed the direction of ground-water movement, and by 1963,
the ground-water gradient was relatively steep; most of the ground water
was movingtowarda well-defined cone of depression centered near sec.
30, T. 2 N., R. 8 W., and some of the ground water was moving toward
two small cones of depression in the southwestern part of the cultivated
area (Stulik, 1964). Contours of the altitude of the water level in Decem-
ber 1966 (fig. 3) show that the three cones of depression have expanded
and coalesced and that ground water is moving from all directions into a
cone of depression that encompasses the entire cultivated area. The
deepest part of the cone is at about the same location as in 1963 (fig. 3).

About 1, 545, 000 acre-feet of ground water had been withdrawn
from the aquifer in the Harquahala Plains through 1966 (Cox and others,
1968). The withdrawal is greatly in excess of the replenishment to the
ground-water reservoir and has resulted in large water-level declines
in the cultivated area. From December 1863 to December 1966, the
water level declined as much as 50 feet in a large part of the developed
area (pl. 1). Water levels declined from about 20 to 30 feet at the south-
east end of the area but only declined about 10 feet in the slightly developed
area at the northwest end of the plains. The water level in a well in
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sec., 11, T. 2 N., R. 9 W., was about 230 feet below the land surface
when visited by Ross (1923) in 1917; in 1866 the water level near this
well was more than 440 feet below the land surface. Figure 4 shows
water levels in selected wells and the estimated annual pumpage of ground
water in the Harquahala Plains from 1950 through 1967.

Volume of Recoverable Ground Water

Nearly all the water pumped in the Harquahala Plains comes
from ground-water storage. In order to calculate the amount of water
that canbe withdrawn from the aguifer, it is necessary to determine the
volume of material available for storage of the water and the storage
coefficient of the aquifer. The storage coefficient of an aquifer is defined
as the volume of water it releases from or takes into storage per unit
surface area of the aquifer per unit change in head normal to that surface;
therefore, it is a dimensionless ratio.

, The thickness of the permeable alluvium and the depth to water
in the southeastern part of the Harquahala Plains in December 1966 are

shownonplate 2. The alluvium isless than 300 feet thick along the moun-

tain fronts and more than 1, 200 feet thick in the center of the area; the

alluvium along the mountain fronts was not included in the computation of .

storage capacity because in this area most of the unit probably is above
the water table. Inplaces wherethe alluviumis from 300 to 700 feet thick,
an average thickness of 500 feet was used in the computation, and, where
the alluvium is from 700to 1, 200 feet thick, an average thickness of 950
feet was used. Inthe center of the area, where the alluvium is more than
1, 200 feet thick, an arbitrary thickness of 1, 200 feet was used in the
computation; pumping from depths greater than 1, 200 feet probably would
not be feasible. The volume of saturated material was computed only for
the southeastern part of the area, which comprises about 95, 000 acres.
Data are insufficient to compute the volume of saturated alluvium in the
rest of the plains area. Using plate 2, it may be determined that the
volume of permeable alluvium is about 85. 2 millionacre-feet inthe south-
eastern part of the area. The 1966 depth-to-water contours show that
35. 8 million acre-feet of the permeable alluvium is above the water table
and, thus, is not saturated. Therefore, in December 1966 the volume of
saturated alluvium was about 48. 4 million acre-feet.

L
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The relation betweenthe amount of ground water withdrawn and
the resultant dewatering of the aquifer maybe usedto determine the stor-
age coefficient of the aquifer, provided that natural inflow to the aquifer
is of the same order of magnitude as naturaloutflow. At the present time
(1967), this situation exists in the Harquahala Plains.

Using plate 1, which shows the change in water levels from
December 1963 to December 1966, it may be determined that about 3. 7
million acre-feet of sediments was dewatered in the Harquahala Plains
as a result of the withdrawal of about 560, 000 acre-feet of ground water.
From these data, a storage coefficient of 0. 15 was calculated for the
aquifer. Using thisvalue, the amount of water available from the aquifer
can be computed. Based on the calculated volume of about 49. 4 million
acre-Tfeet of saturated alluvium, about 7. 4 million acre-feet of water can
be pumped from the ground-water reservoir, within the limits previously
described, assuming optimum effectiveness of the removal of water from

storage.

Chemical Quality of the Ground Water

The amount and type of dissolved chemical constituents in water -

determine its suitability for use by plant and animal life. Therefore, the
collection and analysis of water samples are anintegral part of any water-
resources study.

The Director of the U.S. Geological Survey has approved the
change from the English to the metric system in reporting of water-quality
data. Therefore, the water-quality data inthis report are given in milli-
grams per liter (mg/l), degrees Celsius (°C), and micromhos at 25°C.
The terms ‘‘parts per million’’ and ‘‘milligrams per liter’’ are practically
synonymous for water containing as much as 5,000 to 10, 000 mg/1 of
dissolved solids. The exactamount is dependent on the nature of the dis-
solved material. The Survey has set 7,000 mg/1 dissolved solids as the
point above which the difference in parts per million and milligrams per
liter becomes sgignificant. In order to convert data from one system to
the other, a density factor must be applied to the analytical results of all
water containing more than 7, 000 mg/1 of dissolved solids.

L
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Temperature data given in tables 3 and 4 (see appendix) can be
converted to degrees Fahrenheit (°F) by using the following: "

OF OC OF OC OF OC
32 ..., 0 83 ... ... ... 17 94 ... ... 34
33 ...l 1 64 ............ 18 95 ...l 35
34 ... 1 65 ....... ..., 18 86 ........... 36
35 .., 2 66 ............ 19 e 36
36 ... o, 2 67 ... ... 19 98 ... ... 37
37 o 3 68 ............ 20 99 ... 37
38 ...l 3 69 ....... . 21 100 ........... 38
39 ..., 4 0 .. a1 101 .....oonln, 38
40 ... ..., 4 T et 22 102 ........... 39
41 ...l 5 T2 .. oo, 22 103 ........... 39
42 e 6 T3 .. 23 104 ........... 40
43 .o 6 74 ..., 23 106 .........t 41
44 ... 7 (4> 24 1086 ........... 41
45 .. ... 0., 7 6 ... 24 107 ........... 42
46 ......... ... 8 T i, 25 108 ........... 42
47 ... .. 8 78 ... 26 109 ... ... 43
48 ............ 9 79 ..., Ceeeaa 26 110 ...l 43
49 ... .. 0. 9 80 ... ...l 27 3 44
50 ..., 10 81 ... ... 27 112 ... es. 44
5 11 82 ....... ... 28 113 ...l 0 45
5 11 83 ............ 28 114 ... .. ... 46
B3 ... 12 B4 ............ 29 116 ..., 46
54 ... ee.n 12 85 ....... . ... 29 116 ........... 47
55 ..., 13 86 ............ 30 117 e 47
56 ... ..., 13 87 ... 31 118 ... ...l 48
5T v, 14 88 ............ 31 119 .......hh. 48
58 ... 14 89 ... 32 120 ..oiiiinn 49
59 ...l 15 90 ............ 32 121 ..oveeinns 49
60 ....... ... 16 91 ... i 33 122 .. ... ... 50
61 ........c... 16 92 ...l 33

62 ............ 17 93 ... 34
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Table 3 (see appendix) gives field determinations of temperature
and specific conductance of water from selected wells, and table 4 gives
laboratory determinations of the chemical constituents in the water., The
specific conductanceisa measure of the ability of the ions in solution to
conduct an electrical current and is an indication of the amount of dissolved
solids in the water. The relation between dissolved solids and specific
conductance for most fresh water ranges from about 0.5t0 0.7, depending
on the chemical composition of the water; in the ground water in the

