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Purpose and cooperation
2he need for state regulation of ground-water resources in Arizona 

has become increasingly apparent. Inasmuch as such regulation must be 
based upon adequate information as to the quantity, quality, and use, as 
well as the source and movement of the ground water, the Arizona State 
Legislature in 19^5 appropriated funds for the investigation of each 
ground-water basin in the state. The investigations are being made by 
the Geological Survey, United States Department of the Interior, under a 
cooperative agreement with the Arizona State Land Department, 
0. C. Villiams, Commissioner.

Much of the data contained herein were collected during an investi­ 
gation of the water resources of the Duncan Basin on the Gila River in 
1939-19^1 by the United States Geological Survey in cooperation with the 
State of Arizona and the United States Engineer Department. Since 19^1 
periodic measurements of water levels and an inventory of the pumpage 
have been made each year. Field work was done by H. M. Babcock, 
D. H. Bratton, R. L. Oushman, S. K. Gushing, H. G. Fernandez and 
L. 0. Kalpenny, engineers, S. 3. Korrison, geologist, and J. D. Hem, 
chemist, under the direct supervision of Samuel T. Turner, district 
engineer (Ground Vater), of the Geological Survey.

Location
The Euncan Dasin is a part of the structural trough that extends 

from the vicinity of Clifton, Arizona, southeastward to the vicinity of 
Lordsburg, Hew Mexico. AS described in this report, the basin lies 
entirely within Greenlee County, Arizona, between the confluence of the 
San Francisco and Gila Elvers and the intersection of the Gila River 
with the Arizona-lie^ Mexico State Line.

Southeast of the state line that part of the trough through which 
the Gila Hiver flows is called the Virden Valley* and the remainder, 
which has interior surface drainage, is known as the Animas Basin.

the Duncan-Ba$|&^and. th^^^^^J^tliey: is purely 
lecfted'.''!!! an:'1f£$^e^ problems of

the Arizona portion of the entire villey fil>m those of the flew Mexico 
portion,   However, this boundary has no geologic nor hydrologic basis, 
and it is believed that from the ground-water standpoint, the entire 
trough is inter-related.

She lower end of the Duncan Basin is limited by the Peloncillo 
Mountains, through which the Gila River has cut a narrow gorge* She 
Steeple Rock Mountains lie along the northeast side of the basin, and 
the Peloncillo Mountains lie along the southwest side. The basin ranges 
in width from 2 to 15 miles and is about 23 miles long. The basin 
consists of twc parts: the higher, uncultivated land which slopes down 
from the mountains on either side, and the inner valley, which is one 
sixth mile to 2j miles in width and contains all of the irrigated land.

Climatological data
Precipitation is about 10 inches a year at Duncan, according to a 

five-year record of the U. S. leather Bureau. Ho records of the 
temperature in the Duncan Basin are available. However, the mean annual 
terroerature at Safford, which is in the nearest comparable area and has 
an elevation of 2,900 feet, is 62.5 degrees Fahrenheit. In 19UU the



termeratnre raiu-e at Safford was from -/12 to ^llU. The frost-free 
season at Safford lasts about six months, The elevation of the inner 
valley of the Duncan Basin ranges from 3*335 feet above sea level at the 
gaging station at the lower end of the valley to 3*736 feet at the state 
line.

History of development
The Duncan Basin was first settled "by farners about 1575. 

Originally the farmers used water diverted from the Gila Sliver to 
irrigate their lands. However, especially in dry years, the river supply 
was inadequate and beginning about 1935 the river supply was supple­ 
mented by- ground water.

In 19^° there were 27 irrigatio'n wells in operation. This number 
increased to UU wells by January 1, 19^6. and further drilling is in 
progress. Table 1 presents records of typical domestic and irrigation 
wells in the inner valley. Plate 1 shows the location of all 
irrigation wells and all weils in which water levels are measured 
periodically.

The 19^0 census lists 151 irrigated farms with a total farm 
population of 1,156 in Greenlee County. A field survey by engineers of 
the Geological Survey showed U.669 acres under irrigation in 19^1. 
The principal cror>s are alfalfa, grain, cotton and vegetables.

Previous investigations
Sarlier studies by the Geological Survey in the Duncan Basin are 

described in tlie following reports: 
Surface water resources:

1. U. S. Geol. Survey 21st .Ann. Se^t. : pp. 335-38, 1900;
2. Storage of water on Gila River, Ariz. : by J. P. Lippincott, 

U. S. Geol. Survey Vat er- Supply Paper 33 » 1900.
3.v Surface-water supply ofVthe Coipradp^Itiver_.$as_inL. ....._ ......_

.' v_. .. If. Sv Geol. Survey water-supply papers. for-;;;

Water resources of Safford and Duncan-Virden Valleys,
and N. Ilex. , by S. 31 . Turner and others,
(mimeographed report).
Becords of wells and springs, well logs, water analyses and
nau showing locations of wells and springs, Duncan-Virden
Valley,, Greenlee County, ^riz. , and Hidalgo County, "8* 1-iex. ,
by H. 3. llorrison and H. K. Babcock, 19^2 (mimeographed
report).
Geology and ground-water conditions in the Duncan Basin,
Ariz. , by H. B. Korrison, 19^2 (unpublished manuscript).
'tfater levels and artesian pressure in observation x/ells in
the United States, part 6, Southwestern States and
Territory of Hawaii:
Calendar year 19^, T*ater-Supply Paper 911, pp. 63-72,
Calendar year 19^1, Water-Supply Paper $Ul , pp.' U3-HS,
Calendar year 19^2, ^ater-Supply Paper 9^9. pp. 28-31,
Calendar year 19^3, trater-Supply Paper 991, pp. ^3-^7,
Calendar year 19^. vrater-supply paper in preparation.
Calendar year 13^5, water-supply paper in preparation.



