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ABSTRACT

The community of Sells is located in Pima County, Arizona, on

the Papago Indian Reservation. The present study was undertaken to

determine the water development possibilities of the area. The geology

of the Sells area is composed of four basic units: intrusive rock, vol-

canic rock, cemented Tertiary(?) gravel, and valley fill alluvium. The

intrusive rock is essentially dry; the volcanic rock yields small amounts

of water to wells; the cemented Tertiary(?) gravel yields small amounts

of water to wells (locally saline); and the valley fill alluvium yields

from 10 gPm to greater than 200 gpm, depending on local thickness and

permeability. Data from geophysical investigations indicate that Sells

probably sets on a volcanic plateau, terminated east and west by boun-

dary faults in the basement rocks. The valley fill alluvium is thickest

and most permeable in the Baboquivari and Quijotoa valleys east and

west of Sells, respectively. Well yields in the thick valley fill alluvium

to the west generally exceed 200 gpm, and transmissivity values range

from 50,000 to 200,000 gpd/ft. A similar situation probably exists east

of Sells; however, more subsurface and pump-test data are needed to

evaluate accurately the alluvial aquifer there.

viii



INTRODUCTION

This project attempts to define some of the major hydrogeologic

factors which control the occurrence of ground water in the vicinity of

Sells, Arizona. Also, the author will provide some of the information

necessary for the formulation of a water-supply plan for the community

of Sells, Arizona.

It is the aim of this study to locate and record the volcanic

rock outcrops, intrusive rock outcrops, sedimentary rock outcrops, and

alluvial areas. These data in conjunction with water well data, geo-

physical 'data, and well log information will be used to establish the

hydrogeologic setting of the Sells area.

At this time, no attempt is made to separate the individual

volcanic rock units of the ande site-basalt complex present in the area.

For this present study, the individual intrusive rock units present in

the South Comobabi Mountains in the northern portion of the mapped

area have been grouped together to form the "intrusive rock unit."

Location and Accessibility 

The reader is referred to Figure 1 which locates Sells on the

map of southern Arizona. The project area includes two townships

(T. 17 S., R. 4 E., and T. 17 S., R. 5 E), although localities adjacent

to these townships are occasionally mentioned. The intrusive rock com-

plex of the South Comobabi Mountains forms the northern boundary of

the project, and the volcanic hills in Sells, the southern boundary

(Figures 2 and 3).
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Figure 1. Location Map, Sells Area, Arizona



Figure 2. Sells, Arizona, Northeast View; South Comobabi
Mountains to the North

Figure 3. Sells, Arizona, Northwest View; Low-rounded
Andesite Hills in Foreground
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Arizona State Highway 86 connects Sells with Tucson (60 miles

east) and with Ajo (65 miles west). Graded dirt roads connect Sells with

Gu Oidak (Big Fields) to the west and with communities to the east and

north. The road to Topawa, another important community south of Sells,

is paved, although south of Topawa the pavement ends. Only during

periods of heavy rainfall are the paved roads impassable. Automotive

travel on the back roads and trails is generally restricted to 4-wheel

drive vehicles and trucks. An airstrip north of the village can be used

only by small aircraft at present. Several drums of gasoline for emer-

gency use have been placed at the strip by the United States Air Force,

but aside from that, no facilities are available.

Climate 

The climate of Sells is hot and dry, typical of the desert country

west of Tucson. The summer temperatures often exceed 100°F., and al-

though the precipitation averages 10-11 inches per year, most of the rain

falls in July and August. Since the elevation of Sells is around 2,000

feet above sea level, the vegetation of the Arizona Upland subclass of

the Sonoran Desert biome predominates. Cacti, thorny-stemmed plants

and trees such as saguaro cactus, prickly pear and cholla cactus, mes-

quite, catclaw, palo verde, and in some places iron wood trees dominate

the countryside. Small animals such as lizards, quail, and jackrabbits

live in the area and provide food for the predatory coyotes, also common

around Sells.