Harquahala Plains the dissolved-solids content, in milligrams per liter, -

is about 0. 6 of the specific conductance. This factor was applied to the
field determinations of specific conductance to calculate the dissolved-
solids content for use inpreparation of the map showing generalized zones
of specific conductance and dissolved solids in ground water in the south-
eastern part of the Harquahala Plains (fig. 5). The map shows that the
ground water in the northeast part of the developed area generally contains
less than 500 mg/1 of dissolved solids. In general, this coincides with
the deepest part of the cone of depression caused by pumping of ground
water and may indicate that the water at depth is of better quality. Data
are insufficient to make direct comparisons of water from different depths
at any specific location., Chemical analyses of water from wells in the
Harquahala Plains indicate that the dissolved- solids content of the ground
water ranges from about 500 to more than 1, 000 mg/1 (see table 4 in the
appendix), T

Much of the water sampled is classed as high in salinity hazard

(fig. 6), accordingto the method of classification of irrigation water for-
mulated by the staff of the U. S. Salinity Laboratory (1954). The water
sampled ranges from low to very high in the sodium (alkalinity) hazard
(fig. 6), but most of the water sampled is in the medium to high range,.
These factors could cause problems involving soil alkalinity or salinity,
althoughnone are apparent at the present time (1967). Proper manage-
ment practices of draining and leaching may prevent the accumulation of
harmful alkaline and saline salts in the soil.

The latest recommendations of the U.S. Public Health Service
(1962, p. 8) give lower, optimum, and upper limits for the fluoride con-
tent in water for drinking purposes; the limits are based on the annual
average of maximumdailyair temperature. For the Harquahala Plains,
these limits are 0.6 mg/l (lower), 0.7 mg/l (optimum), and 0. 8 mg/1
(upper). Theaverage concentration of fluoride in drinking water should
not be more than the appropriate upper limit, and concentrations of more
thantwice the optimum value constitute grounds for rejection of the supply.

L. S w . [_
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IN GROUND WATER IN THE SOUTHEASTERN PART OF THE HARQUAHALA PLAINS.
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Fluoride concentrations in the water sampled in the Harquahala Plains
range from 1.1 to 6.0 mg/l, and most of the water is not acceptable for
drinking purposes (see table 4 in the appendix). The andesite and basalt
that crop out inthe mountains contribute large amounts of fluoride to the
water, andthe highest fluoride concentrations are in the water from the
wells nearest the mountain fronts, particularly at the south end of the area
(fig. 7). In the central part of the area it is probable that wells drilled
to greater depths than the existing wells also will yield water containing
large amounts of fluoride,

Summary

The climate in the Harquahala Plains is arid, and precipitation
is inadequate for raising crops; therefore, the ground-water reservoir
is the only dependable source of water for irrigation. The first large
irrigation well was drilled in 1851; by 1954, 7, 000 acres of farmland was
being irrigated with water from 20 wells, and by December 1963, about
33,000 acresof land was beingirrigated with water from about 100 wells.
In December 1966, 39,500 acres was under cultivation, and about 120
irrigationwells were in use. Most of the cultivated land is in the south-
eastern part of the area.

From December 1963 to December 1966, the water level declined
as much as 50 feet in a large part of the developed area. During this
time, about 3. 7millionacre-feet of sediments was dewatered as a result
of the withdrawal of about 560, 000 acre-feet of ground water. These data
indicate a storage coefficient of about 0. 15 for the aquifer. About 7.4
million acre-feet of water is available for withdrawal from the ground-
water reservoir in the southeastern part of the Harquahala Plains.

Chemical analyses of water from wells in the Harquahala Plains
indicate that the dissolved-solids content of the water ranges from about
500 to more than 1, 000 mg/l. The fluoride concentrations in the water
sampled ranged from 1.1 to 6.0 mg/l, and most of the water is not
acceptable for drinking purposes. The highest fluoride concentrations
are in the water from the wells nearest the mountain fronts.

————
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Table 2, --Drillers' logs of aelected wells in the Harquahsla Plaine

Thick-

Thick-
ness L;Ep:h ness Depth
{feet) {feet) (feet) {feet})
{B-1-8)4bbb
Silt and caliche ... cavtivenerranriarrrancrrnanse 50 50 j| Cemented conglomerate......coveivuniavrnrsraans . 11p 915
Clay ang gravel ; 100 150 j| Broken sand and conglomerate ..........eevisuases 85 1, 000
Roek...,..... . 250 400
Conglomerate 405 805 || TOTALDEPTH............ feedesibsaenas 1, 000
{B-1-8}8aaa
Surface silt and clay .., 89 B0 [} Btreaks of clay and sand 72 550
Sandyclay ....covuvuns . 40 120 || Bard sand .., ......... e . 83 633
L - T 22 142 || Gravel, soft. 100 iusiiirases 17 850
Clay with small streaks of gravel ........ AN a5 238 [} Coarse gravei , e mierarisar Ay 108 758
Sand and gravel .... 134 372
Malpais and sand . 83 435 TOTAL DEPTH ... .c.iuuvnantnsanriannirrnansnnns ‘158
CIAY vuvarrannestsnararronoisnrrsaseanrranrasss 43 478 .
(B-1-8)tcbb
Clay .oovveennnn. 286 EoE | 15 800
Softsandyclay........... 15 300
Clay with streaks of sand , 400 700 || TOTAL DEPTH ......... e sesErrerE ey 800
Gravel ,.uviiiesiiiiiaennan 85 785
{B-1-8)19abh2
Clay v.vavvvnnns 185 185 || Clay vvrvene e nmrerannicairnneirancarnseacnaiann 125 460
Sand with streaks of clay . ferteneraaaran 15 200 || GEavel iiuusiiassiisiasiasasastanastsasstsaasiaas 25 485
L 125 325
Gravel .. .. i iiiisanniirsnnirssirnartanarnnrasan 1a 335 | TOTAL DEPTH .., .0t evsurrannrcanranssnnraansnans 485
(B-1-8)19bce
28 28 Gravel .. .iiescuiisnnraarnrneirrntaannnarnsaaanes 4 460
13% 165 || Clay with gravel ....ivesirrnriersretanrarrrotansss 82 522
3 168 || Cemented layers with sand and gravel between
100 288 layers s.uivaniiansas 112 634
12 280 || Clay withgravel .. .....ciavenuva 18 652
ClAY vuvrrrroncorrnnnnennan 51 331 || Cemented boulders with layers of aa.nd and gravel ,,. 48 100
Gravel .......c000uess 14 345
Clay .. 111 406 || TOTAL DEPTH ..uivivntisanrsanerancersnearssans 700
(B-1-8)3lece
B i iisiri st e 60 80 || Well-rounded pea gravel and coarse pand, All
Sandy silt, poorly-moderately rounded ............ 10 0 voleanle |, i iieriearrinrirarriaarirarrranianan 20 aTo
Caliche cemented sandy silt ...... 20 90 || Same but more fine sand and some silt .. 10 380
Sandy silt ,...... e eieasatsaer e s 50 140 || Silty, voicamnic, pes gravel ......ciess, 40 420
Sandy sill, sand grains 50 percent, lavas 50 percent Same ag 380-420 but less &ilt ....... 20 440
granitic, maderate rounding ... . ieiierieeanas 70 210 || Same ag 380-420 but more silt .....ciiveiiiiariiaa 30 470
Moderately well-rounded sand and pea gravel, Same as 380-420 hut less silt ... .. 10 480
gome silt ,....... 1¢ 220 || Same as 380-420 but more silt ......... 10 480
‘Well-rounded sand and pea gravel, 75 percent Same as 380-420 but tesm Bilt ........... i 190 LD
voleanje inorigin ... o iaiennann 50 270 || Same ag 380- 420butt‘inerandmnresﬂt............ 80 580
Well-rounded sand and pea gravel, 90 percent Bandy Bilt ..veirueirrraiirannriran 10 570
volcanic inorigin .. ..vuviianesnnrenns 40 310 || Sand and gravelly silt ... 10 580
Same as 270-310 but more silt .. ... i iianiaanes 30 340 || Gravelly milE .. ui e iiiiariiinsinari s 20 600
Same as 310-340, Contained layer of caliche-
cemented Bilt . ioiiisrnsnannnann 10 350 || TOTAL DEPTH ... 0vivsverarrrarvrareroorerarens 600
(B~1-9}1bbb
Surface silt and sand _____ 100 100 Clay with streaks of sand ........ 33 1,138
Brown clay ...ouvevnanns 500 600 || Sand and gravel .......cov0a.n 82 1, 220
Sand and gravel ... ..asecroneiieissariinnsranas B 88 638 || Sandy clay ..... 60 i, 280
Sand and streaks of clay ..... 48 736 {| Sand and gravel ....... 258 1, 536
Brown clay ,..... ‘. 14 750
Sand, variegated ... 310 1,060 || TOTAL DEPTH,,........ 1, 536
BAnAY ClAY v uvissrssasnnnrrasnsrnsannrrsarsanssas 45 1, 105
(B-1-9)Tcee
Surface gilt and sand ... veerravarsiissraannira 220 220 || Gravel with stresks of boulders ......vvveeaarvainns 300 1, 020
Clay with gtreaks of gravel ..... PN 220 449 || Sand and gravel ... .iiiiieieierranreranreaans 320 1, 340
FINE BANA 4r v rears cnarrannn . 40 480 || Good gravelwithstreaks of granitic boulders ....... 360 1,700
Good gravel .,.,.... 100 580
140 720 || TOTALDEPTH .,.,.\c0veuun. 1,700

