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INTRODUCTION

Purpose and cooperation
The need for State r"eg~ulation of gromfd'-^.'ater resources in Arizona 

has become increasingly apparent. Inasmuch as such control must be 
based upon adequate information as to the quantity, quality, and use, 
as \7ell as the source and movement, of the ground water, the Arizona 
State Legislature in 1945 appropriated funds for the investigation of the 
principal ground-water basins in the state. The investigations are being 
made by the Geological Survey, United States Department of the Interior, 
in accordance with a cooperative agreernant uith the Arizona State Land 
Department, 0. G, "Villiams, Commissioner.

A large part of the data contained herein were collected during an 
investigation of the uatcr resources of the Safford Basin on the Gila 
River in 1939-1941 by the Federal Geological Survey, in cooperation 
uith the State of Arizona, the United States liigineer Department, and 
the United States Bureau of Indian Affairs. Periodic measurements of 
water levels and an inventory of the pumpagc havo boon iiade each year 
since 1941. The geology of the basin uas mapped by R. 13. Ilorrison, 
John D. Horn anal3rzcd most of the- -rater samples and prepared the quality 
of water section of this report. Field work during 19-1-5 and 1946 was 
done by 3. L. Gushman and I.. 3. Booh or, engineers. L. 0. Halponny 
assisted in the preparation of the report. All of the uorl: was dono 
under tho direct supervision of Samuel F. Turner, District Unginoor 
(Ground VJatcr), of tho Geological Survey.

!Loc_8.tipii
The Safford Basin is a part of tho structural trough that extends 

from the vicinity of Globe, Arizona, southeast to the vicinity of Rodeo, 
New L-bxico (fig. l). Southeast of the Safford Basin the trough is known 
as tho 3an Simon Basin and northwest of tho Saff ?rd Basin tho trough is 
designated in this report as the Globe-San Car.lcs 3asin. The Safford 
Basin is limited along the northeast side by the Gila I.Iountains and 
along the southwest side by the Santa Teresa and Pinalono Mountains. 
Tho division between tho Safford Basin and the San Simon Basin is 
arbitrarily designated in this report as tho line between Ts. 7 and 8 3. 
This line passes through the Cactus ?lat-Artesia area. The division 
betueen the Safford Basin and the Globe-San Carlos Basin is designated 
as a line perpendicular to the Gila River, passing through the stream- 
gaging station at Calva. The basin ranges in width from 15 to 20 miles 
and is about 65 miles long. It consists of two parts: the higher 
uncultivated land that slopes down from the mountains on either side; 
and the inner valley, which is half a mile to 3v miles in width and 
contains nearly all the irrigated land.

The extensive agricultural development in the Safford Basin lies 
southeast of the San Carlos Indian Reservation and therefore this report 
deals chiefly with the portion of the basin southeast of the reservation 
line. However, the data collected in 1941 were collected within limits 
imposed by the existing strean-gaging stations, and therefore these 
data apply to the basin from the gaging station on the Gila River at 
Calva upstream to the now-abandoned gaging station on the Gila River 
below Bonita Creek. Figure 1 shows the relations among the San Carlos 
Indian Reservation line, tho stream-gaging stations, and the Safford 
Bas in.



The clir.iato logical data for the TLiatcher 'Teat her Bureau station Day 
lie considered typical of conditions throughout the inner valley of the 
Safford Basin, as the elevation at Thateller is 2,350 feet, uhich lies 
uithin the range of elevation of the inner valley. The elevation of the 
inner valley of the Safford Basin ranges from about 2,300 feet above sea 
level at Coolidge Dan to about 3,100 feet above sea level at the mouth cf 
Bonita Creek. Th.e average precipitation is 9.5 inches a year at 1hc.tcfc.er 
(elevation 2,350 feet), according to a 54-year record of the U. S. 
"/Gather Bureau. The mean annual temperature at Ihatcher is 52.5 degrees 
Fahrenheit. The highest recorded temperature at Thatcher for tho 33-year 
period ending in 1930 uas 116° Fahrenheit, and the louest recorded 
temperature uas 7°. The frost-free season at Thatcher lasts about 6 months,

History of development
The Safford Basin vras first settled by Mexican farmers at San Jose, 

near Solomonsville, about the end of the Civil r'ar. Hornon farmers 
settled at Solomonsville in 1870 and later at Safford, 3ventuall3r most 
of the cultivable land along the Gila River T.Jas occupied from Bonita 
Creek to the boundary of the San Carlos Indian Reservation, The amount 
of land irrigated rrith surface rrater '.;as 32 acres in 1C72, 498 acres in 
1880, 16,224 acres in 189Q, 21,664 acres in 1900, 22,232 acres in 1910, 
and 32,512 acres in 1920^. There has been no increase in land farmed 
by surface-uratcr irrigation since 1920.

Originally the farncrs used only -.rater diverted from tho G-ila River 
to irrigate their lands. lioirevcr, tho river supply uas inadequate, 
especially in dry years, and beginning about 1930 tho river supply ^as 
supplemented by ground YTator. In 1040 about 150 irrigation uolls "ore 
in operation, Tho nuribcr of ^rclls in operation increased to about 360 
in 1944 and 325 in August 1946. An additional 50 irrigation -.Tolls ucrc 
not in use in August 1946 and further drilling uas in progress. Tablo 1 
presents records of typical domestic and irrigation rolls in the inner 
valloy. Plato 1 shorrs the locations of all irrigation uclls and all 
trolls in x&ich wator levels arc- noasurod periodically.

Agricultui-e is the nain industry in the Safford Basin. The principal 
crops are alfalfa, cotton, grain, and vegetables. In recent years seed 
for sugar beets has been raised, Tne 1940 census lists the population 
of Graham County as 12,113, of \7hich probably 95 percent reside in the 
Safford Basin.

ll 
Firth, C. A., Distribution of waters of the Gila Hiver: 8th Ann. Itept.
of the Gila "?ater Commissioner, pi, 4-1, 1945,
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Earlier studies by the Geological Survey arc described in the following 

reports:
Surface-water resources:

1. U. 3. Geol. Survey 21so Ann. Rept., pp. 539-40, 1900.
2. Lippincott, J. ?., Storage of water on Gila River, Ariz.: 

V. 3. Geol. Survey ".Jater-Supply Paper 33, 1900.
3. Surface-water supply of the Colorado River Basin, U. 3. 

Geol. Survey water-supply papers for each year beginning 
with 1899.

4. Collins, 77. D., Howard, C. 3., and Love, 3. 1C., Quality 
of surface waters of the United States; 
TTater year 1941, "./ater-Supply Paper 942, pp. 62-54, 1943. 
V/ater year 1942, ".later-Supply Paper 950, pp. 46-47, 1944. 
later year 1943, '/ater~3upply Paper 970, pp. 117-119, 1945. 
"Tatar year 1944, "ater-Supply Paper 1022, in preparation. 
"Tater year 1945, water-supply paper in preparation. 

Geology and ground-water resources:
1. Schwennesen, A. T., Geology and ground-water resources of 

the Gila and San Carlos Valleys in the 3an Carlos Indian 
Reservation, Ariz.: "J, 3. Geol. Survey "/ater Supply 
Paper 450-A, 1021.

2. Knechtel, M. M., Hydrology, Indian Hot Springs, Graham 
County, Ariz.: "'ashing ton Acad. Sci. Jour., vol. 25, 
no. 9, Sept. 15, 1935.

3. Khechtel, M. M., Geologic relations of the Gila conglomerate 
in southeast Aris.: An. Jour. Sci., 5th ser., vol. 31, 
pp. 80-92, Feb. 123S.

4. Knechtel, M. M., Geology and ground-rater resources of 
the valley of Gila River and San Sinon Creek, Aria.: 
U. S. Gool. Survey 7ater-Supply Papor 796-F, 1938.

5. Turner, S. F., and others, "fator resources of Safford 
and Duncan-Virdcn Valleys, Aria, and N. Mox.: U. 3. 
Geol. Survey (ninoographed), 1941.

6. Hater levels and artesian pressure in observation wells 
in the United States, part 6, Southwestern States and 
Territory of Hawaii:
Calendar year 1940, ".Tater-Supply Paper 911, pp. 8-62, 1S41. 
Calendar year 1941, '..:ater-3upply Papor 041, ITD. :-43, 1943. 
Calendar year 1942, VFater Supply Paper 949, pp. 3-20, 1944. 
Calendar year 19453, "Tater-Supply Paper 991, pp. C-4o, 1C45. 
Calendar year 1944, -.rater-supply paper in preparation. 
Calendar year 1945, water-supply paper in preparation.