Culture 

Sells, Arizona, is the politico-economic center of the Papago

Indian Reservation, which is the second largest Indian reservation in

the United States. Many important education and social activities take

place within the village. A large rodeo fairground and the only high

school on the Papago reservation are located in the community. A U.S.

Public Health Service Hospital and offices of the Bureau of Indian

Affairs, the Office of Economic Opportunity, Community Development,

Legal Aid, municipal police, and several other organizations are main-

tained in Sells. Most important, however, the Papago Tribal Council,

governing body of the reservation, has its main headquarters in Sells.

Businesses include two gas stations, restaurants, trading posts, mis-

cellaneous stores, and, finally, six churches serve the community.

Population Trends and Economy 

The population of Sells has increased steadily over the years,

and the increase is expected to continue in that trend. In 1967, the

population was 1,035, a 31.5 percent increase over the 1959 census

figure (Rund, Siegel, and Rumley, 1968, p. 19). The large increase is

probably due to two main factors: (1) people moving into the village

from outlying areas, and (2) non-Indians moving into Sells as the gov-

ernmental, education, and religious facilities expand. These factors

must certainly be coupled with the natural increase caused by a high

birth rate in Sells. The movement of Papagos into Sells should continue

for some time since the higher paying jobs are located there and more

expansion of Indian and non-Indian agencies is anticipated.
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Any future economic development in the area is directly depen-

dent on the availability of water supplies. A similar situation exists

throughout southern Arizona, but the problem of providing water for Sells

has not been adequately studied. As a result, the rate of ground-water

development has not completely provided for the needs of the community.

Previous Studies 

Very few reports have been written about geologic or hydrologic

conditions in the Sells area of the Papago Indian Reservation. Bryan

(1925) did the first meaningful work on the Papago Indian Reservation.

He discussed many areas of the country west of Tucson, including the

Indian Oasis area, now called Sells. In his report, he also described

many important hydrogeologic features. Coates (1954) compiled a U.S.

Geological Survey memorandum on ground-water conditions in the Sells

village, based on a test drilling program and water-quality study con-

ducted by the U.S. Geological Survey from 1952-195A. His report eval-

uated the village supply of that date and made some recommendations

concerning future ground-water exploration in the area. Finally, Heindl

and Cosner (1961) compiled data for large areas of the reservation and

included in their report were data and information from many of the wells

in Sells. Some of the data in report by Heindl and Cosner (1961) were

used in the present study.

The author mapped much of the geology on a reconnaissance

basis himself, but the South Comobabi Mountains had been previously

mapped by Bryner (1959), making further work there unnecessary. Also,

the Arizona Bureau of Mines Pima County geologic map (Wilson, Moore,

and O'Haire, 1965) provided basic geologic information on the Sells area



GEOLOGY

The geology of the Sells area is made up of four basic units:

(1) intrusive rocks to the north, forming the massif of the South Como-

babi Mountains; (2) volcanic rocks of the hills south of Sells and of

the many isolated bedrock hills penetrating the valley fill alluvium; (3)

moderately cemented Tertiary(?) gravels to the northwest, extending out

from the South Comobabi Mountains; and (4) valley fill alluvium. Figure

4 (in pocket) summarizes the geologic information.

Intrusive Rock Areas 

The intrusive rocks of the South Comobabi Mountains bordering

the thesis area on the north are mainly diorites and quartz monzonites.

These rocks decompose into coarse-grained weathered products and sup-

ply gravel and sand to the ephemeral streams draining the hill slopes.

The South Comobabi mountain front forms a relatively sharp or abrupt

break with the valley to the south. A thin veneer of talus covers the

intrusive rock slopes, in contrast to the thicker talus cover on the vol-

canic area to the south. The South Comobabi Mountains have been

thoroughly mapped by Bryner (1959):

An igneous complex composed of hornblendite, and horn-
blende rich varieties of syenodiorite, diorite, tonalite, and
inclusions of metamorphic rocks is present over most of the
southern part of the South Comobabi Mountains. It is here
named the Jaeger diorite complex because of its presence at
the Jaeger Mine in the southeastern part of the range.