Good gravel with streaks of clay ..,..
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Table 2, --Drillers’ loga of selected weils in the Harquahala Plaing— Continued

Thick-

Thick-

Depth Depth
ness [31:4:5:
(teet) | (feet) (feet} | ‘feet)
(B-1-8}10bbb
Mixture sand, clay, and gravel ...., 180 180 Clay (red) oooueeesrrerrrrnnnrrannas 652 i, 310
Sand and gravel—water at 180 feet ., 70 250 Sand and gravel—medium-sipge gravel ........00000 474 1,784
Clayand gravel ,...ovvvinr-rerines 55 305 :
ClaY ovvennverannninn .. 155 4680 TOTAL DEPTH ... .ivaiiasuniroancssnnsosnnrsonns 1,784
Claya.ndlitﬂegravel............................ 188 6858
{B-1-8)12¢bb
Surface gand ,,.... 50 50 Gravel and sand,,...... 350 1, 500
Brownelay ....ooviivnnnn . 775 825 :
Variegated gravel and Band .....uuvsunes 255 1, 080 TOTALDEPTH . iiviiiiannensanninanninans 1,500
Brown €lay ..ouisuriinareiranriranensneennrarroras 70 1, 150
{B-1-8)13bbb
Sand ,....... 20 20 Ciay and gravel , 80 600
Bandy gravel .. 220 240 Gravel ..ovieone. 70t 1,307
Clay voiinnnnnas 83 323
Clay and gravel . 187 510 TOTAL DEPTH ..iivuvrrunnravaantranssssn 1, 307
BoulderB o uvvusraiisnrsinssiiresinssinrernrserns 10 520
(B-1-9)15abe.
Surface 8and .. .uvianrrianrerinsrrnartenrenrinns 100 100 Coarse variegated with small gravel ......000vavs-- 22¢ 1, 500
Brown clay with streaks of fine sand . T80 880 Coarse sand, varlegated with amall gravel..... PPN 214 1,714
Sandy €lay ..eceveininianisiiasiin 120 1, 600
. Btreak of clay and codrse 88nd .....viviuusssaninns 280 1,289 TOTALDEPTH,......... 1,714
(B-1-9)7bba
Surface siltand sand .. ...cvrnrrrarrrarriararrais 20 20 Clay with stresks of good variegated gravel .., ...... 80 200
Fine sand and caliche ,,,, vaes 20 40 Clay and variegated gravel ... oo visancoraninrnras . 40 2490
Pea gravel s.iuerivarrirre: . 40 80 Boulders and gravel with streaks of elay ........... 40 280
Coarse sand and gravel .... 60 140 Variegated gravel and houlders ......ceevuuee 120 1,190
Gravel with streaks of clay ., 4c¢ 180 Very good gravel with streaks of boulders .. B 120 1,220
Gravel .......... 40 220 Boulders with streaks of fair gravel ... 160 1,360
Clay with small streaks of sand ........ . 240 460 Same ag above only finer ........... . 80 1, 460
Very good gravel with atreaks of elay ,...,...v0.-- 200 680 ‘Tight fine send and granitic bouldera............... 40 1, 500
Muoatly clay with atreaks of medium-gize gravel .... i00 760
Clay tvvertarurriaarseonnssnnes 80 B4 TOTALPEPTH ..o vivnnrvnnannnss 1, 500
(B-1-8)17chb
Surface BANA o .. civarriannnrnnns 20 20 Gray 8888 Juveiiarririoanionns e aaiarar e 60 1,320
Fine gray sand ....... 220 240 .. 160 1, 480
Silty clay with streaks of gravel . 420 660 15 1,485
Clay with light atreaks of sand .......... . 280 940
Sand with light streaks gravel .....v.eoeviiauisan 320 1,260 1,485
{B-1-9)18bcc
TOPEOIL 44 1vavssennrenaanranninsiiisitisrinnases 45 45 | Hard sand ..ovveeiieaennns 150 1, 280
Clay overusare 285 330 Dark ahells and boulders ... 110 1, 390
Fine pand and €lay ....uverssnranes e 240 570 Coarge.gant ....vsnusrarnrs 95 1,485
Sand and gravel ...... 180 780 Cemented €80, 1 orruerrercannaoan 15 1,500
Bilty sand ,...0000000 150 91g
Gravel and boulders . ...coveesinaers 220 1,130 TOTAL DEPTH ... .. uiiuviuisussiaasesnarnnnssanns 1,500
{B-1-8)21bcc3
Surface BANA ....uscisuscrnnorrnacarastdnbobiaais 40 40 Coarge gravel with sand streskB . i.vveyinvrianrinas 180 L, 200
Streaks of gravel With clay ..vesvevvnnases . 180 200 Fine wand and gravel with gand streaks....... 20 1, 220
Clay and £ine 8ilt ,.ueuerrrnneracisssncnss . 300 500 Fine gray sand with gravel streake .,.,...... 40 1, 260
Clay with gravel streaks, fine ailt ....... . 40 540 Gravel, coarse gand ,,...,.ecriiauuiaraness 1406 i, 400
Send, with gravel Btreaks ...coeearenas . . 160 700 Fine gray sand with gravel streaks .......... 100 1,500
Gravel with ¢clay streaks, fine silt .., .. . 80 T80 )
Gravel and small bouldera .....,....... . 80 B40 TOTAL DEPTH .. ... . i ieiiiinanettnarsorrinrs 1, 500
Clay with streaks of sand and gravel ....coueessnes 200 1,040
{B-1-9)23bec
Topsodl ..o.iiveseviranrnnns 5 5 B, ileiearer e R P 430 815
Sand and rock ... 7 12 Gravel and rock ...iveusenionrrasnservornranriaan 200 1, 105
CLBY vecernnnens 113 134
a8 180 TOTALDEPTH ....0vviriainnntinnrsninerinarones 1,105
185 385 .