7. Morrison, R. 3., IIcDonald, H. R., and Stuart, ';, T.,
Records of wells and springs, TTS!! logs, water analyses 
and laap shov:ing locations of wells and springs in Safford 
Valley, Ariz., nineographed by Arizona State './ater 
Coiamissioner, 1942.

8. Gatewood, J. 3., and others, Use of water by river-bottom 
vegetation in lower Safford Valley, Ariz., U. 3. Geol. 
Survey, unpublished manuscript, 1945.

9. Turner, S. F., and others, Geology and ground-water
resources of Safford Valley, Ariz.: U. S. Gteol. Survey 
water-supply paper in preparation.
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. 10. Hen, J. D., Quality Of water in the Gila River Basin 
above Coolidge Dan, Ariz.: TJ. S. Geol. Survey water- 
supply paper in preparation.

Other reports that refer to rater resources and related subjects in 
the Safford Basin are:

1. Olmstead, Fran!: II,, Gilr. River flood control, Report to 
Secretary of the Interior: Sen. Doc. 436, G5th Congress, 
3rd session, 1919.

2. Poulson, 2. N., and Young, F. 0., Soil survey of the
Upper Gila Valley area, Ariz.: U, S. Dept. Agric., Bureau 
of Chemistry and Soils, ser. 1933, Ho. 15, 195S.

3. Technical Committee, Upper Gila River Basin report; 
National Resources Planning Board, Vfator Resources 
Committee, 1940.

4. Firth, C. A., Distribution of waters of the Gila River: 
Annual reports of the Gila Uater Commissioner for the 
years 1937-1945, inclusive.

5« Putnam, Rufus '7., Interim report on survey flood control, 
Gila River and tributaries above Salt River, Aria, and 
H. Mex., confidential report to Chief  of Engineers, 
United States Army, 1945,

GEOLOGY OF TEC SAFFORD BASE! AND ITS RELATION TO GRGSKIX7.ATJH SUPHLES

Character of basin
The Safford Basin is a deep trough that lies between mountain blocks 

of older rocks (pi. 2). These rocks are mostly volcanic lava and ash 
deposits on the northeast side of the basin and gneiss on the southwest 
side of the basin. The older rocks that comprise the mountain blocks 
are hard and resistant and for the most part impermeable, although they 
carry somo water that issues as springs from cracks, fissures, and 
weathered zones along the sides of the mountains. -Hie mountain blocks 
perform, two major functions with respect to ground uator in tho basin:
(1) because of thoir higher elevations they have greater annual rainfall 
and thus contribute a large sharo of the water that OR tors the basin;
(2) because they aro composed of relatively impermeable rocks they tend 
to confine the ground water within tho basin.

Tho doop trough of tho Safford Basin is partly filled with more or 
loss unconsolidatod deposits of gravol, sand, silt, and clay. The 
ground water occurs principally within thoso deposits.

Oldor alluvial fill
Iho larger part of tho more or less unconsolidatod deposits in the 

Safford Basin is termed "older alluvial fill7 ' in this report (soo pi. 2 
and fig. 2). Those deposits wore derived frori tlic hard rocks of tho 
mountain blocks and wore washed into the basin'by streams and by sheet 
runoff  The alluvial fill was deposited in an enclosed basin and a 
shallow lako of tho playa or semi-playa type was formed along the axis 
of the basin. Bio thickness of the oldor alluvial fill is at least 
3,767 foot at one place, based upon the log of tho Mary S. Mack oil test 
(well 301, pi. l). Several doop water-bearing bods wcro encountered in 
this well. A well drilled at Safford for the Southern Pacific Railroad 
did not roach bedrock at 1,G20 foot. An oil test drilled near Ashurst 
(S^N2% sec* 30, T. 53., R. 24 3.) was abandoned in older alluvial.fill 
at 2,645 foot.



Hear the mountains on both sides of the basin the older alluvial 
fill consists of boulders, gravel, and conglomerate with small amounts 
of sand and silt, and is terned the "gravo! zone" in this report, ihe 
width of the gravel zone is from 1 to 2 miles on each side of the basin 
(see pi. 2 and fig. 2). The gravel zono of the older alluvial fill is 
partly consolidated and moderately permeable. Layers of relatively 
impermeable caliche lie near the surface in most of the outcrop area of 
the gravol zon^. Streams havo cut channels through those layers, 
enabling water from rain and from streamflow to enter the fill along 
the stream channels.

The materials that comprise the older alluvial fill gradually 
become finer-grained toward the interior of 'the basin, grading first to 
intcrboddod sand and silt uith sono gravel, then to silt with some- sand, 
and, finally, along the axis of the basin in the playa or "lake-bed zonc : 
to silt and clay with local stringers of sand. The silts and clays of 
the lake-bed zono arc relatively impermeable and contain salt and gypsum.

Alluvial fill of Anncr valloy and J^iVatarx. jrashqs
The alluvial fill of the inner valley and tributary washes was 

deposited af,ter the Gila River entered the Safford Basin. T/hen the 
river first entered the basin it started a cycle of erosion that 
included development of gorges through the mountain barriers and rapid 
cutting of the fill in the interior of the basin. After the first rapid 
cutting the erosion slackened and an erosion surface was developed on 
the softer areas of the older alluvial fill (fig. 2). This surface is 
about 50 to 100 foot below the original depositional level, and it 
slopos gently toward the Gila River. It is covered with a thin mantle 
of gravol and is the main "iaosa T: level above the river plain near Safford. 
Subsoquontly the rato of erosion by tho river was accelerated and an 
innor, narrower valley, about 150 feet dcop, was cut within the larger 
oao. This valley is partly filled* to a depth of 50 to 100 foot, uith 
silt, sand, and gravel deposited by the river and its tributary washes. 
The part of tho basin underlain by those younger deposits is called the 
innor valley and includes nearly all the irrigated lands (sec fig. 3 
and woll logs in table 2).

!ho alluvial fill of the innor valley end tributary washes consists 
of irregular and discontinuous bods, and adjacent wells nay encounter 
wator-bcaring sand or gravol bods at entirely different depths. Bio 
layers of silt aro not continuous and wator from tho surface percolates 
downward, often by circuitous routes, to recharge tho underlying ground- 
water reservoir.

GROTJNJX7ATZR H2SOITHC3S

Occurrence of ground we.tpr
Ground water is found along the- sides of tho 3afford Basin in tho 

bods of sand and gravel that occur in th^ "gravel sonc :: of the older 
alluvial fill. Tho lake-beds of the older olluvir.1 fill noar the centor 
of the basin arc largoly silt and clay, bu^ they include f ingors of sand 
and gravel that represent extensions of tho gravel zono. These fingers 
of sand and gravel contain ^rctor undor artesian pressure. Flowing wolls 
havo boon drilled along Cottomrood T/asli, Ash Crook, and near Artcsia* 
south of Safford. Vfatcr-bcaring bccls arc oncountorod in the so areas at 
depths ranging from 100 to 1,200 feet.
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Source, of ground, jraj/er

Recharge to the older fill is from rainfall and from seepage of 
streams on the outcrops of the gravel zone near the mountains, 'The direct 
recharge from rainfall is probably srall because relatively impermeable 
caliche at and near the land surface in the older alluvial fill is a 
partial barrier except where it has been cut through along stream channels. 
A large part of the uater in these streams usually sinks into the alluvium 
lining the channels and moves downstream as underflow. A ~:art of this 
underflow is fed into permeable beds of the underlying older alluvial 
fill. The uater is unconfined in the gravel zone but as it moves tovrard 
the center of the basin it enters the fingers of sand and gravel that 
extend into the lake beds and is generally confined under artesian pressure.

Discharge of ground water
A part of the water in the permeable beds in the older fill roaches 

the surface through flowing wells and through artesian springs that rise 
along faults. Not all the faults 'in the older alluvial fill trill transmit 
water, as soiae of then are sealed with clay. A part of the water of the 
older fill moves upward as diffused seepage through the most pomeable 
parts of the lake-bed zone and enters the alluvial fill of the inner 
valley. Iho water in the lake-bod zone of tho older alluvial fill has a / 
higher mineral content than the water in the alluvial fill of the inner 
valley, and some places where tho norc saline uat~r rises have boon 
detected by chemical analysis of uater samples.