The largest, most continuous masses of this complex
tend to be present in the ridges. In the valley and basin
floors, the complex commonly gives place to quartz monzonite
or related rocks . . . (p. 17).
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The Jaeger diorite complex is intruded by the Ko Vaya quartz
monzonite which crops out or forms the basement in most of
the area . . . (p. 7).

These various individual rock units were grouped together for

this present study since the intrusive rocks mapped by Bryner may be

treated as a single hydrogeologic unit.

Volcanic Rock Areas 

The volcanic hills south of and within Sells village are com-

posed primarily of ande site and/or basalt. The volcanic rocks decom-

pose into clayey materials, in contrast to the sandy, weathered products

of the intrusive rocks to the north. The volcanic areas, then, supply

most of the finer grained sediments to the ephemeral streams in the Sells

area. The topographic break between the hill slopes and the valley floor

is much less pronounced, as compared to the intrusive rock area to the

north, and the talus cover is thick, giving the hills a rounded appear-

ance. Not all volcanic areas on the Papago Indian Reservation have

such a rounded appearance. Perhaps the most rugged volcanic areas

indicate more recent faulting and/or volcanic activity.

In general, the volcanic rocks are not porphyritic in texture,

although amygdaloidal andesites occur throughout the area. Most of the

volcanic rocks are purplish-red, very fine grained, highly fractured,

and thinly bedded. Structural relationships are virtually impossible to

determine because of the thick hill slope float or weathered mantle.

There are few rills or stream channels on most of the slopes, implying

that weathering, slope wash, and mass movement are chiefly respon-

sible for slope downwasting. No age dates are available for rocks from
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the Sells area; however, the volcanic rocks probably range in age from

Late Cretaceous through mid-Tertiary (Paul E. Damon, Department of

Geochronology, The University of Arizona, personal communication).

A group of six small volcanic hills (secs. 15, 22, 23, T. 17 S.,

R. 4 E.) one mile northwest of Sells is composed of a distinctive por-

phyritic andesite. During the reconnaissance geologic survey conducted

for this report, the author encountered no other volcanic rock similar to

that at the location mentioned. Lack of information prevents speculation

on their position in the geologic history of the Sells area.

The rugged hills northwest of Sells are also composed of vol-

canic rocks, again chiefly andesite and basalt. Although small indi-

vidual peaks are highly faulted, it can be seen that large-scale block

faulting has tilted the whole range to the northeast.

Water well drilling has revealed that andesite-basalt volcanic

rocks occur at depth beneath the valley fill materials now exposed

around Sells. In general, the volcanic rocks show up as flows in the

subsurface, sandwiching layers of alluvium. These individual flows are

faulted to such an extent that absolute subsurface correlation is virtually

impossible. Although several wells in the Sells area derive water from

the fractured volcanic rocks, the yields are very low, less than 10 gpm.

Hence the rocks may not be as highly fractured at depth as they appear

to be on the surface.

Cemented Tertiary(?) Gravels 

Moderately cemented fanglomerates, chiefly poorly sorted

stream gravels and sands cemented by caliche, crop out in a large area
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north-northwest of Sells along the old Ajo-Tucson Highway (presently

known as the "San Luis Road"). These gravels are being dissected by

the ephemeral streams, resulting in the present topography of linear

ridges radiating out from the South Comobabi Mountains. These ridges

are sharply indicated on aerial photographs of the area. Locally and on

the periphery of the area, however, the cemented gravel unit is covered

by eolian deposits, which make location of the unit in the field sorne-

times difficult.

On the north side of the South Comobabi Mountains similar

gravels are found (Bryner, 1959, p. 104-105), which reportedly contain

saline water at depth (George Esquivelle, U.S. Public Health Service,

Tucson, personal communication). In the Sells area, only one well de-

rives supply from the cemented gravels, but the water is quite saline.