.
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Table 2, --Drillere’ loga of zelected welis in the Harguahala Plains— Continued

Thick- Thick-
ness 3ep:? ness Depth
(feet) € (teer) | . {feet)
(B-1-9)28che
Surface sand and clay .. ..., iiuriiaiiaarirnrrioans 50 50 Red bed and sand, gravel . ....oiiavrianerinneinnns 110 823
Clay and sand ,,,....000n.. . 290 340 Red bed and hard sand, gravel .,, . 82 1, 0t5
Sand and rock, fine gravel .. 200 540 .
Fine sand, small gravel . ag 629 TOTAL DEPTH .. .ivtiiniaasi s ianiausiinsornnens 1,015
Hard sand, small gravel ..., oviiueennnn. ves 184 813
(B-1-0)38¢cce
Surface sand and gravel (... uuvianvaanraaiarians 40 40 Decomposed granite with sand and matpals strezks .. 320 960
Sand and gravel .., 100 140 Giray sand with gravel streaks ... .. ovirrrernnraran &0 1, 020
oY i iviiiivacstansriranntnaensnraans P 180 300 Malpais with sand and light gravel streaks .....,..,. 110 1, 130
Clay with hght streaks gravel ........... Ceit e 80 3so -
Gravel with sand streaks , - 120 500 TOTALDEPTH .,............ e e a e 1, 130
Gray sand streaksmalpals Crearraretrira ey 140 640
{B-1-9}28cdd
Surface sand ..,. ] 85 Variegated sand and boulders . 550 850
Sand and gravel 66 130 Hard fine gray sand ............. 148 906
Brown clay with streaks of fine aand ........ 40 160
Brown clay with streaks of fine silty sand .. 140 300 TOTAL DEPTH ...... e ab e e 398
(B-1-2132¢cc
Surface silt and sand ........ 20 20 Same gravel with streaks of ¢lBy ... .ooviiviveranes 207 694
Sand with streaks of caliche ... . civairenans . 40 50 Streaks of gand with some boulders . 26 720
Sand and gravel with streaks of boulders ......00u00 C 220 280 Same as above but fine and tighter .......0vivueasns 286 986
Boulders with streaks of houlders .v.vvivanviasnns 40 320
Very good pea-size well-rounded gravel ........v.. 167 487 TOTAL DEPTH (. .viiiisiansiisonvnariasninninans 986
{B-1-9)34dec
Surface ¢lay vuiiveanas 25 23 Sand, with streaks of hard shell ,....,............. 15 583
Sand, gravel, and clay . 123 148 Sand, with streaks of very hard shell ...... 45 628
Sandandgravel........ 3 185 Sand and gravel ....... 55 683
Clay ,,... 16 195 Sand and gravel ... oiairs. 87 780
Sand and gravel ,.. 135 330 511 32 812
Sand L, ... .aneenan Ce e asaaas 61 391 Red shale ...cvivinvrannrrnnererias . 33 845
Sand and gravel, with a little clay .., pan k] 480 .
Sand and gravel ..... [N 88 568 TOTAL DEPTH......... 845
{B-1-9)35ded
Topsoil o,y eveernmaennnn i beai i ea e 30 30 Sand, gravel with gireaks of clay .,...... 85 605
Shale and sand . ... i 92 122 Gravel and clay ,,.,..... 95 700
Sand ... iiareinar e rarsaaaneann 18 140 Clay cocviiiienians 114 814
Sand and €lay ...ieennanan Cisaraany 110 250 Rock and elay .....vuvunan 61 875
Sand and gravei, with streaks of clay 75 325 Red bed and thin shells of red rock .....0ieaieae 21 B26
Sand, gravel, and shale ,........ 76 400 Redbed ., ..ovvrnnninnn i 14 310
Sand and gravel ..... 60 460
Sand and red shale ... 80 520 TOTAL DEPTH ,...cvvvierranninnes 910
(B-1-10)1lcece
Topsoil ...oaviirs 3 3 Clay, small atreaks gand , 88 708
Hard sand ., 23 26 Hard sand . .uvanvinaniarss 12 720
Country rock ..oiea 148 174 Boulder bed ... 2 722
Sandy clay—firm , . 21 195 Hard sand ...,.. 48 770
Sandy clay—flrm ,...cvivsnreriarveraainnas . 17 212 Looser sand . B ki)
SaNd .u.eveseraras 123 335 Sand, granite .....iiiineeinn 17 792
Looae sand ,...,.. . . 20 356 Boulders c.ouvsnissnins 1 793
Sand, streaks yellow elay ...vevevenr- . 21 376 Granite gravel ..... ees 73 866
Sand, elay ....... . 4 410 Granite gravel ... .coisvreranrrrrirerrnneann: 52 918
Sand ,.....00nv000m00 50 460 Granite at 918 feet,
Sand, sireaks of clay , . 10 530 . . _
’ 990 620 TOTALDEPTH .. ...vinvinnnnss 18
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Table 2. --Driller':‘ loge of selected welle in the Harquahala Plains— Continied