TSdQ Mary S, Llack well (301) is the largest flowing well in tho Safford 
Basin, and it produces about 1,500 gallons c. ninv.tc. The Indian Hot 
Springs are the largest group of springs in the oafford Basin, and they 
produce a total of 520 gallons a minute, ^bout 11,700 acro-fcct of water 
was dischargod fron the older fill during the 12 months ending October 1, 
1940^£ About 2,900 acr^-foot of this was discharged through flowing wells 
and about 8,800 acre-feet was discharged through artesian springs and seeps.

Alluvial fill of inner valley and tributary washes 
Occurrence of ground i.-atcr

Ground water occurs at shallow depths in the sand and gravel beds of 
tho alluvial fill of tho inner valloy of the Gila Hivor. Th~so "bods arc 
tho source of water for nearly all the irrigation wells in the basin. 
Ground water also occurs at shallow depths in tho alluvial fill of isany 
of tho tributary washes. Irrigation wells have boon developed in the 
alluvial fill of the larger washes and domestic and stock wells have been 
devolopcd in tho fill of many of the smaller washes. In a fo;: of the 
washes, however, the alluvial fill is only a for feet in thickness and 
cannot supply-*.T.tor for wells.

ihc fact should bo emphasized that tho individual water-bearing 
bods are not continuous in the nlluvial fill of the inner valley of the 
Giles. River. A bed of gravel iiay be 10 feet thick at one point, but at 
a distance of 100 feet it may bo only 2 feet thick or nr.y have pinched 
out entirely.

2/
Turner, S. IF., and others, ./atcr resources of Safford and Duncan-Yirdon 
Valloys, Ariz. and N. I^Lcx. '  U. S. Gcol. Survc;- (nir.-jcogrr.phcd) , 1941.
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Source of ground water

Ground water in the alluvial fill of the inner valley is derived 
primarily from four sources: (l) Water from, the older alluvial fill in 
the form of spring flow and diffused upward seepage; (2) underflow along 
the G-ila Hiver and tributary vrashes; (o) recharge from the Glla River 
when the uater' tacle is lowered below the level of the river; \4) water 
from rainfall and fron infiltration of irrigation uater. All figures 
given for recharge are from a previous report by Turner and others. ''

The total recharge to the alluvial fill of the inner valley of the 
Safford Basin during 12 months beginning October 1, 1939, and ending 
October 1,>1940, was about 82,000 acre-feet.

Recharge from older alluvial fill, - The recharge to the alluvial 
of the inner valley from the older alluvial fill, in the forri of spring 
flow and diffused upward seepage, was about 3,COO aero-feet of uater 
during the 12-month period selected.

Recharge from underflow. - Underflow of the G-ila River through the 
alluvial fill of tho inner valley near the mouth of Bonita Creek was 
calculated to bo about 2 cubic feet per second or about 1,500 acre-feet 
a year. Hiis amount \:as calculated fron the slope of the water table 
at this place, tho cross-sectional area of saturated water-bearing 
materials, and the permeability of the water-bearing rnatorials.

Underflow into the inner valley from tributary washes was calculated 
to be 12 cubic feet per second during 1939, a dray year, and 16 cubic 
feet per second during 1941, a wot year. 'The total ground-\.-ater recharge 
to the inner valley fron underflow of tributary washes botvrecn October 1, 
1939, and October 1, 1940, was about 9,200 acre-feet.

Hocharjpc from the Gala River. - Recharge from the river occurs when 
the water table at the edge of the river is drawn dcun below river level 
by pumping or by evaporation and transpiration; or when the river rises 
above the adjacent water table during floods. It is not possible to 
estimate the amount of this recharge. A pert of the uator recharged 
fron the river returns to the river.

Recharge fron rainfall and. fr^ia i_nfijLtration of irrigation uat or. - 
The recharge to the inner valley from rainfall was ostir.iatod to be 
between 2,500 and 5,000 acre-feet during the sane period. Ihc recharge 
to the alluvial fill of the inner valley from infr.ltration cf irrigation 
water was about 60,000 acro-fcot during the period October 1, 1939 to 
October 1, 1940. According to the 1941 report, approximately one-third 
of all water passing through canals and about one--fourth o£ all water 
applied to the fields for irrigation percolates uounuard to the ground- 
water reservoir. This moans that one-half of all the surface water 
diverted and one-fourth of all tho uater punpod enters the ground-.: a tor 
reservoir.

Discharge of ground water
Y/ater is discharged from the ground-uatcr reservoir in tho alluvial 

fill of the inner valley by pumping and by natural means. Natural 
discharge occurs through transpiration and evaporation in tho area 
occupied by phrcatophytes, or plants uhosc roots drau moisture diroctly 
from tho ground-uatcr reservoir; as evaporation from bare, uct land 
surfaces in the river bottoms; as underflow out of the basin along tho 
G-ila River, and as seepage from the ground-uatcr reservoir into the river,

Turner, S. F., and others, ./ater resources of Safford and Duncan-Tirdcn 
Valleys, Ariz. and ! !. Mox. : "J. S. Geol. Survey (mimeographed), pp. 3G-45, 
1941.



Discharge "oy pimping. - The Geological Survey has kept a record of 
the water pumped in the Safford Talley since January 1, 1940. The quantity 
pumped each year since that date is given below:

Year
Volume 
pumped , 
acre-feet

1940
24,600

1941
8,700

1942
18,900

1943
35,000

1944
52 , 000

1945
35,200

Figure 4 is a graph showing the quantity of water pumped, rainfall at 
Safford, and fluctuations of the water level.in wells.

Most of the irrigation wells in the Safford Basin are used to 
supplement surface-water diversions. Table 1 lists records of typical 
irrigation wells and plate 1 shows the locations of all the irrigation 
wells as of August 1, 1946. These wells range in discharge from 100 to 
4,600 gallons a minute, in depth from 15 to 100 feet, in pumping lift from 
12 to 116 feet, and in diameter fron 6 to 96 inches.

Natural discharge* - Tiie amount of water used by phreatophytes in 
the inner valley during the period October 1, 1939, to October 1. 1940, 
was about 70,000 acre-feet, according to tests r.:ade at that time^4 Later 
investigations^/ in 194.3 and 1944 gave slightly lower results, indicating 
that in the loner half of the inner valley, fron Thatchor to Calva, the 
amount of water used by phreatophytos was between 28,000 and 29,000 acre- 
feet a year. The results of the 1943-44 experiments were in substantial 
agreement with the results of the 1940-41 experiments, in terms of acre- 
foot of water usod by each typo of plant per aero per year. However, 
the 1940-41 reconnaissance survey indicated a. density of growth greater 
than that shown by the detailed surveys of 1945-44, and thus indicated a 
greater use of water.

The natural discharge of ground water *oy evaporation from, netted 
lands amounted to about 6,000 aero-foot during the period October 1, 
1939, to October 1, 1940,

Underflow out of the inner valley at the gaging station near Calva 
amounted to about 2 cubic foot per second, or about 1,500 aero-foot, 
during the 12-month period ending' October 1, 1940, The undcrflou entering 
the inner valley near Bonita Crook and that leaving the inner valley at 
the gaging station near Calva arc- about equal. The amounts of underflow 
probably change very littlo from year to year, because the slope of t^o 
water table and tho cross-soctional area of saturated water-bearing 
materials at these places do not change materially unless tho river coasos 
to flow. The permeability of tho uator-"soaring r.iatorials is a constant 
value. Therefore, the underflows of the Gilr. ^iver entering and leaving 
tho vallc3r do not rjatcrially affect the onour-t of available ground water 
in the inner valley.

The natural discharge into tho river fron the ground-water reservoir 
represents the amount by which the recharge fron: c.11 sources exceeds tho 
discharge by pumping, evaporation, phroatophyte use, and underflow out 
of the basin, assumir^ no net gain or loss in ground-water storage. The

Turner, S. F,, and others, Tater resources of Safford and Duncan-Yirdon 
Valleys, Ariz. and N, ilex.: U. 3. G-eol. Survey (nimeograT>hod), pp. 40-41, 
1941.

.
Manuscript report in files of TJ. S. Gcol, Survey, Tucson, Ariz.



discharge of ground water into the river varies greatly because "Dumping 
and the use of water by phreatophytcs are seasonal. In times of heavy 
ground-water use there ray be very little natural discharge into the river, 
and the direction of ground-water movement may even be reversed at some 
places, the river feeding the grcund-uater reservoir. The measurements 
made during the 1940-41 investigation shoued that the ground-uater dis­ 
charge from the inner valley into the river ranged from 16 to 115 cubic 
feet per second.

Fluctuations of the water table
The level of tho water table in the ground-water reservoir of the 

inner valle3'' is affected, by the following factors: (l) Rainfall; (2) use 
of uater by phrcatophytes; (o) flow in canals and irrigation of fields; 
(4-) pumping of irrigation noils; (o) stage of tho G-ila River.