GSCLCG? C? TH5 3OTC*N B*SIU *KD ITS 3SUSCN 'TO G&OUfcD-WUTSR SUPPLIES

Character of basin
The Duncan 3asin is a deep trough that is partly filled with more 

or lens unconsolidated deposits of gravel, sand, silt and clay 
(see pi. 2). The trough lies between mountain blocks of older rocks 
which are mostly volcanic lava, although older granite, gneiss and 
porphyry are exposed near Clifton and older sedimentary rocks are ex­ 
posed six miles upstream along apache Creek. The older rocks which 
comprise the mountain blocks are hard and resistant and for the most 
part impermeable, although they may carry some water which issues as 
springs from cracks, fissures and weathered zones along the sides of the 
mountains. Nevertheless, the ground water in the Duncan Basin occurs 
principally in the unconsolidated deposits of the basin. Therefore 
this report deals chiefly wiJth the ground water in these deposits.

The mountain blocks perform two major functions with respect to 
ground water in the basin: (1) because of their higher elevations they 
have greater annual rainfall and thus contribute a large share of the 
water which enters the basin; (2) because they are composed of 
relatively impermeable rocks they tend to confine the ground water 
within the basin.

Cider alluvial fill
'The unconsolidated deposits of the Duncan 3asin were derived from 

the hard rocks of the mountain blocks and were washed into the basin by 
streams and by sheet runoff* The main body of these deposits, termed 
here the older alluvial fill, was deposited in an enclosed basin so 
that a shallow lake of the playa or semi-playa type was formed along 
the axis of the basin. The older alluvial fill underlies all of the 
area shown in white on plate 2.. The thickness of the older alluvial 
fill may be 1,000 feet or more. There are no deep wells in the Duncan 
3asin, and the thickness of the older alluvial fill must be estimated 
by comparison with similar deposits in the Safford Basin. The deepest 
well in the Safford Basin reached 3«?67 feet without repotting bedrock, 
and encountered several deep water-bearing beds. It is possible, 
therefore, that deep aquifers exist in the Duncan Basin.

!Jear the mountains on both sides of the valley the older alluvial 
fill consists chiefly of boulders, gravel and conglomerate with small 
amounts of silt and sand. The.conglomerate is mostly in the northwest 
end of the basin. The width of this "gravel zone" is from 1 to 2 miles 
on each side of the basin. The "gravel zone" of the older alluvial 
fill is partly consolidated and oily moderately permeable. I«ayers of 
relatively impermeable caliche originally occurred throughout the upper 
part of the gray-el zone, but streams have cut channels through these 
layers, tfater from rain and from stream-flow enters the fill along 
the stream channels and moves slowly toward the axis of the basin; where 
it is discharged by artesian springs and seeps which rise along faults 
near the axis of the basin.

The materials which comprise the older alluvial fill gradually 
become finer toward the interior of the basin, grading first to inter- 
bedc.ed sand and silt with some gravel, then to silt with some sand, 
and. finally, along the axis of the valley in the "lake-bed zone" to 
r,ilt and clay with local stringers of sand. The silts and clays of 
the "lake-bed zone" are impermeable and they contain traces of salt and 
gypsum in places, but no beds of rock salt or gypsum are known.



Alluvial fill of inner valley and tributary washes
After the oldef alluvial fill was deposited, the Gila River entered 

the basin and cut a valley in the fill (see fig* 1). Thi$ started a 
cycle of erosion that included development of gorges through the mountain 
barriers and rapid cutting of the fill in the interior of $h6 basin. 
After the first rapid cutting the erosion slackened, and an erosion 
surface was developed on the softer* areas of older alluvial fill. This 
surface is about 50 to 100 feet below the original deposition**! level 
and it slopes gently toward the Gila River. It is covered with a thin 
mantle of gravel, and is the main  'mesa" level above the river plain 
near* Duncan.

Subsequently the river accelerated its rate of erosion and cut a 
second, narrower valley, about. 200 feet deep, within the larger one. 
This valley was then re-filled to a depth of 50 to 100 feet with 
materials brought in by the river and its tributary washes. 5he part 
of the basin underlain by these younger deposits is called the inner 
valley and includes all of the irrigated lands. The alluvial fill of 
the inner valley consists of beds of gravel, sand and silt which are 
irregular and discontinuous, so that wells very close together may 
encounter water-bearing beds at entirely different depths. However, as 
the layers of silt are not e'6ri$i«ii<ms» tfater from the surface may 
percolate downward* often by circuitous Routes, to recharge the under­ 
lying ground-water reservoir^ ^ella in ihe" inner valley produce from 
170 to 2,250 gallons j>er minute*

GRQUNIMMER RESOURCES

Cider alluvial fill 
Occurrence of ground water

Along the sides of the basin ground water is found in the beds of 
sand and gravel that occur in the "gravel zone 11 of the older alluvial 
fill. The lake-beds of the older alluvial fill near the center of the 
basin are believed to be largely silt and clay, but they probably con­ 
tain some fingers of sand and gravel that represent extensions of the 
gravel zone, These JPingefs of eand and gravel very likely contaj^r^j^ 
\^^KJ^^^ji!r^^^--^ti^^fm 9 wfaidh "would supply welle -penetrating£££   
them. 'However;-orily^ie well has tapped the water-bearing beds of. th« 
older fill and therefore the extent and depth of these beds are not 
known.

Source of ground water
Recharge of the older fill is from rainfall and from seepage from 

streams crossing the outcrops of sands and gravels deposited near the 
mountains. Direct recharge from rainfall is probably small because 
relatively impermeable caliche at and necir the land surface in the 
older alluvial fill acts as a partial barrier except where it has been 
cut through along tributary stream channels. *. large paj.t of the water 
in these tributary streams usually sinks into the allu\rivjp lining the 
channels, in which it moves downstream as underflow. * part 01 this 
underflow is fed into permeable beds of the underlying oid.5r xllavial 
fill. Probably the ground water is unconfined in the "gra/el zone* but 
as it moves toward the center of the basin it may tatc»i 'he fingers of 
sand and gravel that extend through, the lake beds and be coufi.ied under 
artesian pressure. The water probably becomes mineralized as a result 
of contact with the salty clay and silt beds of the older alluvial fill.



According to Schwennesen ' , the slope of the water table is such 
that ground water from the ^nimas Basin may enter the Duncan Basin from 
the south in the vicinity of Franklin, This is also indicated "by studies 
of the change in chemical quality of water in the Gila River near 
Franklin.