Thick~ Thick-
nel:s Depth hess Depth
(feet) (feet) (feet) (feet)
{B~1-10)idde
46 45 Sand ..oi0ue 35 1,481
Sand and gravel ,.....ieriiriircnrnarsiannaners 108 153 Hard sand ... 39 1, 520
Sand and small boulders and gravel and ptreaks of : 7 Sand ........ 48 i, 568
ClAY v vrnvenrrsnarsreranrranerinan 32 158 Sand and gravel .... 52 i, 620-
Sand and clay - 309 494 Sand ..... PN 54 L, 674
Gravel vouiiuiiiirann 94 588 Gravel ,...vieaariins 21 L, 885
Sand and some clay ... 218 804 Bandy clay ,vveevvvennceracns L7 1,712
132 9186 Sand, gravel (quartz)......... 75 1, 787
98 i,m2 Gravel, with streaks of clay ........ 30 1, 87
109 1,121 Sand and gravel with streaks of clay . 102 1,919
52 1,173 Gravel with streaks of hard sand ... 43 1, 962
39 1,212 Sand in hard streaks ,,,......... a3 1, 895
27 1,239 Malpais and QUATtZ , ... cisuueiraniisssiiansaranse 15 2,010
91 1,380 .
50 1,380 TOTAL DEPTH .ouveesivananirans 2,010
Gravel ...uveaiiesansnrratrivernorasnssnsataanss L] 1,448
(B-2-8)17caa
Silt and caliche ......ovviuunnans 150 150 Broken conglomerate, water bearing ,...,,.0c00.0.0 250 1, 160
Drygravel .....viniuss 5 225 Sandy congiomerate, water bearing ., PPN 260 1, 400
Conglomerate-—water .. 283 488 Clay, streaky conglomerate ,.....,.. ereraaens 250 1,650
Malpais ivraniiannaineirniiies . 262 750
Conglomerate, WAter BEArINg . ivs e riasritanas 150 e TH] TOTAL DEPTH ,.,..... P T, 1, 650
{B-2-8)17daa
Surface sand and ¢lay .....nuins 85 85 Red éa.ru:l rock and amall boulders ... 20 420
Sand gtreaks and elay c..oivieiiir e 135 220 Boulders and gravel .......... . 3o 450
Surface water sand .....evnvcvarrraens . . 5 225 Red gand, rocks, and boulder ,,., 20 470
Streaks of sand, clay, and gravel .........00iauusn 65 280 Malpais boulder and gravel ..... . 40 510
Small boulders and cement gravel . ouvvivarrianisn 20 300 .
Hard rock and big houlders 20 320 TOTAL DEPTH ..... s aa e Careas . 510
Malpais boulder and gravel ...ivveissuvinarairarars 80 460
(B-2-8)L9cee
Surface gilt and sand ....... i er e tidsvsasissseaas 20 20 Gravel and boulders with gtreaks of ¢lay .....o.vuvas 2690 1, 020
Gravel and o8lich® ... . venervsrvrasnsrnnssnnrnas 80 100 Red and biack malpais boulders with streaks of
Clay with streaks of gravel .., . 200 300 Bravel svuvasenrranans e e rer et et ar e 520 1,610
Grayel with streaks cof bnulders ........... 200 500
Verygnndcoarsewellroundedgravel............. 260 760 TOTAL DEPTH....... e eeisassaseriraaranariian 1, 19
{B-2-8)19daa
Topsoil uuyvevereiaaneens Cesridennevenniaany e 10 10 Clay, gravel, andama]lbt;ulders........... ....... . 135 825
Sandy clay with narrow streaks of hard sandstone, Malpais rock with broken strata .......c00viaurenns 125 950
Seepage water at approximately 90 feet; water level Broken malpeis rack with strates of red sticky clay,. 240 1, 180
At 290 Feet suiuurvasnnivesrsanriiaaresnntorseens 240 2590
Sandy clay and some gravel ,.......c0cineiannn 440 890 TOTAL DEPTH .0 iiivr e rrraorrraarsrarmcnansans 1, 190
(B-2-8)27baa
Loam and caliche .............. Cerererarirrreree 215 215 Layers of white clay (sticky} and layers of red clay
Bagalt ....c000une feerirrararneaan 80 285 with voleanle roek ., . v .. 48 868
Red cemented conglomerate ...... ... PR 430 725 Hard formation, red in appearance, at 868 feet.
Layers of white clay and conglomerate . [N 75 800
Cemented voleanic deposit ....... 20 820 TOTAL DEPTH .,.cvivsvnrannnnns N 8638
{B-2-8)27bba
Loam and CBLIChe | ....ivarrrerarisnnniausiaisaias 300 300 Black volcanic roek ., urrrrrrriarrrrrarrirensanen 52 t, 052
Hard black rock ....vreerencnesissastvanercansios 185 465 Redelay ...cooevnncnnnn 51 1,103
Clemented conglomerate, small gtreaks of sandstone, Gravel with some ¢lay ....oviuvnivannneasr pemansanan 17 1, 120
about L inch thick with §-inch layers of sand .
undertesath ... uisiurinersrriasractiasisinsiaas 535 1,000 TOTAL DEPTH . ...iciimirismnrnnnnnan heemmanan . 1,120
{B-2-8)29abb
Surface sand and Bilt seevrrevcsrcscssiensresnnrnr 20 20 Small variegated gravel ... ... iieiienibaenenann 40 880
Cley with gtreaks of gravel . 180 180 Red clay with layers of volcanic formation .......... 260 1,140
Brown CIaY .evenervnreonnn 100 280 Coarse varjegated sand embedded with houlders,,... 110 L, 250
Gravel with some Douldera ,.uevveesasnsarraasnnn: 240 520 Red clay embedded with boulders ...........0u0uaue 110 i, 360
Black voleanic formation with some rounded gravel.. 120 640 Small variegated sand L ...iiiiiianiiene i 300 1, 669
Coarse black volcanic sand and gravel ,,......v a4 70 710 )
130 840 TOTAL DEPTH . 10triennerrcmrsnnrenancaroneeans 1, 860°

Hard red clay embedded with black volcanic gravel..
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Table 1. --Drillera' Jogs of selected wells in the Harquahala Flains— Continued

- Thick-
?;i:: Depth riess | Depih
(feet) | eV (reery | oY)
{B-21-8)3lasa
BUXfACE 81 1ot 'viteeresransastesieresianananss 20 20 | Malpals .o ouiesiiivereseetiaae e aneenenans. a0 1,000
Sand with streaka of gravel .. 240 280 T .. 120 1,120
Gravel with streaks of loose 8and ..., iverueesres 220 480 Gravel with thin gtreaksof elay .............. 98 1,218
Very light streaks of clay with sand and gravel ..,.. 80 580
Sand and gravel .. ....iciuiieieiannaianasinnrsias 280 840 TOTALDEPTH ,,.vvviantirasrrrntarraranrrnannns L, 218
Sandy clay, with stresks of hard sand ,....vvaveran a0 920
(B-2-8)31baa
Surface 8and .. oiiunianns fetaymaanreanrran, 20 20 Malpais and gravel ,...,.,..,.. 80 1, 000
Sand with streaks of gravel and clay . . . 240 260 Sapd ., ... .o i e 80 1, 080
Sand with ptreaks of loose gravel ..... vana a0 310 Hard brown €lay ... oosvavsuan 40 1, 120
Alternating streaks of clay and sand , . 11 480 Vapiegated sand and gravel ...... 80 1, 200
Sand with light streaks of clay .,. . 80 - 580
Sand and streaks of gravel .... R 292 852 TOTALDEPTH .,,.......... P raren e aran 1, 200
Handy Clay .\ vusiinniransransarnastraasiaitir s 58 810
(B-2-9)Tabb
Clay toueiinasinansrnnstnaritnrasanassngrassnans 1, 380 1, 380
Sand ........... emeennan ereaans 312 1,692 TOTALDEPTH ..................... 1, 692
(B-2-9)9abh
ClaY o ireeiiiaenieaanaas . . 98 98 || Sand—water sand .. ........iiiiiiiiiianiieaaas 310 1, 160
Sand (some water}, .. . 32 130 Clay and stresaks of sand .. 220 1,380
Clay—water sand ,,. . 440 §70 Hard 8and ....iuvvrannens 186 1,540
Sand-~water pand ,,.. . 35 605 '
Clay and sand rock-—water sgand . 245 850 TOTAL DEPTH ... 0vviieeranntnoritansssnannnans ‘1, 540
(B-2-9)11bbb
Surface 8and , ... sarrracmrrrivrerrrerrrranreenns 90 80 Brown clay .. 45 745
Brownclay .....ianevvecenrnaensn . 310 400 Sand ....... . 75 820
Sand and small gravel ..............c... .. 100 500 LT -1 L S 340 1, 160
Brownclay ........0000. ‘e 10 510 Bluigh-colored malpaif oo, ve.s e 280 1, 440
Small gravel iuveisessrsnisisniaarrsaastsessrsens 50 560 Malpais embedded in red clay ....... eeraraearaaaas B0 1,500
Brown clay ...ocveuesisnriannraantsannnsanas 15 575
Graysand ......... 125 700 TOTALDEPTH ... it iiaiianiinaan PR 1, 500
. {B-2-9)Y1Lekb
Surface gand and €lBY ...vvsronrnns. 80 80 Coarse pand, red and black ,....vvvivnrinrrrinnras 440 1, 360
Bmwnclay,.................. 80 160 Sand with streaks of clay ..., 60 1, 420
. 300 460 Variegated sand ....,....... 85 1, 505
Coarse sand and streaks of clay Cereensaaas ' 120 580
Variegated sand and gravel ....oievivnnnnns . 400 980 TOTAL DEPTH ... uvvvuravarsorrovarsorattoresan 1, 505
Tight fine sand ,..,..cnrrerenrnnananen feaes e 140 1,120
{B-2-9)13baa
Sand and gravel . uuveenraserssnrennns 90 90 || Sand and gravel ..........ciiiiiinianeiaaann. 25 445
Hard sand, some gravel .......... 50 150 Cemernted conglomerate ... 10 455
Very hard dry sand and clay ....... 40 180 Hard sand and gravel .......... . 30 485
Sand, clay, and coarge gravel ,.... 35 225 Clay cooeuiaravussanioaas 2 487
Coarge gand, atreaks of clay ...... 70 283 Conglomerate., . 4 491
Clay ceivaanns . 5 300 Clay, sand, and gravel ... 10 501
Sand and clay ....ua0 PR 12 312 Cemented conglomerate., .. 3 504
Dry clay, hard ...,.. s 3 343 Sand and gravel ,,. 10 514
Clay and gravel ,.,.,000ecennn 21 364 Coarse gravel . ....vverrrnrannrs 38 550
Water gravel and coarse sand .....i0000 16 380 Boulders, gravel ..,,.. 50 . 800
Malpais, hard boulders ......uvienensa 3 383 Hard 1ava .., v0veneerenes 3 603
Wash gravel ....icviviunsaan 22 405
Cemented sand and clay ... ..nevreairasrirscerrane 15 420 TOTALDEPTH (. vivviisttnnrtantrarasssaasvena 803
{B-2-9)14bhb
Surface sand and elay ...... 94 94 Hard Band ... evviveersersnnrronciarsnnsnoncns . 180 1..250
Sand, streaks clay ......oveees 134 218 Sand, streaks conglomerate with clay atrEaka ....... 100 1, 350
Sand, clay, streaks of gravel ., 232 460 Hard brown sand, shelia, conglomerate ........ . 99 1, 4489
80 540 Hard phale, sirecks send and ghells .. 31 1,489
120 &80 Very hard brown gand .............. 50 1, 530
Cemented gand, boulders .......ccivvusrnnrasnners 180 840 :
Hard sand, streaks conglomerate, small boulders .. 1490 980 TOTAL DEPTH ,, ..ty cvnnvriansrarsransvarannnes . 1,530
Hard sand, streaks hard ¢lay ....coveevavniesiaens 80 1,060
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Tehble 2, --Drillera’ loge of selected wells in the Harquahala Plains— Continued