This implies that the unit contains locally buried evaporite deposits, or

saline connate water. These same gravels probably intercalate with val-

ley fill materials in the subsurface, south and west of their present out-

crop area, although they are not present immediately in the Sells com-

munity, three miles south. Perhaps the cemented gravel area was a part

of a playa system in the not-to-distant past, and the gravels, which might

have contained saline water, have since been isolated by faulting. As a

result, thorough flushing of the saline connate water has not occurred.

Probably the cemented gravel unit is late Tertiary in age. The

unit is moderately cemented and in outcrop it is colored dark brown from

a heavy iron oxide staining. If the unit were older than late Tertiary,

erosion processes would most likely have destroyed the present topo-

graphic expression.
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Valley Fill Alluvium 

Valley fill alluvium surrounds and covers most of the Sells area

to depths ranging from 20 to 80 feet in Sells itself, to greater than 600

feet in the Quijotoa Valley to the west toward Big Fields (Gu Oidak).

This alluvium is composed of poorly sorted clay, silt, sand, and gravel.

It is generally unconsolidated and locally may be strongly cemented by

caliche. The lenslike occurrence of the sediments prevents any lateral

correlation of individual clay, silt, sand, or gravel units. Accurate sub-

surface information is lacking concerning particle size distribution, but

the author might speculate that the South Comobabi Mountains are the

source area for most of the coarser valley fill sediments. The andesite

rock source areas probably contribute the finer grained, more imperme-

able materials to the basin fill.

In Sells, intercalation of alluvium from both types of source

areas occurs. As a result, the alluvium has a low permeability, and

gravel wells in the vicinity of Sells do not yield more than 50 to 80 gpm.

As stated previously, the author proposes that buried ande site

flows in the Sells area are highly faulted. The result is that many par-

tially isolated low areas exist which are not filled with ephemeral stream

alluvium. The alluvium cover thickens to the west, and at the western

extremity of the project area in the vicinity of Hospital Well No. 1

(sec. 30, T. 17 S., R. 4 E.) the valley fill materials are greater than

700 feet thick.

Geophysical Investigation

In an effort to more completely understand the subsurface geo-

logical relationships in the Sells area, the author conducted a gravity
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survey. The gravity method of geophysical investigation employs the

use of a gravity meter, which measures subtle variations in the pull of

gravity at the earth's surface. The pull of gravity varies primarily as a

result of the observer's distance from the center of the earth or as a re-

sult of changes in density of the rocks in the earth's outer layers. The

effects caused by a change in elevation and other minor factors can

easily be removed from the data values. Then only the effects of rock

density change are left to be analyzed. The more porosity a rock has,

the less dense it will be. As a result, alluvium, which is composed of

many small particles loosely packed together, has a much lower density

than massive andesite or basalt rock. Assuming that the density of the

basement rocks does not change, gravity meter readings taken at sta-

tions where thick layers of alluvium cover the bedrock will be lower

than readings taken at stations where the basement rocks are at or near

the surface. Gravity values are corrected for tidal, elevation, latitude,

and topographic effects and compared to a standard gravity datum for the

earth. The difference between the standard datum and the observer's

corrected gravity data is termed the Bouguer anomaly. A graphical plot

of the Bouguer anomaly makes it possible to determine where the allu-

vium is thick and where it is thin (assuming, of course, that the density

of the basement rocks does not change) (Howell, 1959).

The author's gravity survey consisted of a 12-mile traverse

from east to west across the project area. The initial goal was to look

for any major faults in the basement rocks and to determine if Sells

actually does set on a volcanic plateau. In addition, a great change in

water levels occurs at either end of the project area, and the author
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wished to determine the coincidence of this change with any basement

faulting.