Discharge of ground Water
Some of the water in the permeable beds in the older fill 

eventually reaches the surface through artesian springs that rise along 
faults. One such spring is found in Eainville Wash, east of Duncan. 
Others anT>ear along the course of the Gila Aiver. Not all of the 
faults will transmit water* as some 6f them are sealed With clayi 
Some of the water °£ the older lilt moves slowly upward through the 
most permeable t>arts of the lake-bed zone and enters the alluvium of 
the inner valle^ of the Gila River. Since the water from the older 
alluvial fill is more mineralized than that from the river alluvium, 
its presence has been detected by chemical analysis of water samples.

Alluvial fill of inner valley and tributary washes 
Occurrence of ground water

Ground water is found in the sand and gravel beds of the alluvial 
fill of the inner valley of the Gila River. These beds are the source 
of water for all of the irrigation wells in the basin. Smaller quan-^ 
tities of ground water are found in the alluvial fill in some of the 
larger tributary washes, where several domestic and stock wells are 
located. In many of the tributary washes, however, the alluvial 
deposits are only a foot or two in thickness, and thus cannot supply 
water for wells.

It is well to earohasize the fact that the water-bearing beds in 
the alluvium of the inner valley are not continuous. A bed of gravel 
may be 10 feet in thickness at one point, and at a distance of 100 feet 
it may be only 2 feet in thickness. These water-bearing beds are found 
throughout the inner valley, although they are less extensive from 
Five O'clock Wash to Goat Camp Creek.

Source of ground water
Ground water in the alluvial fill of the inner valley is derived 

primarily from three sources; (1) Water which enters the alluvial fill 
of the inner valley from the older alluvial fill in the form of springs 
and diffused upward seepage; (2) underflow of the Gila River and its 
tributary vrashes; (3) water which enters the alluvial fill from rain­ 
fall and from infiltration of irrigation water (both from canals and 
from fields). If the water table were lowered below the level of the 
Gila River, recharge from the river would also occur. All values given 
here for recharge are from a previous report of this office^'

I/
Schwennesen, A. T. , Ground water in the Animas, Playas, Hachita and 
San Luis Basins, N. Mex.: U. S. Geol. Survey Water-Supply Paper ^22, 
pp. 89-90 and 112, 1918.£/""
Turner, S. ?., and others, Water resources in the Safford and Duncan- 
Tirden Valleys, Ariz, and IT, Mex.: U. S, Geol. Survey mimeographed 
report, TOT>. U3-U6, 19Ul.



The total recharge in the inner valley of the Duncan Basin from all 
sources during 12 months "beginning Cctobefr 1, 1939* and Ending 
October 1, 19*40, was about 22,000 acre-feet*

Recharge to alluvial fill of inner Valley from older alluvial t fill. - 
The recharge from this source amounted to about 2^500 acre-feet of

water during the l&-iabnfeh period selected, fchis, of course, is equal to
the discharge of grttund water from the older fill.

Ttnderf low. -Water stored within the earth is nearly always in 
motion, although in some places the rate of movement is only a few 
inches a year. "Underflow11 is a term used to describe a particular case 
of this movement of ground water, that which occurs through a channel 
of permeable material underlain by relatively impermeable material. 
Underflow is frequently associated with surface flow in rivers, although 
it may occur when there is no surface flow in the overlying stream. 
The rate of underflow is determined by three factors: the slope of the 
water table, the cross- sectional area of the water-bearing material 
where the flow is to be measured, and the permeability of the water­ 
bearing material. The rate of underflow may be expressed as gallons per 
mirate or per day, miners inches, cubic feet per second, acre-feet per 
day or per year, or any other convenient units. In this report, the 
values given for underflow are in terms of cubic feet per second and 
acre-feet per year.

Underflow of the Gila River through the alluvial fill of the inner 
valley at the Arizona-New Mexico State Line has been calculated to be 
about 10 cubic feet per second or 7t200 acre-feet per year, based upon 
the following factors: The width of the alluvial fill of the inner 
valley at the State line was 1.6 miles, the average saturated thickness 
was 70 feet, the slope was 13 .feet per mile, and the coefficient of 
permeability was 5,QOQ unitsi/. This coefficient was obtained from 
the results of a pumping test and from laboratory tests of samples of 
the water-bearing materials. This underflow of 10 second-feet is 
derived from recharge from the surface flow of the river and from: all 
otfcer sources in the Grila River Vail ejr. above the, State.*:14ne*-r

Underflow from tributary washes Is largely _conc*ntratedj in- the 
Arizona portion of the "Duncan-Virden Talley". The 19*H report showed 
that in the entire valley as defined in that report it totaled about 
12 cubic fest per second, or about 3,700 acre-feet in a year. About 
80 percent of this underflow, or about 7.000 cubic feet a year, 
occurred in \.he Lmncar. Basin, downstream from the State line.

Infiltration from irrigation and rainfall. -According to the 
report, ar/orcxinia-cely one-third of all water passing through canals 
and about one-fourth of all water applied to the fields for irrigation 
percolates downward to the ground-water reservoir. This means that 
one-half of all the surface water diverted and one-fourth of all the 
water pumped enters the ground-water reservoir. In the entire 
"Duncan-Virden Valley" this amounted to about 17tOOO acre-feet of 
recharge between October 1, 1939   and October 1, 19*K). The part

Gallons per day through one square foot under a hydraulic gradient 
of one foot per foot.



applicable to the Dune an Basin would-be about 60 percent, based upon 
the ratio of U,6b9 acres irrigated in the ^rizona portion to 7.7^9 
acres in the entire valley. Thus, \;he recharge from this source in the 
Dune an Basin was about 10,200 acre-feet during the 12 months.

Paring the same 12-month period, recharge t ?om rainfall on the 
alluvial fill of the inner valley of the Duncan Basin was between 350 
and 700 acre-*feet.

Discharge of ground water
Water is discharged jf rom the ground-water reservoir in the 

alluvial fill o£ the inner valley ooth ^y pumping and by natural dis­ 
charge. Natural discharge occurs by means of transpiration and evapo­ 
ration* In the area occupied by phreatophyt es , or plants whose roots 
draw mbisture directly from the ground-water reservoir; by evaporation 
from bare, wet land surfaces in the river bottoms; by underflow out of 
the basin along the Gil a Elver; and by seepage from the ground-water 
reservoir into the river.