Thick-

Thick-

Depth 58 Depth
(toety | (eeth (eeny | (et}
(B-2-9)23a0a
Surface 88nd .. .... e rivaieirre e rrerrierar e, 20 20 Sand and gravel .......c00nnuns 180 1, 380
Sand and gravel ..... 140 180 Fine sand with malpais streaks , 40 1, 420
Fine sand with light streaks of clay .. e 180 340 Fine sand ......covvvvvnnnrannnnes 1] 1, 500
Sand and gravel with streaks of'clay.. Ciesaiasan 2890 820 Coaree gravel with sfreaks malpais ,.,.,... 40 1, 540
Gravel with malpais streaks ....oovviunviarivraans 140 780 Malpais o uvveuurinsnisiiscinmnaeioan 120 1, 860
Sard and gravel ......... 189 940 .
Ma}paiﬂvd.thlandstreaks.............. 80 1,220 TOTAL DEPTH .. uuiuuyniaansitiassiissaaniosnns 1, 660
{B-2-8)23abb
Surface sand and gravel ..., vrviareravrrarerianren 20 20 Fine gray sand with light streaks malpals .,......., 220 1, i20
Fine sand with streake of gravel fiaaa 40 [ Fine gray sand with gravel and mnlpnis . a0 1, 200
Nogample ...ooviiiiisnsransians 80 120 Very fine gray sand 60 1, 260
Clay with gravel and sand streaks ............ 380 500 e 120 1, 380
Sand and gravel with streaks of malpais ...... 180 880 Gravel with gand and malpaig Btreaks ,......00v004. 128 1, 508
Gravel with sand streaks .,....,... deveranans 60 740
Malpais with gray sand streaks ... B0 820 TOTAL DEPTH ............ 1, 508
Gravel with clay and sand gtreaks .....vovvvnesnsss 80 800
(B-2-9)26bbb
TopROIl 4y ieervanrvanarrnarasnnrnsarrnnrannnsnan 25 28 Red gticky clay ..viveeiisnninnneinanes Ceeraenus 3 1, 045
Clay and gravel ,,,, 35 80 Black rock and gravel ., ., 5 1, 050
Red sticky clay .. 85 125 Clay, some small gravel, .., 100 1, 160
Sandy clay . .o0uy. . 80 205 Sticky clay ..viiiaannvanans 70 1,220
Red sticky clay ....... P . 17 222 Gravelly clay . . . 13 1,238
Sandy clay ...ivviiincisaans 8 230 Sticky clay ...... . 11 1, 244
Clay ...... . 200 430 Hard gravel ... .ieviinenitnannnnns 12 1, 258
Sand, little water ..... T 437 Clay, gravel,.....uvivennas Creenaa 18 1, 275
13 450 Sticky €lay .vcvvvenerraners 46 1,321
7 457 Black gravel and sand ..... f hraren 5 i, 328
17 474 Sticky clay sovivsnvireiieas 25 1,351
8 482 Hard sand .. . 14 1, 365
Red sticky clay .....,..... &8 550 Clay...... 96 1, 461
Clay .vuvernanaen 101 ' @51 Red shale ..,. 13 1,474
Sand .e 4 655 ClAY vvnvanerrvrnanns 61 1,535
Sandy clay .. ..... B3 718 Gravelly clay, hard .......... . 55 1, 580
Sand and water ., ... 7 725 L 105 1, 685
Clay vvvrrrrreremnrnn-r 25 750 Black sand ......cvvnuvs 3 1,698
Sandy clay and gravel ... uiiierernantanniavniann 208 058 ClAY ovpeeanivens . a¢ 1, 784
Red elay ... 0000t o . 22 980 Black sand {lava} .. o 3 1,787
Sandy clay, gravel .,.. vriran 33 1,013 Cla¥ o v vvaasnvasnnaarsas .. 23 1, 810
Coymposed black rock and gravel .. .......c...oou.n 4 1,017 Black sand, hard (lava} . .......cc0vveunnas PN 10 1, 820
Clay and gravel ...... 13 1, 030
Black granite and gravel ....ovviiinaiiiiiiananas . 12 i, 042 TOTALDEPTH ...............cuu.n Ferasresrrnes 1, 820
{B-2-9)35cbb
Topeoil ....cisussainiannnvnsg 5 5 ROCK tiuiiisuntisuncisnscirnstiansinsasessasenan 10 708
Sand and gravel ..... 11 16 Clay with gravel—gome water ......... . 185 880
Clay vuvvvreranntasnersres 159 175 Gravel with large rocks—good water........ 30 320
Gravel—{irst water ,.... EE] 208
Clay with some mica ..... 472 880 TOTAL DEPTH ....viiivsiisneiraronansrtosninnas 820
Sand and gravel-—some water Siaeriarar e . 15 695
(B-3-11)8cac '
2 12 12 Cemented clay and gravel ., ..coveavivarnsernne 20 530
Cemented clay and gravel ,...overeen a8 110 Sand and gravel ,....00nves 12 542
Hard cemented clay and gravel ,.,..... 160 210 Cemented clayand gravel .. ......ciiuvurianairanns 12 354
Very hard cemented clay and gravel . ieiiaaneen 120 380 .
Cemented clay and gravel ......cceeennrascnnanans 50 440 TOTAL DEPTH .. .0vunniennnss reameniaras 554
Very hard cemented clay and gravel .. ...oevrvaneis T0 510
{C-1-8)6ece2
Sandy loam, caliche .., .c.ciiiviranecareraarerss 20 20 Intermittent streaks clay with streaks of sand,
' gravel, conglomerate ,...... PR ereens 820 800
Gandy clay . ouvuuiiisisi i e et 110 130
50 180 TOTALDEPTH ... 0uvneinnniasn resunraae 800