Figure 4 (in pocket) shows the location of the gravity station

network, and Figure 5 shows a graphic plot of the Bouguer anomaly

values observed along the east-to-west traverse. It can be interpreted

that the sudden changes in Bouguer anomaly values at either end of the

gravity line are an indication of the presence of boundary faults in the

basement rocks. Also, it can be interpreted that Sells does set on a

plateau and that the minor fluctuations on the Bouguer anomaly plot

probably represent the- effects of the semi-isolated alluvial-filled depres-

sions mentioned previously. It is theoretically possible that the minor

fluctuations represent basement-rock density variations; However, the

author favors the former explanation in view of the subsurface geologic

information from well logs which is available. An interesting feature of

the data plot is the indication of a possible low area between stations

0 6 and A3 (see Figure 5). This may be a small alluvial-filled basin

which may contain some ground water.

A comparison of the sudden water level elevation change in

gravel wells along the geophysical traverse and the changes in Bouguer

anomaly values reveals a coincidence. Thus, the author concludes that

the great change in water level elevations is actually a result of basin

faulting. Another feature indicated by the gravity data is the presence

of a rise in the basement between stations Cl and 0 3 (Figure 5). The

gravity peak corresponds to a linear string of volcanic hills extending

in a northeasterly direction at the eastern end of the project area. The
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volcanic rocks form a partially buried ridge, creating the ground-water

divide indicated by water level elevation changes east of Sells.

No other types of geophysical data are available dealing with

the Sells area. The author would expect that a seismic survey conducted

on the valley flats west of Sells would be very useful for indicating the

exact location of the basement faults there. A magnetic survey might

also prove valuable in locating buried volcanic ridges, such as the one

located by gravity methods east of Sells. These other methods have pro-

vided valuable information elsewhere in the Southwest, and there is no

reason why they would not work in the Sells area. Seismic and magnetic

surveys were not conducted for the present project because of the ex-

pense and because of time limitations. The geophysical data are in-

cluded in this thesis (Table 1, in pocket).

Incidental Geomorphic Investigation 

While the author was examining outcrops of, ande site rock on

hill slope 2658 in Sells (Figure 4, in pocket), it was observed that the

volcanic rock fragments there become rounded during transport down-

slope. A documentation and further explanation of this observation are

given in Appendix D.



PHYSIOGRAPHY

No perennial or intermittent streams occur within the area of

this study, Ephemeral streams are numerous, however. Sells Wash,

largest ephemeral stream in the Sells area, flows from east to west

across the study area connecting with Vamori Wash in the Big Fields

Valley. Vamori Wash eventually connects with the Sonoyta River drain-

age in Mexico. Sells Wash crosses a major ground-water divide at the

eastern extremity of the project area. There, a volcanic ridge, partially

exposed at the surface, divides ground-water flow. East of the divide,

ground-water flow is to the south; and west of the divide, ground-water

flow is to the west. Many small ephemeral streams occur all over the

area, and they eventually connect with the Sells Wash-Vamori Wash

drainage.

The Sells Wash channel has clearly widened within the last 30

years in the vicinity of the Sells community. A highway bridge which for-

merly crossed Sells Wash and a dug well located along the banks of the

wash in the village have both been washed away as a result of channel

widening (Figure 6). These events predate the 1952-1954 study con-

ducted by the U.S. Geological Survey. Furthermore, many new washes

have formed north of Sells along the San Luis Road since 1940. The

erosion is probably a result of a lack of road maintenance, the effects

of over-grazing, or the effects of a subtle climatic change which the

author could not discern from his study of precipitation records. Most

likely all three effects have contributed to produce the present situation.

16
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Figure 6. Sells Wash, Looking West
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The ephemeral streams along the San Luis Road, which drain

the cemented Tertiary(?) gravels and the intrusive rock areas, have well-

defined channels, some even incised into the rock. This probably results

from the presence of a thick, sandy alluvial cover in the former case,

allowing channel migration; and the presence of a thinner silt-clay al-

luvial cover, inhibiting channel migration, in the latter. In Sells, lush

stands of mesquite line the washes draining the volcanic rock areas,

suggesting prolonged bank storage of water in the fine-grained bank

materials. Another difference between the intrusive and volcanic rock

areas is the number of stream channels present. Few rills or channels

can be identified on the volcanic rock slopes whereas rills and channels

are better developed on the intrusive rock slopes to the north.