The effects of rainfall upon the level of the uator table- arc as 
follows: (l) Bainfall on the cropped area reduces the irrigation require­ 
ments so that loss pumped  'rater is required, and rainfall on tho river- 
bottom area roducos the amount of ground water used by phrcatophytos; 
(2) some of the rainfall percolates directly to the ground-water reservoir. 
The reduction in use and the addition of uatc-r arc both factors that tend 
to raiso the orator level.

The use of water by phreatophytes affects the level of the ground- 
uater reservoir. This use is greatest during July and August, and in 
these months water-level recorders have often r-oacured a decline of 3 
inches a day in the level of the uater table in ai'eao of phreatophyte 
growth. Some of the plants of this type in the oaf ford Basin use as inuch 
as 8 acre-feet of water a 3/ear per acre of growth cf maximum density.

Recharge from flow in canals and irrigation of fields raises the level 
of the uater table. Cross- sect ions of the uater table "beneath canals 
show pronounced ridges. Tests in a field near Safford showed that the 
water table rose more than 1.5 foot after one application of irrigation

Tho pumping of irrigation wells lowers the level of the water tablo. 
Each well develops a cono of depression in the uater tablo, and as pump­ 
ing continues the cone deepens and expands and eventually merges uith 
tho cones of nearby pumping -rolls, thus tending to loucr tho general 
water level.

Tho stage of tho Gila River aff octs tho level of the water tablo 
near the rivor. A rise in tho river stage during a flood causes a 
corresponding rise in water lovcl in nearby wells. This effect is 
usually of short duration and the uater table falls as the river stage 
declines after a flood.

The graphs in figure 4 show fluctuations of uater level in five 
typical wells in the Safford Basin, for the period. 1940-46.

TTcll 76 is an unused ucll near Gcronimo. Very little ground water 
is pumped in this area. SJie well is near an extensive stand of mosquito, 
and tho use of ground uater oy the nesquitu causes the uater level to 
decline during the summer months. Recharge fror. underflow of Goodwin 
"Jash replenishes the ground water and causes a. rise in uater level as 
tho use by tho rrjsquite declines.

1\irncr, S. F., and others, :Jater rcsovxcos of oci'i'crd and IXmcan-Virden 
Valleys, Ariz. and N. Hes.: U. S» Gcol. Survey (nir.oographed), p. 15, 
1941.
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2S2 is located 1 mile northwest of Pima, near a canal. The 
water level in this well is raised by recharge from the canal each spring, 
at the beginning of the irrigation season, and is gradually lowered during 
the summer, as a result of regional pumping.

TJell 516 is located lij rales south of Safford, near an irrigation 
canal. The water level in this well is raised by recharge fron the canal 
and by recharge fron the older alluvial fill. The graph of this well 
clearly shows the effect of delayed recharge from the heavy rains that 
fell in the winter of 1040-41 and in September 1941. "This delayed 
recharge to the ground-water reservoir of the inner valley resulted when 
water from the mountain streams recharged the gravel at the base of the 
mountains and thence moved slowly to the inner valley.

'Jell 597 is 2 miles west of Solomonsvillc, near a canal. 'Ihc water 
level in this well is raised "by recharge from the canal in the spring, 
and is lowered rapidly during the summer months as a result of heavy local 
pumping. Hie rise during the early winter months is caused by water that 
moves in from the sides of tho basin to fill the cones of depression 
caused by pumping.

Hell 662 is an unused dug well near the eastern, or upper, end of the 
basin. Until 1946 the water level in this roll showed a slight doclino 
during summer months and a slight rise during winter months. Ihosc 
fluctuations wore caused by seasonal changes in the stago of the Gila 
Bivcr and by natural discharge of ground water by nearby ix-squitc trees. 
Bic spring of 1946 was a season of exceptionally low precipitation, uith 
deficient stream flow in the G-ila River and heavy pumping in the Safford 
Basin. During tho sunmcr of 1946 the water level in well 562 declined to
the loirost level during the period of record.

/
3AE2 YI2LD

!Qic :?saf o yield1' of a ground-water reservoir is nthc practicable 
rate of withdrawing water from it perennially for human uso"^. Obviously, 
the safe yield depends on the number, location, and yield of tho wells 
drawing on tho reservoir and on the intcmittoncy of their pimping. 
Moreover, in an irrigated area, such as tho Safford Talley, whore losses 
through evaporation and transpiration are large, the uso to which tho 
uatcr is put and the area of application greatly influence the safe 
yield. The picture is further complicated by tho presence of a through- 
flowing stream (the Gila Hivcr) which is intimately related to tho ground- 
uatcr reservoir. "Ems the dotcrr.iination of the safe yield of ground 
uatcr in the basin involves an appraisal of both surface and underground- 
water resources. Until the details of diversion and application of 
water fron ell sources uithin the basin arc iix;d through regulation 
all estimates of safe yield must be provisional a:id based on present or 
assumed future conditions.

The relations between the ground-\.r.ter reservoir of e. basin and a 
through-flowing river nay range fron one e:-:trei,ie, uhere the ground-water 
reservoir feeds the river, to the other extreine, "..here the river feeds 
the ground-water reservoir. Ihe relation in the Safford Basin is 
predominantly of the first type, that is, the water table slopes toward

Heinzer, 0. S., Outline of methods for estimating ground-water supplies: 
U. 3. Oeol. Survey 7/ator-Supply Paper 558-C, p. 99, 1931.
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the Gila River and the ground-water "body feeds the river. In this type 
of ground-water reservoir, the part of the pumped water that is evaporated 
and transpired, and thus does not return to the ground-water reservoir, 
represents an eventual loss in the flow of the river because it is water 
that would otherwise have reached the river. However, during the season 
of heavy pumpinG, the relation in part of the Safford Basin is of the 
second type, that is, the ground-water reservoir is fed by the surface 
stream. Under these conditions, pumping will increase the slope of the 
water tablo av/a" from the river and thus increase tho rate of loss of 
water from tjio river. Under either condition, largo-sealc ground-water 
withdrawals tend to reduce the flow of the stream, and before tho safe 
yield can bo estimated it is necessary to determine the extent to vrhich 
this is permissible.

QUALITY 0? T7ATSH

The chemical character of ground wator and surface water in tho 
Safford Basin was investigated in detail from 1940 to 1945. During this 
time nearly 4,000 water samples were collected and analyzed. Most of 
the analyses are being prepared for publication in a water-supply paper 
that will contain a detailed interpretation of quality-of-water conditions 
in tho basin, The following brief discussion is based mainly on the 
forthcoming detailed report.

GhcEiiQal character of the ground water 
Older alluvial fill

TJator in the sand and gravel lonsos of tho older alluvial fill is 
usually warm and rather highly mineralize d. Tho analysis of a sample 
from tho Mary S. Hack flowing iroll near Pima (-.Tell 301, table 3} is 
typical of the deeper v/ater from tho older fill. The total dissolved 
mineral content of this water is about 3,500 ports per million, 
consisting nninly of sodium, chloride, and sulfatc. In some parts of the 
basin, <.&orc the older alluvial fill is comparatively free from boots of 
easily soluble material, './ater frcci the older fill may contain less than 
1,000 parts per million of dissolved solids. In contrast, tho Ehoulos 
flowing well at Gcronirao, vhich is drilled into the older fill, yields 
water containing more than 14,000 parts per million of dissolved solids. 
The principal constituents in the -.:atcr from the older alluvial fill are 
sodium and chloride, although large amounts of sulfate are found in many 
places. The -.rater also contains appreciable amounts of fluoridc and 
boratc.

Alluvial fill of inner valley
Ground v:ater fror.i the alluvial fill of the inner valley has a vide 

range in total dissolved mineral content. Ground waters from the inner 
valley contain less than 500 parts per million of dissolved solids in 
a feu places, principally noar the eastern end and near the mouths of 
Cottonuood, Black Hock, and Goodvrin ".Jr.shes. In most areas of the valley 
the total dissolved mineral content of ground vatcr ranges from 1,000 to 
3,000 parts per million or more. Between Glcnbar and 7ort Thomas a total 
dissolved mineral content of 10,000 parts per million or more is common. 
These differences in total dissolved mineral content of the ground uatcr 
arc best shoun by the quality-of-Y/r.tor map, plate 3. This map was 
prepared from analyses mr.do in 1040 and 1941.
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Table 3 contains analyses for samples from 29 typical wells in the 

basin. All the nells except well 301 obtain water from the alluvial fill 
of the inner valley. There are points of similarity in the chemical 
character of most of the Haters from the alluvial fill of the inner valley, 
although there is a wide range in total dissolved mineral content of the 
ground waters. Ground waters from the inner valley are generally hard. 
Ihe \7aters of lov;er dissolved mineral content contain mostly calcium and 
bicarbonate. Hie waters of higher dissolved mineral content contain 
chiefly sodium end chloride, in many places with large amounts of sulfate. 
In sone parts of the valley, particularly near Thctcher and Pima, the 
ground waters contain large amounts of bicarbonate, and in SOEB areas the 
ground waters contain large amounts of nitrate, fluoride, r.nd borate. 
All uaters except those of lowest dissolved mineral content contain more 
than 60 percent of sodium, expressed as a percentage of the sum of the 
calcium, magnesium, and sodium contents.