Small gravel and sand ......
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, Table 2, --Drillera’ loga of selected wells in the Harquahala Plains— Continued

2 T e ek | e
(teety | (feet} (footy | {teet)
{C-1-8)14ndh
TapBodl st iai i iin it rsar e rateatnans T 7 || Clay and shale, conglomerate ,......, 20 450
Hardpan...... ' 9 ] Boulders, quarts, malpais rock ... 70 820
Malpais sand .., 4 20 Hard conglomerate, streaks of sand ... s 85 815
Silt, asand, hard streaks ... 85 85 Blue malpais rock and boulders, .......c00.0uey .., 93 T08
Gravel, sand, boulders . 100 185 ’
Gravel, sand, boulders ,,.. 175 kLU TOTAL DEPTH ... iiuniiiieanrnensaoieinrerersns 708
Malpais rock, quartz rock .....evsveviancisainien 70 430
{C-1-8}14ddd
Sandy soil ,..,.0viivsinns [ ] Clay and ToCK . uyseunrnaniiiarannrrronrreosnees 75 420
Sandy clay .. vveranrninns 19 25 Looge rock ..., et abite et ian ety 5 425
Clay and rock ,,.,. 15 40 Clay and rock ..,........ 75 500
Roeck . .oviprnvens . 10 50 Very hard rock and voleanic ash moumai.n top at 500
Loose rock. First water 80 feet , as 135 feet, Had samples run by geologlet ,,.,........ - 27 527
Clayandrock .................. 140 275 ‘Volcanic ash and rock ........ 24 551
Looge rock .... 85 330
Clay and rock ., 10 340 TOTAL DEPTH .., ........ 551
Hard rock ...... 5 345
(C-1-8)L8dce
Surface fill (soil) .......... e ire e 35 35 Red majpais, alternate layers red conglomerate ., ., 95 440
Red conglomerate (cemented), " litite water in hele. .. 50 85 Very good water-bearing gravel ........ceuvvui.... 12 452
Alternate layers rock and water gravel and sand, Hard rock (red and black), This formation seemn
Lots of water in hole .., . iiiiinianiniainannya, 25 110 to have faults or crevices at various intervais ,.... 133 585
Red malpais. ...vuanvirvnnnrsrnnnnsaan 110 220 ) . . -
‘Hard red rock and lava-looking rock ........ 125 345 TOTALDEPTH .............. st taeraenn 585
{C-1-8)}17dch
2 2 Red clay and rock ........00.u.. 45 365
. 13 15 Brown clay and rock ...,. 150 515
Red clay and rock .. 114 124 - || Hot red clay and rock ., 115 630
Loose rock {water} ............ 1 130 Redelay ...uvviveiiivnnnnnnns 180 820
Red clay and rock .. 50 189 Red clay and rock ...... 25 845
Loose rock {water) . 1 181 Red clay ....... eranes 40 885
Red clayand rock .. ......... 24 205 Rock and clay {(water} ., 20 905
Foosge rock {water) ... iiiieiiiiaarannnaa. 5 210 Brown and ved clay .... 75 a0
Red clay and rock ...... . 80 260 Brown clay and rock ... 35 1, 05
Loose rock (water) ..... 2 282 Grayelay ........ .00, 2 1,017
Red clay and rock ..,,.. 18 280 Loese rock (water) ........... 18 1, 035
Loose rock {water} ........ 3 283 Red clay ...vurerinnnransen 8 " | 1,048
Red clayand rock «.vaverivanns 17 300 Gray clay and rock ., ..., ..., T 1,050
Looae rock (Water) .. ... covvveersres 12 312
Red clayand reck ......... 3 315 TOTAL DEPTH ........... ertateranrrea 1, 089
Looge rock (waterd .....vvviiuviiasnsias 5 320
{C-1-98}lcce
Surface sand ... ..cccvuniincnnan. Ceerrareiarenn 20° 20 Gravel with light clay ............ PR veee 80 860
Very fine gray sand, streaksclay............. e 160 180 Malpais with streaks of sand ,.,,........ e 40 800
Fine gray sand . ....vveusisereraroaasrraceins . 100 280 Smatl melpais houlders with clay streaks , .. 80 980
Decomposed granite with malpais atreaks...... e 160 440 Clay with light streakg of gravel, malpais .. 25 1, 008
Red clay streaks with gravel ...,....... YT 180 620
Fine gray sand with streaks of malpais ..,,,.....4. 160 T80 TOTALDEPTH ...\ v0niininaiianiannss P 1, 006
(C-1-9)2cce
Surface sand ...... 20 20 Sand and gravel ... vvieiiiiniiiisnnnaa. 140 720
Sand and gravel . 40 &0 Small gravel and sand with streaks of malpais ...,,, 80 800
Gravel with malpais streaks 20 a0 Gravel and clay {very red) ........ s eaaanas 180 960
Gravel and €lBY ..cciervarirnaisarinaacenarianas . a0 180 Sand and gravel, small streaks malpais ............ 65 L, 025
Decomposed granite, streaks of gravel and clay ,... 120 280 Malpais with clay streaks ., ..vvanirnerransornssse 75 1, 100
Gravel and €lay ,....vevruncnnrrresnrrranrrsnnsas 120 400
Decomposed granite with gravel ........cverenares 80 480 TOTAL DEPTH ,.vuiuiiinenennanen rrrerreaaraaan 1,100
Fine sandy clay streaks ........ Nerrasrerararanaan oo 380
(C-1-9)3dce
Surface gand .....iiiiisiiaiaasiaanaan 20 20 Fine gravel with clay streaks .,,......... 220 T80
Sand, gravel ............... e 180 200 Sand snd gravel ...... 240 1,000
Very fine gray sand with clay streaks . . 80 280 Coarge gray sand ..., 205 1,205
Sand, clay with gravel Bireaks ... cvcievirsnsvine e, 160 420 ‘
Very fine eilt and gray sand with clay streaks ...... 120 540 TOTAL DEPTH ... iviuiiiitattatinncanrecnarinnan 1, 205
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Table 2, --Drillers’ logm of selected wells in the Hars