Some of the smaller washes have been dammed to form

"represos." Another feature commonly confused with the represo is the

"charco," a natural standing water body (an ephemeral pond). Charcos

are formed when water spills out of the ephemeral streams in times of

flood and forms pools of overflow waters. To quote Bryan (1925, p. 122):

• . . both wild and domestic animals , . . . come to feed in
the flat immediately after the rain. Very shallow pools of water
attract them; they drink the muddy water, roll in the mud, and
trample and compact the bottom. Thus a somewhat deeper hole
is formed which, when the next rain comes, will hold water for
a longer time . . .

The adobe flats in which charcos occur are the result of
sedimentation from flood water streams that spread as a thin
sheet of water over large tracts of country and deposit mud as
sediment. This produces smooth plains that have a gentle
slope in the direction of the drainage and are generally un-
marked by channels, or at most have very insignificant chan-
nels 2-5 feet wide and a few inches deep.

The name "tank" as used by American cattlemen has been ap-

plied to both the represo and the charco. Most topographic maps merely
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indicate "tank," with no distinction, although the larger dams forming

represos are generally recognizable from map inspection. In the Sells

area, many represos were constructed by the Bureau of Indian Affairs

prior to World War II. These were built primarily to augment the old-

style flood farming methods and to protect the roadways from wash out

during periods of high runoff. The represos did not better the farming

situation, and, in fact, most of the lands around Sells which had been

used for flood farming were abandoned.

All of the large tanks indicated on the Sells quadrangle topo-

graphic map are represos. Since rainfall is very scant in the study area,

the represos are quite unimportant when considering the total water

supply of the Sells area.



GROUND-WATER AQUIFERS

Ground water is being exploited primarily from valley fill allu-

vium in the Sells area, with insignificant amounts being pumped from

fractured volcanic rock wells. The only well dug in the cemented Ter-

tiary(?) gravels north of Sells has been abandoned for some time, and

although the areal extent of the cemented gravels is quite large, no other

information is available. At present, no water is being pumped from the

intrusive rock complex of the South Comobabi Mountains in the Sells

area, and again, information is lacking concerning fracture water in the

rocks. The net result is that an understanding of the location and per-

meability of valley fill materials around Sells is most important for this

study of ground-water resources of the Sells area. Figure 7 (in pocket)

locates all of the wells and test holes used to delineate the various

ground-water aquifers, and Appendix B, Tables 2, 3, and 4 list water

well data used to define and describe aquifers in the Sells area.

Recent valley fill alluvium covers most of the land surface

around Sells. As stated in the geology section of this thesis intercala-

tion of gravels and other sediments from two basic source areas occurs

in the vicinity of the Sells community.

The author suggests as a result of this study that partially

isolated low spots in the andesite-flow complex which forms the base-

ment in Sells have been filled in by ephemeral stream alluvium. These

depressions could result from nonuniform or limited areal extrusion of

the andesite, from faulting, or from stream erosion. None of the

20
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andesite outcrops in the Sells area show any evidence to suggest non-

uniform extrusion, and the limits of the low areas in the subsurface do

not reflect the surface drainage. Hence the author concludes that fault-

ing must be primarily responsible for creating these subsurface depres-

sions. Toward the west, the isolated fault lows become progressively

deeper and more covered by valley fill alluvium, making the small,

faulted depressions in the andesite basement of lesser importance.

Finally, at "2-mile well" (sec. 34, T. 17 S., R.4 E.), the isolated low

spots become unimportant in the ground-water picture. There, ground

water occurs in a continuous thickness of alluvium.

Northwest of 2-mile well, the Corral well (sec. 27, T. 17 S.,

R.4 E.) has a low yield of 10-20 gpm. The low yield is related to lower

permeability values of the valley fill alluvium. Sediments there may

have been influenced by uplift of the volcanic range two miles to the

northwest. The range is composed of andesite-basalt rocks; hence,

fine-grained materials would have been shed into the alluvial basin as

uplift occurred. Five miles west of Sells, at Hospital well No. 1 (sec.