Chemical character of the surface water
Ukrny analyses of the surface waters of the valley are contained in 

the water-supply papers of the Geological Survey listed in this report, 
in the section on previous investigations. Ihese analyses show that at the 
gaging station near Soloiaonsville (pi. 3) the water of the Gila Oliver 
usually contains moderate amounts of dissolved matter. Calcium and bi­ 
carbonate usually predominate at high stages of the river and sodium and 
chloride at low stages. After the Gila Hiver enters the Sc.fford Valley 
the quality of the water changes only slightly until it reaches Safford. 
Below this point a very marked increase occurs in the concentration of 
the dissolved matter, chiefly in the sodium and chloride. This salt is 
contributed in part by return flow from irrigation cud probably in part 
by seepage of saline water from tho lake beds. A progressive rise in 
concentration occurs as far downstream as Geronimo, below which there is 
not much change in tho salinity of the stream.

Ho perennial streams enter the river in the valley, but occasionally 
flood flows from washes in the basin cny affoot the concentration of 
dissolved matter in tfce river wator. T/ith the exception of flood flows 
from San Simon Creok and Uathowsvillc Vfash, flood waters in tho basin 
contain small airounts of dissolved matter. Flood waters from San Simon 
Crock and those originating in "badland aroas along Mathowsvillo "fosh may 
contain moderate amounts of sodium, bicarbonate, chloride, and sulfatc, 
and they usually carry much finely-divided sediment.

Analyses in table 4 show the weighted average concentration of 
dissolved solids in the river -ator at the ca^in^; station above Solomons- 
ville and at the lower end of tho valley, r.t Bylr.s, for the 12 months 
ending Sopt. 30, 1944. -These averages are based or, daily samples and 
show that the river -./ator more than doubled in concentration of dissolved 
solids between these two stations.

Relation of quality of water to its use 
Irrigation

The main supply of -r.tcr for irrigation in Safford Valley has always 
come from the Gila Hivor, but in recent years the ground water of the 
valley has been dratm upon for a large and increasing portion of the 
supply. Evaluated according to the standards for irrigation uator stated
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by l/ilcox and Llagistad^/ the uater from the river at the upper end of the 
valley is of "excellent to good" quality except at tines of lo\: f lo::. 
V/ater diverted from the river belou Safford may "be in the "good to injurious : 
or "injurious to unsatisfactory17 class at tiines of lou flovr.

Ground uater from the older alluvial fill is high in total dissolved 
solids and in percentage of sodium, and most of this ground rrater is in 
the "injurious to unsatisfactory" class. It is used for irrigation in the 
valley to a small extent after nixing uith less highly mineralized river 
vrater. Because of its poor quality there is little possibility of using 
uater from the older fill for extensive irrigation. Ground uater in a 
feu places in the alluvial fill of the inner valley is in the "excellent 
to good" class. In most of the heavily-pumped areas of the inner valley 
the ground uater is in the "good to injurious- class and in large areas 
it is in the "injurious to unsatisfactory" class.

The Hater of the Gila Hiver in the Safford Basin is normally of suit­ 
able quality for irrigation. It is probable, therefore, that no serious 
problem exists regarding the quality of irrigation uaters in the basin, 
as a large part of the uater used for irrigation comes from, the Gila Hiver. 
Ground rraters used for irrigation in the basin are generally more highly 
mineralized than uater from the Gila River. If it becomes necessary to 
use ground uater exclusively for irrigation, care uould be required in 
its use to prevent damage to the soil, particularly in poorly-drained 
areas and in areas uhere the ground uater contains a high percentage of 
sodium. It is possible to use more highly-mineralized uaters for 
irrigation in the uell-drained areas than in the poorly-drained areas.

Domestic use
Ground uaters from the older fill are usually highly mineralized, 

although some of them may be considered suitable for drinking and other 
domestic use. These ground uaters usually contain 2.0 parts per million 
or more of fluoride, some of them more than 10 parts per million. More 
than 15 parts per million of fluoride in uater nay cause permanent 
mottling of tooth enamel uhen used continuously by young children. Ground 
uaters from the alluvial fill of the inner valley are generally hard, 
and in some areas they may be high in fluoride. The hi^h concentration of 
dissolved mineral matter in many of the uaters maizes them unsuitable for 
domestic purposes.

The municipal uater supply for Safford and t;I:e neighboring communities 
is taken from an infiltration gallery on 3onita CJresk, and in emergencies 
supplies are derived from a uell in oafford or from a reservoir on Frye 
Creek. Several tap samples have been analysed, and these samples shou 
that the uater contains principally calcium, magnesium, and bicarbonate. 
The water is hard but has a total dissolved solids content of less tlian 
300 parts per million.

Relation of quality of vrater to flround-uater recharge 
The recent alluvium is partly recharged by artesian uater escaping 

from the underlying older fill. Areas uhere this recharge occurs may 
be detected by the similarity of chemical analyses of shallou ground 
uaters to those of ground uaters from the older fill. Ihe presence of 
large amounts of fluoride and borate in shallou ground uaters indicates 
a possibility of artesian leakage because uaters fron the older fill are 
often high in these constituents. In soric areas the artesian inflcu to 
the alluvial fill of the inner valley is sufficiently large in volume
&.

- ilcox, L. Y., and I.Iagistad, 0. C., Interpretation of analyses of 
irrigation uaters^and the relative tolerance of crop plants: U. 3.' 
De-pt. Agr., ®ur * ?iant Industry, Soil and Agr. He search Administration; 
Riverside, Calif. IIlmeographed, 0 pp., May 1943.
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to cause the shallou ground waters to have temperatures considerably above 
nomal. The most striking example of concealed leakage from artesian 
sources is in the portion of the valley between Fort Thomas and Geroninio. 
Alon^ the north side of the valley in this area -jells 20 feet deep may 
yield water with temperatures of SO0 to 100 F., compared with a normal 
temperature for shallow ground waters in the valley of about 65°F. "Jaters 
from these wells are similar in chemical character to waters from the 
Indian Hot Springs near 2den, which are Icnown to issue from the older fill.

Using available data on quality .of water, it was estimated that the 
recharge from artesian leakage along the Oil a River in the 3.0 mile 
stretch immediately downstream from Fort Thomas :jas about 5 cubic feet 
per second in the winter of 1943-44. It is probable that no other stretch 
of similar length in the valley receives as large an amount of artesian 
leakage. Analyses of ground waters in the valley indicate that artesian 
leakage probably occurs between Firna and Eden, and possibly in other 
parts of the valley. The analyses also .indicate a large amount of re­ 
charge of rater of low total mineral content from the underflows of Goodvin 
and "Black Rock Washes.

Source of dissolved matter in ground Jiater_
The dissolved matter present in ground waters of the basin is 

principally derived from soluble minerals deposited in the older fill. 
Conuaon salt (sodium chloride) and gypsum ( calcium sulfate; were included 
in some of these older fill deposits when they were laid down, and 
ground waters coming in contact with these minerals take then into 
solution. Thus, ground water in the older fill is usuall3r highly 
mineralized. "Jater seeping from the older fill into the alluvial fill 
of the inner valley is an important source of dissolved salts in the 
shallow ground waters. Another important source of dissolved salts 
in the shallow ground waters is the drainage from irrigated lands. 
This drainage water seeps downward, carrying with it some of the soluble 
salts that were formerly contained in water evaporated or used by the 
plants. Hecharge of the ground-water reservoir by the river and its 
tributaries contributes some dissolved matter.