Punroage.-The irrigation wells in the Duncan Basin range in dis­ 
charge from 170 to 2,250 gallons a minute; in depth, from 29 to 150 
feet; in pumping lift, from 10 to ^5 feet; and in diameter, from 6 to 
20 inches. Host of the wells are Used to supplement surface-water 
diversions, and only a few arte used as a sole supply of irrigation 
water. Table 1 lists records of these wells and plate 1 shows the 
location of them.

The Geological Survey has kept a record of the water pumped in 
the Duncan- Virden Valley since October 1, 193S (see table 2). 
Figure 2 is a graph showing the quantity of water pumped in comparison 
with river flow at the Arizona-New Mexico State line and fluctuations 
of the water level in wells. The number of irrigation wells in use 
has increased greatly during this time and the amount of water pumped 
in 19^-U was 3^ times that pumped in igUo. Table 2 shows the pumpage 
from irrigation wells in. the Duncan Basin.

di scharge^The; ambURtyfrf ^yafeer used "by phreatophytes in 
the "Duncan- VIr den Valley11 , inclui&'&fgthe lands in Hew Mexico, during 
the period October 1, 1939 » to October 1, 19*K). was approximately 
12,500 acre-feet. About 75 percent of this, or 9t*K>0 acre-feet, was 
discharged in the Duncan Basin. During the same period evaporation 
from wetted lands in the Duncan Basin caused a loss of about 1V200 
acre- feat.

Underflow out of the valley at the gaging station near Clifton 
is computed to be less than 0.5 cubic foot per second, or about 350 
acre-feet a year, based upon a width of 0.04 mile, a thickness not 
exceeding 100 feet, a slope of 13 feet per mile, and a coefficient of 
permeability of 5»000 gallons a day per square foot.

The natural discharge into the river from the ground-water basin 
represents the amount by which the recharge exceeds the discharge 
resulting from pumping, evaporation, phreatophyt e use, and underflow 
out of the basin. Because pumping and the use of water by phreato- 
phytes are more or less seasonal, the discharge of ground water into 
the river varies greatly. In times of heavy pumping there may be no 
ground-rwater discharge into the river, and the flow may even be



s

reversed, with the river feeding the ground-water reservoir. The 
measurements made during the previous investigation showed the ground- 
water discharge into the river to vary from ^ to 25 cubic feet per 
second but, as indicated above, .there ma.y, be times when the river loses 
water into the ground.

Fluctuations of the water table
The principal factors that affect the level of the ground-water 

reservoir in the inner valley of the Buncan Basin are discussed below.
The effects of precipitation upon the water' table are as follows:

(1) Rainfall on the cropped area reduces the irrigation requirements so 
that less water needs to be pumped, and rainfall on the river-bottom 
area reduces the amount of ground water used ty fchreatophytesij
(2) Some"of the rainfall percolates directly to the ground-wate^ 
reservoir. The reduction in use and the addition of water are both 
factors that tend to raise the water level.

Phreatophytes affect the level of the ground-water reservoir, as 
their use of water varies from month to montlu It is greatest during 
Jtily and August, and causes the watei1 table in the river bottoms to 
decline considerably. Some of the plants of this class in the Duncan 
Basin i-.se as much as 5 acre-feet of water a year per acre of growth of 
average density.

The length of time that canals are in use and the frequency of 
irrigation affect the amount of recharge. Daring periods of heavy 
irrigation with river water, little water is pumped from wells, and 
the vra-'j-er levels tend to rise partly because the use of ground water 
is dsr...".ased and partly because vrater is being added to the ground- 
water reservoir by downward percolation.

 The pumping of an irrigation well lowers the water levels in pro­ 
portion to the volume pumped, creating a cone of depression near the 
well. AS pumping continues the cone deepens and expands and water   
moves tovrard the well from farther and farther away, thus tending to 
lower vhe general water level.

The stage of the Gila River affects the ground-water levels by, 
controlling the slope of the water table. A rise in river level dur­ 
ing a flood causes a corresponding rise in water level in nearby 
wells. This effect is usually of short duration and the water table 
declines as the river surface is lowered after a flood.

The graphs of water-level fluctuations shown in figure 2 repre­ 
sent typical conditions in the j)uncan Basin. Veil 6l, located down­ 
stream from an area of heavy pumping, shows annual declines in water 
level as a result of pumping, and periods of recovery each fall when 
pumping is curtailed. In wells 5 an<i 171* which are some distance 
away from heavily pumped wells, the water-level changes have a trend 
similar to those in well 6l, but on a smaller scale. Many measure­ 
ments of water levels have been made in the basin by the Geological 
Survey, and the results are published in reports listed in the section 
on previous investigations (p. k).

The fact should be kept in mind that the water level in the 
ground-water reservoir in the Puncan Basin is usually controlled by 
the vrater level in the river. Thus, water levels will not decline as 
rapidly in the Duncan Basin as they would in an area where they are 
not controlled by a perennial stream.



S-aFE YIELD

The "safe yield" of a ground- water reservoir. is "the practicable 
rate of withdrawing water from it perennially for huaan use 1* ' . In an 
irrigated area, such as the tiuncan Basin, where losses through evapo­ 
ration and transpiration are large, the use to which the water is put 
and the area of application greatly influence the safe yield.. The 
picture is complicated further bj^ the presence of a through-flowing , 
stream (the G-ila River) which is intimately .related to the ground-water4 
reservoir. 'Thus the determination of the safe yield of ground Water in 
the basin involves an appraisal of both surface and underground water 
resources.   .

fche relationship between the ground-water reservoir of a basin 
and a through-flowing ritef may vary from one extreme, where the ground 
water 'reservoir feeds the river, to the other extreme, where the river 
feeds the ground-water reservoir. The relationship in the Duncan Basin 
is predominantly of the first type, that is, the water table slopes 
toward the Gila River and the ground-water body feeds the river. In 
this type of ground-water reservoir, the part of the water 'pumped; 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. How­ 
ever, during the heavy pumping season, the relationship in part of the 
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 table away from the river, and thus 
increase the rate of loss in flow of the river. Therefore, under 
either or both conditions, large-scale ground-water withdrawals tend to 
reduce the flow of the stream, so that it is necessary to determine the 
extent to which this is permissible before the safe yield can be 
estimated.