30, T 17S., R.4 E.), the gravels exceed 700 feet in thickness, have

transmissivity values of 50,000 to 200,000 gpd/ft (B.I.A. plant manage-

ment files, Sells), and probably indicate a high degree of sorting.

East of Sells little inference can be drawn regarding the valley

fill materials because no wells have been drilled between Sells and

well DW-34 (sec. 24, T. 17 S., R.5 E.), located six miles to the east.

Between these two wells, the author suggests that the transmissivity

values might fall in the 10,000 to 50,000 gpd/ft range. This would be

similar to the values obtained in Sells. DW-34 penetrates thick valley
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fill alluvium, although it only has a moderate yield of 35 gpm (Heindl

and Cosner, 1961, P. 42). The low to moderate yield may be a reflec-

tion of a finer grained sediment source. A buried volcanic ridge, indi-

cated from analysis of geophysical data and topographic expression, may

have been the source of the fine-grained materials in the alluvial basin

to the east. DW-34 would naturally be influenced by such a source area

because of its close proximity to the buried ridge (Figures 4 and 7). The

Fresnal well (sec. 8, T. 17 S., R. 6 E.), located slightly further east,

has always been a consistent producer of ground water. The author could

not find any pumping test data for DW-34 or Fresnal well, and any sum-

mary of conditions is only speculation.

Locally in the Sells area, coarser grained valley fill alluvium

overlies finer grained, moderately to weakly cemented alluvial materials,

which are found, for example, at the Deep Test No. 2 location (sec. 20,

T. 17 S., R. 5 E.). There, permeable valley fill alluvium with a trans-

missivity of 50,000-60,000 gpd/ft, overlies fractured andesite-basalt

flow rocks, which in turn overlie fine-grained, moderately to weakly

cemented sediments. Shales and sandstones were bailed from Deep Test

No. 2 hole during cleaning operations. These rocks occurred stratigraph-

ically beneath a 50-foot thick sequence of volcanic rocks, and the fine-

grained shales and sandstones made cleaning operations difficult because

of caving.

A pumping test conducted on May 20, 1969 at Deep Test No. 2

hole, the only pumping test conducted during the present study, pro-

vided valuable transmissivity data (Appendix C). At the location indi-

cated, the coarser grained materials overlying the ande site-basalt flow
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sequence influenced the pumping test in the early stages. Later in the

test, the transmissivity values lowered considerably and finally stabi-

lized at T = 3500-9000 gpd/ft. The author made two basic analyses of

the data, applying methods described by Theis (1935) and Cooper and

Jacob (1946). Theis (1935) showed that a mathematical relationship

exists between drawdown and discharge from a pumping well. Wenzel

(1942) developed the ideas of Theis and described a graphic method for

determining the hydrologic coefficients of an aquifer. Cooper and Jacob

(1946) also described a method of analyzing drawdown data, and the

author has presented a graphic plot of data taken at Deep Test No. 2 in

the manner described by them (Figure 8). Both analyses indicated that

an impermeable boundary influenced the pumping test in the early stages.

The data points on Figure 8 show the effects of an impermeable boundary.

The slope of the data points on the interval from 5 minutes to 20 minutes

increases, indicating the boundary. Approximately 2,000 feet southwest

of Deep Test No. 2, at Deep Test No. 5 (also sec. 20, T. 17 S., R. 5E.)

152 feet of drilling through a basically clay-rich section of sediment

failed to produce any large quantity of water. Two possible explanations

may exist then for the impermeable boundary indicated in the pumping

test: (1) a fault boundary somewhere near Deep Test No. 2, and (2) a

sharp decrease in permeability of the alluvial sediments south of Deep

Test No. 2. The exact explanation could not be determined because of

lack of data.