Discharge of dissolved solids from b.asjjk
The Gila Hiver carried about 105,000 tons of C.issolved mineral 

matter past the gaging station at Galva in tl:o '__?, ,.ionths ending 
September 50, 194-4. These salts were derived frcr.i four main sources: 
Surface flow and underflow of the Oil a lUver entering tlie basin, surface 
flow and underflow of tributary- waslits, artesian leakage frori the older 
alluvial fill, and leaching of salts from th- alluvial fill of the inner 
valley. The G-ila Hiver brought about C4,000 tons of dissolved mineral 
:_;atter into the basin past the gaging station above Solemonsville. L 
comparatively small amount cf dissolved mineral r.iattor ras derived from 
the surface flow and underflow of the washes within the basin. A large 
but unknown amount was contributed by the artesian leaks;;6 from the 
older fill. The alluvial fill of the inner valley probably contributed 
little, if any, dissolved mineral matter during this period.
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SUl-lIARY AND CONCLUSIONS

The older alluvial fill of the Safford Basin contains .ground water 
in the "gravel zone" near the sides of the basin. Ground uater is also 
found in sand and gravel fingers that extend fror.i the gravel zone into 
the silts and clays of the- "lake-bed zone". The Mater in the fill is 
derived fron recharge by rainfall and by seepage from streams crossing 
the gravel zone. The total discharge of ground uater from the older 
alluvial fill through flowing wells, springs, and diffused upward 
seepage uas about 11,700 acre-feet during the 12 months ending October 1, 
1940.

The principal ground-irater reservoir of the Safford Basin is the 
sand and gravel fill of the inner valley along the Gila Biver. The 
water in this reservoir is derived primarily fron four sources: 
(l) "Tatar from the older alluvial fill in the form of spring flow and 
diffused upward seepage; (2) water from underflow of the Gila River and 
its tributary Trashes; (3) uater from the Gila River; (4:) water from 
rainfall and from infiltration of irrigation water. The total recharge 
to the inner valley of the Saffcrd Basin uas about G£,000 acre-feet 
during the 12 months ending October 1, 1940.

The development of irrigation wells to supplement surface uater 
diversions has been steadily increasing in the Safford Basin during 
recent years. Nearly all the irrigation uells derive their uater from 
the sand and gravel fill of the inner valley along the Gila River, but 
a few irrigation uells obtain their uater from the fill of tho major 
tributary washes." The amount of uater pumped for irrigation has been 
measured each year, beginning in 1940. The minimum amount pumped uas 
8,700 acre-feet in 1941 and the maximum uas 52,000 acre-feet in 1944.

The natural discharge from the ground-water reservoir of tho inner 
valley is by evaporation and transpiration in the river-bottom area, 
underflou out of the basin, and seepage into the Gila River. It is 
estimated that during the 12 months ending October 1, 1940, a maximum of 
76,000 acre-feet of water was evaporated and transpired in the river- 
botton area, and about 1,500 acre-feet of water moved out of the basin 
as underflow. The amount of seepage into the river uas not estimated, 
as this could not be done without extremely detailed work.

Analyses of many uater samples shou that uater from the older fill 
is generally highly mineralized and contains large amounts of sodium, 
chloride, and sulfate. V/ater from the alluvial fill of the inner valley 
has a uids range in total dissolved mineral content, r.Iuch of it is 
highly mineralised and contains large amounts of sodium and chloride. 
Waters of the Gila River increase in mineral concentration as they pass 
through the valley because of inflows of highly mineralized ground 
waters, derived from the older fill, irrigation drainage, and other 
sources.

Host of the ground waters of the basin -are cl-ssified as "good to 
injurious" or :: injurious to unsatisfactory" for irrigation because of 
their dissolved matter. If waters of those classifications are used 
for irrigation they should be used with caution, to avoid damage to 
soils and crops. Llany ground waters of the basin are unsatisfactory 
for domestic use because of high concentrations of dissolved matter and 
excessive amounts of fluoride.

The Gila River carried about 105,000 tons of dissolved salts past 
the gaging station at Calva in the 12 months ending September 30, 1944.
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These salts were derived from four main sources, surface flow and under­ 
flow of the Gila River entering the basin, surface flow and underflow 
of tributary washes, artesian leakage from the older alluvial fill, and 
leaching of salts fi*on the alluvial fill of the inner valle".

Because of the intimate relation between the water in the ground in 
this basin and the water flowing in the Gila River, the regulation of 
withdrawal of ground water will be affected by the legal rights to the 
use of the river waters. Therefore, in arriving at a determination of 
the principles that are to serve as a basis for regulation of ground- 
 jater withdrawals, careful consideration must be given to the inter­ 
relation of uater from the tuo sources. Tc illustrate the intricacy of 
the problems involved, waters of the following four types or sources are 
cited:

1. Ground water derived by recharge from appropriated surface water, 
such as seepage from canals and from the irrigated lands. If this ground 
water is not intercepted by pumping, a part of it will be lost by 
evaporation and transpiration, but the remainder will eventually re-enter 
the river downstream and there become available for diversion. However, 
in nany places it might be practicable to intercept this water partially 
by means of wells or to reduce the losses by lining the canals, thus in 
effect cutting off the source of some of the flow in tho river channel 
downstream.

2. Ground water derived fron recharge by tributary-wash inflow and 
from natural recharge on outcrop areas* If this ground water is inter­ 
cepted before it reaches the river, tho flow of the river will thereby be 
decreased even though such interception would tend to reduce losses by 
evaporation and transpiration. Diversion of such ground water night bo 
made by walls near the source.

o. Ground water saved by destruction of natural river-bottom growth 
or by reduction of evaporation and transpiration through a lowering of 
the water table caused by pumping. Except for that in areas covered with 
rivor-bottom growth, there is only a small amount of additional cultivable 
land. The ground water saved by clearing such land would be available 
for use either by additional uater-well developments on the land or by 
allowing it to return to the river for later diversion. Some ground 
water Thich would otherwise be lost by evaporation and transpiration could 
doubtless be saved through lowering the water table by punping from wells.

4. Surface water that must now be allowed to move downstream in the 
Gila River to meet prior claims. Iluch of this uater is used en route by 
phreatophytos or lost through evaporation. HcnovcLL of river-bottom growth 
would save some of this water for beneficial use.
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Table 1. Records of typical vrells in 3affcrd Basin, C-rahan County, Arizona, 

(All uells are drilled except nells 76, 2C2, and 553.) 
(Table 4 lists analyses of v/ator free, all v/ells except 76, 455, 
597, 616, and 663.)

No.

24

51

75

78

07

156

Location
'

About 0.5 mile
north of Bylas
Post Office

T. 4 S.^ H. 22 2.

Nv$r-S3^ sec. 13

T. 4 S. , R. 25 2.

NEcilVJ^; s ec . 18

S~£eS3£ sec. IS

SSbiMSsb sec. 27

?._5_j>.^,_2?JL

SF."%S!!c: se c . 1

Ovrner

U. S. Indian
Service

Bert Hinton

Ii. " : . Black

do

Heriaan Uhli

Roy Layton

Drillor

-

L. 17.
Far r ins ton

-

-------     -j

L. -7.
Farrington

Date
cor.i-
ple-
ted

IS £7

1^3£

-

  "' *' **'

-Altitude
aoove
sea level
(feat)

_

2641.45

2659.99

2S7C.71

2705. 7£

Depth
of

\73ll

(feet

100

76

26

72

65

66

Diam­
eter
of

veil
(in.)

20

IS

72

1C

24

12

a/ Measuring point v;as usually top of casing, "top of pump base, top of rrator
pipe clamp, or top of uell curb. 

b/ T/ turbine; 3, bucket; C, cylinder; 0, diesel oil; G, gasoline or natural
gas engine; H, hand; "7, ni
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records obtained by H. B. Horrison, H. R. IIcDonald, and '7. T. Gtuart

No.

24

51

76

7S

87

156

V/ater level
DeptliJ " Date of
be leu measure-
Lieasur- ment
ing point
(feet; a/

23 d/

18.4

19. S

24.5

25.8

30 d/

_

12.5

13.7

Nov. 13,
1941

Nov. 2$,
1939

Jan. 19,
1946

Oct. 19,
1939

Jan. 19,
1946

Feb. 20,
1940

_

llov. 29,
19G9

Hay 22,
1946

Pum
and
power
*/

T,C

71 f. i,^

-

rp p -L > Lr ,

rri r« 
J-Jl^.

T,G

Use
of
rater
c/

D,l

I

N

I

I

I

Temp.

o_
F.

66

5G

-

,

-

-

-

Remarks

"Bylas ?/l. :T Discharge 1,025
gallons a minute, measured
July 7, 1941; draudoun reported
as 13 feet.

Draudoim reported 25 feet T7hen
puny ing 2,000 gallons a minute.