All the studies of quality of water in the basin were made by 
John D. Hem of the Geological Survey. A comprehensive report describing 
the water analyses and interpreting these analyses is being prepared . 
by Mr. Hem for both the Safford Basin and the "Euncan-Virden Valley1', 
and will be published as a water-supply paper of the Geological Survey. 
The discussion given in the present report is adapted from the 19^1 
report on water resources of the area and from the water-supply paper 
in preparation.

Chemical character of the gro'und water
Water samples from 21* wells were analyzed and were found to differ 

greatly in chemical character. Analyses of typical waters are given in 
table 3. The dissolved solids in the samples analyzed ranged from 250 
to 2,500 parts per million, but most of the waters ranged in concentra­ 
tion from 300 to 900 parts per million. Water from the older fill is 
usually higher in total mineral content than that from the recent 
alluvium. It contains a relatively large proportion of sodium salts, 
and fluoride, and is lower in total hardness.

Ileinzer, 0. E. , Outline of methods for estimating ground-water 
supplies: TJ. S. Geol. Survey Water-Supply Paper 638-0, p. 99, 1931.
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Chemical character of the surface water
The data available on quality of water of the Gila River in the 

Duncan Basin are contained in analyses of samples taken during seepage 
measurements at periods of low flow in 19*40 and 19^1. Water samples 
collected from the river at, the Arizona-New Mexico State line showed 
water of moderate mineral content, the total dissolved solids ranging 
from 1850 to Uo6 parts per million. The water was predominantly of the 
calcium bicarbonate type and1 suitable for irrigation.

Between the Arizona^New Mexico State line and the bridge on State 
Highway 75 at Diincan, the river usually showed a loss in flow because 
of heavy purapage in this area, but during the winter when very little 
water was pumped, the reach Usually showed a gain in flow. However, 
the mineralization of the iwater in the river usually showed a marked 
increase-between these joints. It is evident that, to produce such 
an increase, some highly mineralized water must have seeped into the 
river, but in too small a quantity to balance the loss in flow. (This 
seepage inflow must have been high in sodium sulfate and chloride 
because these constituents of the river water increased most.

Between the highway bridge at Duncan and the Colmenero Canal 
heading, U.3 miles below Duncan, there was some further increase in 
the sodium sulfate content of the water. From this point to Cosper's 
Crossing, one mile north of Sheldon, there was no appreciable change 
in the chemical character of the water. The river always showed a loss 
in flow through this section and at times of low flow the river bed was 
frequently entirely dry at Sheldon. At these times, it remained dry 
for a distance of about five miles.

During periods of low flow the river always showed a gain of at 
least eight cubic feet per second in the two miles immediately above 
York Canyon. The water in the river at York had a much lower mineral, 
content than the water that disappeared in the vicinity of Sheldon, 
indicating that the water gained was of very good quality. Several 
large washes enter the river in the gaining section, and underflow 
from them probably accounted for a part of this gain. The balance of 
the gain is underflow of the river, forced to the surface by the narrow­ 
ing of the inner valley fill at this point.

Prom York to the gaging station at the lower end or the basin 
there were no significant changes in the chemical quality of the 
Gila River water.

Relation of quality of water to .its use 
Irrigation

It is probable that no serious problem exists at present regarding 
the quality of irrigation waters in the Dune an Basin, as most of the 
water used for irrigation comes from the Gila River. The river water 
is normally of suitable quality for irrigation. If it should become 
necessary to use ground water exclusively for irrigation of a given 
tract, some care would be required in its use to prevent damage to the 
soil, at least in the central portion of the basin where the ground 
x/aters contain high percentages of sodium. Nine of the 2U gr^c-.id-water 
samples analyzed were from irrigation wells. The dissolved scl.ids in 
this group range from 309 to about 2,500 parts per million. Uf the 
nine samples analyzed, six contained more sodium than calcium and 
magnesium.
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Domestic use

Most of the domestic well waters sampled in the IXincan Basin were 
only moderately mineralized, containing less than 1,000 parts per 
million of dissolved solids. Fluoride is one of the most objectionable 
constituents of waters in the basin. Fluoride was determined in water 
samples from 15 wells used for domestic and irrigation purposes. 
Fourteen of the samples contained 1.1 to 9.6 parts per million of 
fluoride. The sample from one well, at Sheldon* had no measurable 
amount of fluoride. 2he highest value found* $;£ parts per million, was 
in the sample from the deeper of two wells' furnishing Water for the 
Town of Dune an. Most of the higher fluorides were found in waters 
having high Concentration of sodium salts.

Hardness was determined or computed for all the ground waters* from 
the basin .that were analyzed. It ranged from 52 to 57& parts per 
million. Most of the waters in the lower ranges of hardness occurred 
near Duncah, where sodium concentrations were high. Most of the samples 
analyzed would be classified for domestic use as relatively hard waters.

Relation of quality of water to ground-water recharge and source
Common salt and gypsum occur widely throughout the lake and pi ay a 

beds in the older alluvial fill. Artesian seeps and springs sometimes 
carry these salts to the alluvial fill along the river, where they are 
mixed with the normally good water of the'alluvial fill. The increase 
in mineral content of the water in the G-ila River at low stages in the 
reach above the Dancan highway bridge indicates, xas previously shown, 
that some of the water from the older fill enters the inner valley 
near Franklin.

Although no wells that obtained water from tributary wash under­ 
flow were sampled in the Dancan Basin, samples from wells of this type 
in nearby Safford Basin indicate that this water usually has a low 
mineral content. As previously shown, the G-ila River in periods of 
low flow always shows, in the reach above York, an increase in flow and 
a decrease in mineralization of the water. This probably indicates that 
a rather large amount of underflow enters the river in this reach from 
several large tributary washes.