hala mam_f-‘.' 4 d

Thick-

Thick~
ness Depth ness Depth
(feet) | ‘et (teety | *oet)
{C-1-9)8dec
BABAY ClAY oo viearr et iianai e rea e, 326 328 CI&Y vivvnnnnin. 18 506
Coarse water gravel .. eween 55 381 Coarge gravel .., 21 817
ClaY ovvviinuionnnnns . 37 418 Clay ..ocuvvvvrnnans 12 629
Good gravel ...... . . 34 452 HArd rOCK vy 4saienesianasrirnrnierirrsrarrerrnes 1 640
Clay ...... e i, - . 83 535
ROCK 4. iun vt iiasi i bty ern 43 ‘578 TOTALDEPTH ,,....icvveiivmnnnaan 640
{C~1-8)8cce
Surface gand ,...... e e 20 20 || Coarse groy sand and streaks malpais .....iieees.s 260 1,280
Fine gray sand, streaks of clay TP RTIT ves 160 180 Fine gray sand with streaks of gravel .. . 180 1, 440
Decomposed granite with streaka of malpaia : F 240 420 Decomposeed granite with malpaie ,..civevaeinarenns 40 1, 480
Gray sand and gravel with light clay streaks ....... 1490 580 Granite boulders with streaks of fine gray sand ,,... 20 1, 500
Gray sand with fine malpais cuttings, light streaks
clay ........ Serrearrr va sy 320 880 TOTAL DEPTH ,.ivvvrirrnarenramrrroaneraancsnen 1,500
Sand and gravel with amall malpals boutders ....... 140 1,020
{C-1-8}10dce
Topaoil ., 4ueeeirarins 6 8 Sand and gravel {water bearing} ..... 15 453
Caliche .,,... 36 42 Clay with gravel ...... PP 15 468
Gravel .., 5 417 Band and gravel (water hearing) ..... 12 480
Caliche 45 92 Clay with gravel ..........0+ e 20 500
Gravel Liiisiiisinniannnnns 8 100 Cemented layers with sand between | , 80 580
Cemented boulders ,....... 147 247 Claywithgravel .,..., . c¢0ciiiinaiiieniianaenanas 8 588
Caliche .....iviivinnnnn et ria e aa e 35 282 Cemented layers with sand between cemented layers
Sand and gravel (water hearmg) 16 2988 ranged from 6 inches to 2 feet, with thin layers of
Clay with gravel ..,.........0.. 30 328 gand hetween possinly water-bearing sand ....... . 116 704
Cemented boulders ............. 17 345 CLaY vvvvunvsrrussnrrnasasrdonnarnrsseranirsrrsns 71 775
85 430
8 438 TOTAL DEPTH . iviiuasiinesnriasnisaanioinanans 775
{C~1-94cec
Callehe ... uvrvenrrinnrisnnarnanas 15 15 MalpaiB ovvuvivenrravoiisossasrvsisassassassssa 12 639
Clay, gravel, sand . . 185 200 Gravel, rock (water bearing) . . 118 755
L0 25 225 Sand, gravel (water bhearing) ... . 145 2900
(Fill) ¢lay, gravel, sand, rock .. 320 545 Gravel, rock, sand {water bearing) ,.....civavivnss 350 1, 250
Malpais (hard), 1 foot per day ... 48 594
Gravel, black sand ........ [ 26 8§20 TOTAL DEPTH ... ittt iiiatasaaiasansiaans 1, 250
{C-1-9}14cdd
Caliche and rock . et 23 23 25 640
Clay, gravel, and sa.nd - av 60 426 1, 066
Rock and clay, cemented ,,, i73 233
Clay, sand ............... 17 250 1, 066
Water-worn voleanic gravel ... .vivaarersuiarssnas 363 615
(C-1-9)17dcc
Surface 80il (...uuiiieviian 24 24 Caliche and houlders .............. . 55 285
Granite ... .cociiireiiaen 3 27 Sand and gravel with streaks Df clay.. 33 318
Gravel , . oevermrnnmniianarnnas .8 35 Redbed .......ciiiivaiuriinnnnras . 25 348
Shale .......0ee.. © 40 5 Water sand , i1 354
Sand and gravel ... 24 99 Granite .,.,. 10 364
Granite ... 00000 e 680 158 Water sand .. 24 388
Caliche and gravel .. ] 185 Red bed . ... 39 427
Granite boulders .... 10 175 ‘Water gand ..., 75 502
Sand and gravel . 15 100 3 T PPN 24 526
Caliche and houlders 28 2186 )
Gravel ... .cecirinnnrarnnns 14 230 TOTALDEPTH .. 0unuinuariarsnssnnaronaansnans B2B
{C-1-9)18=acb
Surface 8ilt and gand ..., 20 20 Very good coirse gravel .. ... icvirnnrirarriranes 20 720
Boulders with streaks of gravel ... e 200 220 Red clay with sireaks of malpais and baaalt
Gravel with streaks of elay ....... 90 310 LR L o 173 493
Boulders with streaks of sand and gravel ... ...00 a0 400 Bedrock at 823 feet,
Boulders with sitreaks of well-rounded gravel ...... 140 540 -
Same as above, only finer ..... 80 620 TOTALDEPTH ....... ..o iiiiiiiiaiieanns 893
Fine and tight sand and boulders {poor} .,...csesae.- 80 700
(C-1-9)23bdc
TOPBOL Lty ynrrrannraranen 3 3 Malpais bOUWldera ..iveaneirsnstiarseroansirarsas 180 785
Gravel, some clay ......oivinersarnvnas 132 135 Malpais with faults and soft streaks .,........ 275 1, 080
Boulderd, 8ravel iuuuivevrrrnrrinsranrsans 41 176 Red cinders and shale, some hard stringers .. 251 .1, 31t
Gravel and clay, some houlders ,,....... 114 290
Clayand gravel ,...cuivrrevarcroncrenranas 130 420 TOTAL DEPTH .. uvunnniannnes terereanns 1, 811
. Maipais fracturea from 580 feet tu 595 feet ........ 205 825 .
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Table 3. --Field determinations of temperature and specific conductance of water from selected wells in the Harquahala Plains

Well location Date measured Temperature Specific conductance
’ . {month, year) =C) {micromhos at 25°C}
{B-1-8}6aaz 12/66 32 480
Bbba B/BT  |mmeemmmmmmmmmmmm e 1, 060
8/58 20| el
9/67 32 900
Taab 1_2[86 34 720
19abb2 9/87 31 840
19bce 7/58 20| e
/67 30 860
3icee afsn 30 1, 200
(B-1-9)1bbb 12/66 33 700
Gece 12/68 33 000 | smememmmmmmcccm e mmmecmeameen
Teae 11/66 35 | e e -
9/87 34 1, 100
7dee 8/58 38 | e
11/66 34 | eememmmmmeeemmcmccmmemeeceas
11bbb B/5T - e 1, 300
7/58 33 | mmmememm e meeemmmmemmneoaas
12chb .9/B8 33 | e -
. 9/87 33 890
13abb a/87 31 800
13bbb 9/67 30 725
15abe 11/686 36 1, 300
© 18ecee 11/66 31| e aem
20cee 12/66 34 1, 300
24caa /58 20 | e e
9/87 29 870
26che B/58 27
< a/80 29
8/87 28
28cec 11/66 - e LG
9/67 3z 1, 100
28dcce 11/86 3 R [ R
28ddd 9/67 20 1, 100
32cec 9/67 a2 1, 100
34dee 8/58 28
11/66 29
35ded 9/67 27 1,200
(B-2-8)17dza §/58 81 00| mmmeememmmmmmm e mmca e
i8eaa 9/68 ) 32 | e e s
29hdd - a9/87 36 810
30aaa 9/67 | 33 80¢
31baa 9/67 37 780
3ldaa 9/67 31 790
32bba 12/66 34 580
(B-2-9)8abb 12/68 33 | e
9dbb 12/68 . D ELE T
10abb 8/a7 34 134
12/68 38 e
10bbb 12/88 38 ek
13baa 8f58 32 | ek
12/66 32 520
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Teble 3. --Field determinations of temperature and specific conductance of water from selected wells in the Harqu&h'ala Plains — Continued

Well lacation Date measured Temperature Specific conductance
) (month, year} =c) {micromhos at 25°C}
(B-2-9}14bbb 12/66 33 625
23aaa 12/68 31 840
26bee 12/66 32 480
36bbb 8/67 31 800
(B-4-12)14cbb 8/67 28 1, 400
{C-1-8)hda 8/87 37 B50
geeel 8/58 98 e
9/67 31 1,120
Bdce 9/67 30 1, 180
{C-1-9)lcee e/8% 33 i, 140
2bec 12/68 28 720
2/67 34 800
Zece 12/66 29 750
2/87 29 1, 170
2dee 11/66 - S OGP
9/87 33 1, 240
dece T7/58 28 00000 e e m e
8/67 27 1, 100
5ded 7/58 7 N LU RS
Tdee 9/67 32 740
Sbee 7158 - S [ R
9/67 29 975
11dbe 8/58 87 | e e
16chb 9767 28 750
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