Dug shaft 5 by 7 feet, lined
rrith concrete. Fornerly used
for irrigation but noir abandon­
ed. See f^raph, f inure 4.
Discharge 1,570 gallons a minute,
June 5, 1941; 952 gallons a
minute, May 3, 1943. Reported
drilled through 28 feet of hard-
pan and then through 42 feet of
uater-bearin^ gravels.
Discharge 1,750 gallons a minute,
measured Ilay 9, 1941; IS feet of
drandcini after continued  numpj.ng..

Drawdotm 10 feet after 10 hours
pumping. DischarQc 1,054 gallons
a minute, July 23, 19-C-O; 1,150
gallons a ninutc, June 15, 1944.
See lofi. ____ __  ___ .__ __ _.. 

c/ D, domestic; I, irrigation; S, stock; N, none, 

d/ V.'ater level reported.
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Tab

No.

...    .

199_

209

266

282

284   "*  ""  **

301

313

318 

339

341

560

le 1. Records of typical v/ells in Safford Basin, Graham Count

Location

^3,^,24 3,

TT^'WT-- <5or» 9H-^B_is«_ ^ec . fj\j

ft .1 '- ' ^"n _ r» 1oxj^oii.-: sec . oj.

Tj_e^A._2A ,.

S^E^ sec . 4

S^lCv- sec. 13

Suj^S^fe" sec , 15

ir£H3|^ sec. 13

I-.A.S.^A-.SP.^
ItT^rlO.^ sec . 7

lC2jlI3^: sec. 17 

ItS>';-lT'J..i sec. 22

STJ-^S^ sec. 23

S2-;:S7^ sec. 29 ^

Owner

L. C. Hooper
J^.-.J'vJ^JL0

Sldon
Palner

Curtis
Canal Co.
Guy
Anderson

do.

Dodge-Kevada
Canal Go.

Jack Bryce 

Vance
L^arshall

Jessie Gcciez

Hd Iio\?ard ^

Verne Pace
_^tjate__

Driller I3dto
C GI.1-

P  ̂ ~

ted

- Saithson

L. W.
Farrington

£. G. Holers

-i«. G. Holers

Gila Gil
Syndicate

3. G. Rogers

do.

L. G. Rogers

J« A. T/atts

_

1941

1938

-

1940

1940

103?

 " -j. n

Altitude
a'oove
sea level
(feet;

_

_

_

2814.59

-

-

2377.76

-1", -ferizona-Cont

Depth
of

uell
(feet

72

76

52

25

3767

10o

4,,

75

90

_.. JT   

Diam­
eter
of

uell
( in . }

-1"" 

.16 __

16

36

16

24

16

16

___!§, __

16

1G
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No.

109

209

266

282

284

301

313

31C

330

341

360.

*./ater level
Depth Date of
belo"; neasure-
measur- ment
ing point
(feet) a/

41.3

50.7

-

24.7

20.8

-

FlOTJS

 

61.7

60.0

22.0

21.1

52.6

£1.6 ^

2G.4

Jan. 24,
1945

Jan. S,
1942

-
Oct. 26,
1939

Jan. 19,
1946

-

-

Aug. 28,
1940

Jan. 17,
1946

Feb. 17,
1940

Jan, 17,
1946

June 5,
1940
Jan. 12,
1040

Uar. 26,
1940 _

Pun?
and
Toner
V

J^.

T.G

-£&

...Bo-H.

.  i n
_.VT

_

T,G-

T,G

T,C-

..T,Pi.

_JL.G..

U33

of
:;atoi

£/

T

JL

.1...

D

T

I

J.

_

I

1

JL

; --  --.-....,..._

Tempi

°T

69

-

-

Go

-

138

69

6G

61.

69

-

3er.iarks

Discharge 330 gallons a nihute,
measured July 1C, 1940; 753
gallons a minute, 1942.
Discharge 850 gallons a ninute,
neasured June 12, 1941; 1,250
gallons a minutoj March 17_, 1944..

Discharge 557 gallons a minute,
neasured June 21 ? 1940. See lor-^.
Drg r/ell; brick lining. 3ee
graph, figure 4.

V/ater-'bearing gravels 41 to 45
feat and 46 to 43 feet. Dis­
charge 755 gallons a ninute,
Juno 30, 1?40; 644 gallons a
ninute, June 23, 1943.
::I>.ry S. Ma.ck:: oil test. Dis­
charge 1,550 gallons a minute,
neasurcd Feb. 20, 1940; 1,350
gallons a niinuts Ax>ril 20, 1942.

Discharge G30 gallons a minute,
rieasurod 1942. 3eo log.

Discharge 730 gallons a ninuto,
measured June 19, 1940; 630
gallons a minute, March 16,
1044. 3eo lo£_.
Discharge 920 gallons a nxLnuto,
measured August 13, 1941; 719
gallons a minute, April 1943.
Sec log.. _ __ .
Discharge 1,575 gallons a minute,
measured July 12, 1941. Soc lqg_.
PoTTcrcd by tractor motor. Dis­
charge 500 gallons a minute,
Juno 22^ 1940. See log.



Table 1. Records of typical -Tolls in Safford Basin, Graham County, .Arizona -

No.

413

453

454

505

513

527

554

593

597

601

604

616

Location ! Owner

T. 6 3._, H. 26 2. j

i
l IF. u.

SYF^S f^: sec. 31 [Skinner

T fi 9i °P Pft " '* ''

I
NSfeSSgf sec. 31 IS. A. Clonts

Kjj^jNE^ sec. 31 i Canal Co.

I 
T. 7 S.C R. 25 S.J

1 Young, lioopes
SS^T.T^. sec, 2 iLIoody, Porter

iTed
Sv^fcO£ sec. 4 jFer^ttson

S5feS3fe sec. 12 llayton
:

T. 7 S. t H. 26 S.i

| Grahsii'' Canal
S^feS^^sec. 5 jCo.

1 3. LI.
S^SVJj; sec. 13 | Claridge

1 Charles 
112^35^ sec. 15 1 Pursley

] Union 
SH&Tfe sec . 15 I Canal Co .

; La\7rence
SS^S".^ sec. 16 i duller [

i S. Kiraball ''.
HJ^SS^; sec. 20 j - Greenlialgh|

I Driller

~£. G. Rogers

do.

3. A. V/atts
L.  '.

3Tarriiv2.toii

H. G. Rqr^ers

do.

do.

S. G. Powers!

1 Dcte
i cou-
; -ole-
| ted

1937

_

 

1740

1938

-

-

Alt itude
above
sec. level
(feet)

2081.19

_

-

-

2022.44

2901.08

29G3.88

-

2958.30

2964.32

De-oth
of

->:ell
(feet

41

52

57

90

70

100

59

90

"_""

106

51

Diam­
eter
of

uell

16

16

16

20

20

16

16

20

15

£0

20

6



No.

413

453

454

505

513

527

554

593

597

601

604

616

_.__,-*

"Tater level
Depth Date of
below measure-
neasur- ment
ing point
(feet) a/

13.8

-

21.3

22.1

-

_

34.4

12.4

22.2

£0.6

16,4

15.9

_

_

4S.O

48.3

Jan, 15,
1940

-
Jan. 23,
1940

Jan. 17,
1946

_

_
Jan. 11,
1940

Nov. 24,
1939

Nov. 29,
1939

Jan. 17,
1946...

Nov. 2,
1939

Jan. 17,
1946

ITov. S,
1939

_
Oct. 2C,
1059

Jan. 19,
1946

Pump Use
and of
poner *.:ater
by c/

  T,G- I

TjG" I

T,G I

rn r* T

T, G- I

T,C- I

T.S I,    >       (f  

T,G I

C/J 3

T,Cr I

T,G I

G,H N

Ter.ro. :;

F. :  Remarks

IDischarge 930 gallons a minute,
imeasured July 12, 1941; 865
igallons a minute, measured 1942.
jSee log.

pstimated discharge 900 gallons
!a minute, 1940; 822 gallons a
 iminute , measured 1942 .

67 I
iDischarge 300 gallons a minute,
11940,

'iDischarge 1,500 gallons a minute,
[measured July 10, 1941; 1,635
Igallons a minute, measured

66 ! Larch iT , 134*.
:| Discharge 490 gallons a minute,

56 hneasured July 11, 1941. See lo&.
| Discharge 2,130 gallons a minute,

62 i measured Jiuf^* 1 , 1940 .

i Discharge 1,460 gallons a minute,
imeasured June 27, 1941; 1,050
I gallons a minute, measured Feb.