Discharge of dissolved salts from basin
According to the rather small number of analyses, the water dis­ 

charged from the basin in the Gila River below Guthrie appears to be 
slightly higher in dissolved solids and appreciably lower in hardness 
than that entering the basin at the State line. The data that have 
been obtained are not complete enough to indicate whether the total 
amount of dissolved matter carried from the basin by the river is 
larger or smaller than the amount entering it in surface flow and 
underflow.
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SUMMjtS? aND CONCLUSIONS

The principal proven ground-water reservoir of the Duncan Basin is 
the sand and gravel fill of the inner valley along the G-ila River. 
ihe water in this ground-water reservoir is derived from underflow into 
the inner valley along the Gila Hiver and tributary washes, by recharge 
from caial seepage, irrigation and rainfall, and by movement of water 
from the underlying beds, through fault springs and diffused upward 
seepage. The total amount of recharge to the inner valley of the Duncan 
Basin was about 23,000 acre-feet the twelve months from October 1, 1939   
to October 1, 19*40.

The development of ground-water supplies to supplement surface- 
water diversions has been steadily increasing in the Duncan Basin for 
the last ten years. All the wells with adequate capacity for 
irrigation use derive their water from the sand and gravel fill in the 
inner valley. The amount of water pumped has varied each year during 
the period of measurement beginning in 19^0* with a minimum of 1,3^8 
acre-feet in 19^1 and a maximum of S,600 acre-feet in 19UU.

Water was also discharged from the ground-water reservoir by 
evaporation and transpiration in the river-bottom area, by underflow 
out of the basin, and by seepage into the river. Daring the period 
October 1, 1939, to October 1, 19*40, it is estimated that 10,600 acre- 
feet of .water was evaporated and transpired in the river-bottom area, 
and that the underflow out of the basin was about 350 acre-feet. 
The amount of seepage into the river was not estimated, as this could 
not be done without extremely detailed work.

Water in the Gila River in the Duncan Basin is usually moderately 
mineralized, and is suitable for irrigation use. The water from many 
of the wells, however, has a rather high mineral content, with too 
great a percentage of sodium salts to be safe for irrigation use 
without at least occasional irrigation with Gila River water. Water 
from the wells used for domestic purposes was only moderately 
mineralized,- but the fluoride content in all but one of the domestic 
wells sampled was higher than is considered desirable for use by small 
children.

Because of the intimate relation "between the water in the ground 
in this basin and the water flowing in the Gila Biver, the regulation, 
of withdrawal of ground water will be af fectod by the legal rights to 
the use of the river waters. Therefore, in arriving at a determination 
of the principles that arc to serve as a basis for regulation of ground 
water withdrawals, careful consideration must be given to the interrela­ 
tion of '.;ater from the two sources. To illustrate the intricacy of the 
problens 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 many 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 iii the river channel 
dor/iistreard,
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2. Ground water derived from recharge by tributary-wash inflow 
and from natural recharge on outcrop areas, such as that which augments 
the flow of the Gila River above York. If this ground water is inter­ 
cepted before it reaches the river, the 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 might 
be made by wells near the source.

3.- 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. 3xcept for that in 
areas covered with river-bottom growth, there is only a snail amount 
of additional cultivable land. Ths ground water saved by clearing 
such land would be available for use either by additional water-well 
developments on the land or by allowing it to return to the river for 
later diversion. Some ground water ;?hich \;ould otherwise be lost by 
evaporation and transpiration could doubtless be saved through lowering 
of tho water table by pumping from wells.

4. Surface v/ator that now moves downstream in tha Gila River to 
moot prior claims. Much of this irator is used on route by phroatophytes 
or lost through evaporation. Homoval of river-bottom Growth would save 
somo of this water for beneficial use.



Table 1. Records of typical domestic and irrigation wells, Duncan Basin, Arizona

Sb.j Location

i
i

IT. 6 s., R. ^o E.

2! WfSEi sec. 1

IT. 6' s., a. 31 E.

£ ; CTPi"TTilH*- 0 A /« 7 T : wX*2T*' *»A S w C   i

12'j HWjiZWi' sec. 20

lUj SEjSEj sec. 19

21! HEjSWt sec. 17

28; SSjSEi sec. 18

29J SWjSBj sec. 18

30| SWjSSt sec. 19

3O-AiW^iJW^ sec. 17

j T. 7 S., R. 31 E. 
1 

311 SWjHWj- see. U

^R: flS^SJB^ sec, g

3S; aft* sec . 16

i D°-
3^ Do.

U^ KEq-KEj sec. 21

Owner

Minnie L. 
Eaton

Warner 
?oote

J. M. 
Wilton

Victor 
Rowden

J. M.
Wilton

H. Grady and 
H. Shade

Caster illb 
Estate

tfillis 
Cospcr

J. W. 
?ootc

- Barney

Z. A. 
Woods

M. M. 
Cospdr

do.

do.
M. C. M. 

Campbell

Driller

Dewey Lloyd

U. S. Geolo­ 
gical Surve

G. Dune an

R. D. Sidey

do.
Eugene 

Clay ton

_

S. Kathew

. . r........ ................. _ MH»
R. D. . :

do.

do.

do.

do.

Date 
com­ 
ple­ 
ted

19*5

191*!

.

M^

19ltU

^

  

19UU

  .

-

 

193*

Altitude i Depth 
above ! of 

sea level! well 
(feet) j (feet)

|

{65

s

3.*5?.*5 ! 15

\s6

3,508.81 I 80

!56

|C7

.» i  

[ 81

J35
i 
j.

3,5^.991-

3 R^.06 1 29

3,550.36 j 27

3.5*8.92 j ^8

193

Diameter 
of well 

(in.)

16

1

Ug

12

lU

20

 

16

lU

20

12

12

16

16

30

 %

at/pleasuring point was usually top of casing, top^ of punro base, top of water
:i wipe clamp, or top of veil curb.

b/jjT, turbine, Cf, centrifugal; B, bucket; 0, gar; 0, diesel oil; H, hand; 
number indicates horsepower.
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records obtained by H. M. Babcock, R. L. Cushman, and R. B. Morrison

>Io

2

.................5...

12

lU

21

28

29

?o

30-A

31

<*/
35

36

37

~... 39

U2

Water Der>th '"' 

below 
measur­ 
ing -ooint 
(feet) a/

g.»«)

2U.U2

36.12

21 e/

18 c/
...... .....TB:..... .........

2H.KO

13 £/

31.^8.

12. IS

22.18

18.16

ij ^/ ......
58.16

Leve_l 
Date of 
measure­ 
ment

A^ril 11 
19U6

Jan. 20 
19U5

do .
iSept. 

19UU
Anril 

19W*

aw

Arjril 11,
1QU6

March 
19^U

Awril 11, 
19^

Nov. 7 
1939

April 11 
19U6

do.

Nov. 7, 
1939

Pump 
and 

t>overy

T.G

":Tone

C,W
T,G 
35T..&.... 

22^

T,G

aw

T,G

Cf.G

T.O 
150

T.G 
60

C,H
T,G 
60 fVG""" 

85
C,G
4

Use 
of 
water

sl

I

K

D

I

I

I

I

I

I

I

I

D

I

I

D,I

Tenrn.

°j

68

.

 

...... ... .

 

_

53

^

 

Remarks

Driven sandvoint for water-level 
measurements .

Dug well.
Estimated discharge, UOO gallons 
a minute.
fieoorted discharge, 1,000 gallons 
a minute.
Reported discharge, 1,250 gallons a 
minute with drawdown to 65 feet.

^

 

Re-norted discharge 800 gallons 
B minute.

Discharge, 2,250 gallons a minute. 
Measured June 19*tt).

Discharge, 910 gallons a minute, 
measured June 19^0.

Well "as drilled for irrigation use.

 
Retorted discharge 1,000 gallons 
a minute.

Dug and drilled well.

c/ I, irrigation; D, domestic; S, stock; H, not used, 
d/ See Table 3 for w^ter analysis. 
ef vteter level rer>orted.
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:

Bo-;

1*2 1

*l

5«ij

56 1

63!

d
_69J

72!

73 i

75!

7O :

QO j

9ui
96 !

,,...........,.91.1

100 S

106 :

. 107;

109!

111!

ftitPr

below 
measur­ 
ing voint 
(feet) ?/

 53-51

_

_

- v

^7

12.30

9.6*

TO. 32

.A-.5P...........

16 e/

69. gu

29.25

8.06

25.65

12 e/

U.OO

11.00

1 :
Date of 
measure- : 
ment i

Aoril il.j

_ i

Anril ll.i 
19^6 i

Mar. 1 j
19^0 i

Jan. 31   j

Anril 11,!

Oct. **, i 
19*40 \

^arch ;

April ll.j

At>ril ll.j 
19U6 1

19^0* j
Anril 11, i 
19U6 ! 

July 1
.19H.............L
March 3, |

March 13,!

Pump 
and 
power

C,K
T.G 
25

T,G

T.G

None

150
T,0 
150

B,H
T,G 
70
T.G
70

T.O

B,H
Cf, G 
60

c.w

70
B,H
T,a 
60
T.G

T,G 
Uo
T,0 
150

Use 
of 
water
£/

D

I

I

I

N

I

I

D

T

T

I

D

I

D,S

I

D

i

t

i

i

Temt).

61

*r

 

t*

67

6s

63

61

58

Remarks

_

Dug and drilled well.
Discharge, 300 gallons a minute, 
measured A^ril 19^6.

Discharge, 1,9^>0 gallons a minute, 
measured IpUo.
Discharge, 1,250 gallons a minute, 
measured 19^0.

^.fell is bottomed in hard clay.
Reported discharge, 1,800 gallons 
a minute.
Discharge, 880 gallons a minute, 
measured July , 19^0 ... ..... . . .. .
Reiaorted discharge, 2,000 gallons 
a minute.

Lower t>art of well is in clay

Discharge, 2^0 gal id ns a minute, 
measured July 3, 19^0.

Dug well.
Discharge, ,690 gallons a minute, 
measured JxHy 2, 19^0.

Dug well
Ret)orted discharge, 900 gallons 
a minute.
Reported discharge, 1,800 gallons 
a minute.
Reported discharge, 900 gallons 
a minute.
Discharge, 1,350 gallons a minute, 
measured 19^0.
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Table 1-Cont. Records of typical domestic and irrigation veils, Duncan Basin, Aric

No«

120

,...122. 

12U

125

126
a/
130

131

132

133

l*

Itf

1U6

1^7

ll|g

lU9

150

151

152

, 153

160

161

Location

NEjNWj; sec. 32

....5Wi.Sli....se.c.,...32..... 

NWjtfEi sec. 33

SEjSTfi& sec. 33

5W|SBj sec. 33

S3)J-HY£ sec. ^U

SWti^t sec. 3U

ffiftStft sec. 3^

SE^Stfi sec. 3^

SV^SBj sec. 3U

SBjSDBj- sec. ^

ITEjSBj- soc. 3U

SJJjKBi sec. 3^1

NEjSEj sec. 19

IWiHfc'i sec. 2g

'JWiSWj sec. 17

SWjSEj scc . is

SEjl^ sec. 29

?.'A.i:j-A:_3?. s » 

SHjHW| sec. U

HS4KB£ sec. 3

Do.

<
1

0^-mer

D. E. 
Vilkins

Delbert
.....Mcyera.............. .... 
W. H. T.

CosT>er .
f . L. 
Crotts

do .

Koffett
IVanklin Irri­ 
gation Dist*

Gr. Lunt
Ployd 
McDaniels

G-. Ltmt
Franklin Irri- 
jg^tion Dist.

Valley 
Cansl Co.

Brought© n 
Lunt

Driller

- Berry 
H. 'Si 

Sidey

.

C. W. 
Jteelove

>»

C. W. 
Freelove

Eugene 
Clayton

Black & KcCleskey Blackie 
Onal Conroany Grp ss

W. Lunt

S. W. Coon

do.

B. Lunt

Chas. 
deadlock

Franklin Irri-« 
gat ion Dist.

do.

 »
George 
Liver man

3. Lloyd

^.

C* V. '     - 
Freelove

do.

Date 
com- 
T>le- 
ted

1910

19*59

IJOO

1939

-m

1939

I9l&

do.

do.

19^5

19^

do.

19^5

19^9

do.

fc. ... .......................

Altitude 
above 

sea level 
(feet)

3.691.72

..1,711,00..

, 5,713.91

t3^96.30

^, 696. 32

3,6g9.6l

3.693.50

it.7R6-jSL

.

3.69-5.9^

3.693.97

Depth jDiameter 
of !of well 

well 1 (in.) 
(feet)[

18 . N>.. .... ....._

im......4.A..............................
66 J12

!TO

159 J12 . .

..55..........M..............................