- 129, 1944. See log.
 | Discharge 1,740 gallons a minute,

66 ! measured July 1, 1941; 1,500
Igallons a minute, L'lar. 30, 1744.

- 1 See graph, figure 4.

iDischarge 4,650 gallons a minute,
66 i measured June 25j_ 1941.

j Discharge 970 gallons a minute,
i June 19, 1940; 1,250 gallons a

64 i minute, measured 1942.

- !
! See graph, figure 4.
i. -     -  
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Table 1. Records of typical uells in Safford Basin, Graham County, Arizona - Cent

Ho.

662

663

674

678

707

Location

*JJ^*.*JL

NS^N2i^ sec. 2

TtfTPTrflTv^ QO^ ^ M H ̂ VJ-Jk. _ CJt/C   C

lIE^SSij s ec . Q

SZt^SSzr se c   7

^Trt^T T~f - e«f»r> ?^   i^^i 't . f^ o fcj w . <w '^

Cuner

Ivirs. Jose
Soi-iora

: Big Five"
Irrigation Co.
Zelna Clonts,
7. V. Butler

L'irs. 2. L.
TidTrell

Clyde 
Xenroton

Driller

IT. S. Geolog­
ical Surve3r

S. G. Rogers

do.

_

Date
com­
ple­
ted

1940

1938

-

Altitude
above
sea level
(feet)

 

3053.93

-

-

Depth
of

uell
(feet)

19

110 .

81

. . . _ . .   ,

-

81

Diam
cter

of
uell
(in.

36

20

16

-

16 .

a/ Measuring point nas usually top of casing, top of pun? base, top of uator
proe clanrp, or top of Hell curb, 

b/ T,"turbine; B, bucket; C, cylinder; 0, diesel oil; G, gasoline or natural
gas engine; H, hand; *7, \7indmill.



No.

662

663

674

678

707

TJatcr lc
Depth
belou
measur­
ing point
(feet) a/

17.9

_»

15.8

16.1

_

_

jvel
Date of
measure­
ment

June 6,
1940

Jan, 11,
1940

Jan. 17,
1946

_

_

Punp
and
POT70I-

b/

-

T,G

T,G

T,G

T,G

Use
of
natcr
si

-

I

I

I

I

Tenro.

°? . Remarks

jDug   ell for Tiatcr-level observa-
itions. See log. Sec graph,
!fi^r.rc 4..
pischar3o 1,520 gallons a minute,
imaas-arcd Juno 20, 1940. See log.
 

68 j Discharge 9SO gallons a minute,
iracasured Juno 20, 1940. 768

Jjgallons a ir-ir-utcj. PjCasurpd^ JL.G^/i,.,
1 Discharge 1,200 gallons a roinutc,
Ineasurod June 20, 1940; 1,230

65 \ gallons a minute, measured 1942.
1 Discharge 380 gallons a minute,
I measured July 12, 1940; 1,050
! gallons a minute, liar. 50, 1944.

60 iSec lor;.

c/ D, domestic; I, irrigation; 3, stock; K, none, 

d/ "later level reported.
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Table 2. Logs of typical wells in Safford Basin, 
Graham County, Arizona

Thickness 
(feet)

[Depth 
Kfeetj

Thickness i Depth 
(feet/ I(feet)

Log of well 156 
Roy Layton, owner.

ec.-l, T. 5 S. , H. 23 E,

A- J.J. 4. __     __

TCater gravel - - -
Clay -------
TOTAL DEPTH - -

- - - J.L5 

- ^A

- - - 1 ?

-LO

54 
6S 
68

Log of well 256
Curtis Canal Co,, owner.

sec. 4, T. 6 S., R. 24 E

To water -------- 20
~/ater gravel ------ 19
Hard clay ------- 13
TOTAL DEPTH ------

Log of well 313 
Jack Bryce, owner.

J& sec. 7, T. 6 S., R. 25 E,

20
39
52
52

60
2

Topsoil and boulders to 
water ---------

7/ater-bearing sands - - 
Sand and clay- ----- i
"later-bearing gravels- - 30 
Clay ---------- 7
TOTAL DSPTH ------

Log of well 318
Vance Marshall, ovmer.

J sec. 17, T. 6 S. , R. 25

60
62
63
93

100
100

Top fill to water - - - 30 
Gravel --------- 10
Clay ---------- 2
TOTAL DEPTH ------

Log of well 359
Wallace and Palmer, owners.
NS4Nft£ sec. 22, T. 63., R. 25

Top fill to water - - - 59 
Clean gravel ------ 16
Clay ---------- 5
TOTAL DEPTH ------

30
40
42
42

59
75
80
80

Log of uell 341 
Ed. Howard, o T.mer. 
S"^:^; sec. 23, T. 6 S., R. 25 
Thatcher

Hock fill (:.iany boulders) 
Clay ----------

Pi axr _ _   __ ___

or. m A T Ti"7C TT7

30 
20 

6 
2 

20 
12

30 
50 
56 
58 
78 
90 
90

Log of well 360
Verne Pace, owner.
SE|;3Vfe sec. 29, T. 6 S., R. 25 E.

Topsoil -------- 29 29
Gravel --------- 6 35
Clay ------ ----- 5 40
TOTAL DEPTH ------ 40

Log of well 413
F. M. Skinner, owner.
ST7j:SV£- sec. 31, T. 6 S., R. 26 E.

Fill --------- 10 10
'later rjravel _____ 31 41
TOTAL DE?rZI ------ 41

Los of well 513
Ted Fergusen, owner.

sec. 4, T. 7 S., R. 25 E.

Topsoil -------- 44
Clay ---------- 17
Gravel --------- 10
Clay ---------- 9
TOTAL DEPTH ------

44
61
71
80
80

Log of well 554
Graham Canal Co., owner.
SvTijSEg sec. 5, T. 7 S., R. 26 E.

Top fill -------- 14 14
T7ater gravel ------ 31 45
"Big clay:t -------14 59
TOTAL DEPTH ------ 59



Tablo 2. Logs of typical uclls in Safford Basin, 
._____Graham County; Arizona - continued 

ThicknessiDepth

26

Log of well 662
Mrs. Jose Somoro, ouner.
NT?.-?.],r^- o or, p np 7 Q p 07 ^^i'iiX4. SGw . <i , a.« / O. , iT. <S f .

Fine sand:* loam consisting 
mostly of silt and very 
fine sand with rare 3/4-inch 
pebbles --------- l^-
Siniilar to above but with
smaller pebbles ----- 1 2'1 .-
Poorly-sorted nediun gravel 
containing some silt and 
fine sand with some 2 inch 
cobbles --------- 3j- 6
Yfe 11-sorted medium gravel
containing some sand and
2-| inch cobbles ----- 9 15
TOTAL DSPTH ------- 15

Driller's log of well 663
Big Five Irrigation Co., owner.

 ^ T

1T\^:S3^ sec. 2, T. 73., R. 27 *

Top fill --------7 7
TJater gravel ------ 40 47
Silt (or very fine sand- 
gritty) ---------19 66
""Jater gravel ------ 6 72
Silty clay -- -----38 110
TOTAL- D3PTH ------- 110

Qriller f s log of well 707
Clyde Kempton, owner.
H^jNVg; sec. 20, T. 7 S., R. 27 E.

Fill ----------26 26
"./ater gravel ------ 52 73
Clay ----------3 Cl
TOTAL LiiSPTH ------- Cl
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Table 4. 7/eighted average analyses Tor Gila River at wo points 
in Safford Basin, Graham County, Arizona, for year 
ending September 50, 1044.

Analyses by Geological Survey. (Parts per million except 
s-oecific conductance.)

Date of collection

Silica (Si02 )

Iron (Fe)

Calcium (Ca) 
Magnesium (Ms) 
Sodium (Na) 
Potassium (K)

Bicarbonate (KCC^)

Sulfate {SO^J

Chloride (Cl) 
Fluor ide (F) 
Nitrate (HC-j)

Borate (B03 )

Dissolved solids: 
Sum-parts per million 

-tons per acre-foot

Eardness as CaCO,,:

Total 
Honcarbonate

Specific conductance 
(KaclO5 at 25 0.)

Percent sodium

1
1943-44

39

.17

51 
12
37 

r> o

204

39

117 
1.3 
1.1

.4

454 
. 62

177 
10

74.3

51

2
1943-44

36

.22

69
21

{ 246

212

161

316 

2.2

1.6

957 
1.30

258 
85

157

67

1. Gila River near Solcxaonsvillc, Arizona.
2. Gila Hivor at Bylas, Arizona.
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