92 J20
J **

jig

32 136

50 J12

S9 !2Q

6U 120

g£ J20

71* lao

.r..............l.l6...........^.................^

80 Il6

67 U6

50 (20

71 1 g

77 120

SO |20



tfo

........ ....... .120

... . .. iaa

125
i&

, ..............130.
131

..... 132
.......................13.3.

136
1U6

1^-7

lty-8-

........ .........ite.
150

................1.5.1

.................15.2

..................153
160

161

Water
Depth 
below 
measur­ 
ing t>oin 
(feet) a/

ID* 6l

25.13

16 e/

23.20 .....v...................

,25. jo

20. 5^

18.20

10.1*6

13.80

Us. 76

25 e/

.^

50 e/

18 e/

30 e/

9,61

10.21

Level 1
D*»te of j£umx> 
measure-* i and 
nent i bowerI >>/

   

April 11,!

do. 1 C.H
127*

Aoril ll.j

April 2'§,j$,£

!<#,<*
Feb. 1, !T,0 
19US, \ ISO
Feb. 26 i T.G-

Aoril 11,!
19^6 ! Cf ,&

Mar. 5. ! T,0 
19^1 1 60

April ll.j T,D 
19^6 ! 150

May I 
l^UU ! T,G

U,5
Pel). 21 I'T.S

......13&...........1.55........

Sept. | T.-J

July i T,& 
19UU ! 35

U,o

Jan. | T,B 
1^5 j ^

Jan. 20, '[ T.6 
1QU6 | 150

1 T.O 
do. ! 150

^. ...............

Use 
of 
water

si

5

...P.,,1..

I

.,

I. ,

1

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Tenro

Oj.

CjU

66

^

,fii
^u

_

Remarks

BW-ell.
' '  

Discharge, 9^0 gallons a minute, 
measured July 10. 19^1.

Dug well.
Discharge 170 ^iToiiS a minute, 
measured July, 19^0.
Discharge, ftsb gallons a minute, 
measured .Aqgus ̂  .. . J9^0 1 ............ ... ........... .......
Discha.rge 1.8SO gallons * minute, 
measured Marcih 19^-1*
Discharge, 890 gallons a minute, 
measured June U f 19^ . . . «

Dug veil.

Discharge, 1,100 gallons a minute, 
measured April 11, 19^6.

Discharge, l,oOO gallons a minute, 
measured Aoril 11. 1^6.

ReDorted discharge, 200 gallons 
a minute.
Berwrted discharge, 1,500 gallons 
a minute.

Located in tovn of Franklin

-
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Table 1-Cont. Records of typical domestic and irrigatibn wellst Buntian Basin, Ari<

:

No* j Location 

i

t 

l6sl NEjUE-J- sec. ^

Iji { NBjflWi sec. °/

178J H*»«.ec. U

,....mj...sp.....................................
17UJ SSjNV/i sec. U

a/ MftaflmT'f n.01 T»rtHr»f. ti

tiwner

Pranklin Irri­ 
gation Bist.

Crotts and 
Odell

V. L. 
Crotts

0. 0. 
O'Dell

roe nonallv + ./%»» t\

Bi*iller

C. ^r . 
Preelove

 
HJugene 
Clayton

io.
Frank 
Stsrkey

f e+nolnif 4-.r

Bate! Altitude 
com- i above 
pie- isea level 
ted | (feet)

1939 J3.703.60

W3*Q*lV*M
1

t ' 

do . i-

do . 1-

IT» f\f Tniurm VtaeA.

I Bepth iDiameter 
1 of iof well 
iwell I (in.) 
j(feet]|

I g9 ]20

i6i lio
lea lia
t ;

|6o iio
4". «f% A 'f l^O 4*. AT"

pipe clarat>, or top of well curb.
b/ T, turbine, Cf, centrifugal; B, bucket; 0, gas; 0, diesel oil; H, hand; 

nunber indicr-tes horsCT>ov/er.
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NoJ 

1

162!._..
171!

..................172.!.

173!

17"*!

Water
De-oth { 
below j 
measur- i 
ing -oointi 
.iteetl.a/1

22. 2U 1

^6,12 1

2Ue/ 1

30~e/ !

35 £/ |

Level
Date of 
measure­ 
ment

Auril 11> 
19U6

do .

1914.14.

do.
B'ec. 
19UU

Pumt) 
and 

 oower
s/

T.O 
150

B,H

.T.G
T.G H
30

Use 
of 
vfater

si

j

D

j

I

I

Temr>.

67

_

Du^well
Retorted 
a minute
Retjorted 
a minute
Reported 
a minute

Remarks

*........-..........u................................l. «..--»
diichaJrge. 700 gallons

4 ! i
discharge, 6o6 gallons

discharge, 500 gallons
 

£/ I, irrigation; D, domestic; S, stock; N. not used. 
d/ See Table 3 for water analysis 
e/ Victor level re-ported.
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Table 2. Water pumped from wells, Duncan Basin, Arizona

. . 
^

Table 3* AftalV-sfes of typical groiind Waters, Dancan Basin, Arizona 
.(Veil numtei^s corre^poh'fl. .to htynbgrs on plate 1.

Ana^ei \?# <tbhn $. Hem 
Chemical constituents in parts per million*)

Well Number 35 111 130 171

Depth, feet 29 77" 55 W 
..9£t..e....samp.^
Specific conductance 

,....felP.?..M....?5°.?.)........ 5L.............. .^........,..............,..^.,........_...,......222^ ...._
Calcium (Ca) 56 83 ' ?2 U'jjT 
Magnesium (Mg) lU 25. t§. .. .?7........._.. ...33........
Sodium and -ootassium

(Na/Z) * U2 109 210 |f36 Bicarbonat e "(EC^}'"'""'""""2^8"""- "   -   y^y--"-"'----"-"-^""" ~-~ --^"  ""

Chloride (Cl) 22 UU |g_ Ijjj "nuoride"Wr""""""" """  -    ""- 

Nitrate (NOij) - 2U
IDissoived solids 369 6lO 877 l6bl 
Total hardness as 

CaCOj 197 310 ^.....................266.._ 2J3
IPercent sodium 32 ^3 63 78



Altitude in feet above sea level
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