The information obtained from the cleaning operations and

pumping test conducted on Deep Test No. 2, in addition to subsurface

well log information from previous studies, leads the author to the



    

o
o
o

24                 

E_ •                               

rO
	

ID

NMOOMV8CI



25

conclusion that permeable valley fill alluvium actually occurs as a small

pod or lens (with a maximum of one mile horizontal dimension and tens

of feet vertical dimension) on top of less permeable, fractured volcanic

rocks and finer grained, cemented Tertiary-Cretaceous sediments. The

finer grained sediments were not fully penetrated after 450 feet of drill-

ing. The shales and sandstones bailed from Deep Test No. 2 may be

similar to the Comobabi Group reported by Bryner (1959, p. 96-99) on

the north side of the South Comobabi Mountains. There, the unit is

locally more than 3,000 feet thick and is composed of arkose, siltstone,

limestone, and conglomerate. The presence of interstratified, fine-

grained sedimentary materials with poorly sorted sedimentary units

would probably result in low transmis sivity values for water wells drilled

in the Comobabi Group. The unit does not extend through the range but

merely forms a discontinuous apron along the periphery of the mountains.

The author would expect that the fine-grained shales and sandstones

cleaned from Deep Test No. 2 would have low transmissivity values,

probably less than 10,000 gpd/ft; hence, the value obtained from the

pumping test is quite reasonable for the unit.

One aspect of the test was the indication of a thick Tertiary-

Cretaceous sequence of sediments below the prominent andesite-basalt

rock outcrops in the Sells area. This reconfirmed the more recent posi-

tion of the volcanic rocks in the stratigraphic sequence in Sells.

A data summary by Heindl and Cosner (1961, p. 90) states that

ground water was first encountered at 96 feet during drilling operations

on Deep Test No. 2 and then rose to within 84 feet of the ground sur-

face. The condition is best described as artesian, and in all instances
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water levels in test holes north of Sells seem to respond in a similar

manner. In Sells, however, water table conditions prevail. The water

levels do not rise above the level at which they are encountered during

drilling operations.

An inspection of ground-water elevations in wells in the Sells

area reveals the presence of a ground-water gradient to the west. This

is true for the area north of Sells and within Sells itself. A ground-

water barrier or boundary must exist one to two miles north of Sells to

explain the apparent fundamental change in the ground-water conditions

in Sells village from the conditions encountered immediately north of

Sells. The fact that some connection does exist between all wells in

the area is indicated by the rise in water levels in most wells in the

area since 1957 as shown by a comparison of 1957 and 1969 water-le'vel

data (Appendix B, Table 3). Undoubtedly, the shutdown of wells DW-52A

and DW-52C (sec. 25, T. 17 S., R. 4 E.) in 1959 allowed natural re-

charge to affect all wells in the area. The Gonzales well (sec. 25,

T. 17 S., R. 4 E.) has experienced a rise of 20 feet in water level since

the water level was measured in 1957.

The only other possible sedimentary aquifer in the area might

be the cemented Tertiary(?) gravels north-northwest of the community.

The water is quite saline (3,000 ppm total dissolved solids) in the only

well penetrating the unit. As stated in the geology section of this thesis,

buried evaporite deposits or saline connate water could both produce the

saline water condition. North of the community, similar gravels may

have been buried by faulting, since none are exposed at present. In any
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case, the author expects that the permeability of the gravels would be

very low because of their cemented nature.

Water also occurs in the fractured volcanic rocks. However,

the yield of wells in such materials in the Sells area is very low (less

than 10 gpm). The low well yields would indicate that the volcanic

rocks are not highly fractured at depth. The dug well in east Sells vil-

lage (sec. 30, T. 17 S., R. 5 E.) taps a volcanic-rock water supply,

but it is unreliable and incapable of producing more than 1-3 gpm. The

Artesa village well (sec. 5, T. 18 S., R. 5 E.), also a volcanic-rock

well, provides water for three dwellings. Certain fracture systems carry

some water, while most fractures are dry in the Sells area. For example,

Mr. Al Gonzales recalled that seepage of water from volcanic rocks oc-

curred for some time after the road cut was made for State Highway 86

in Sells (sec. 29, T. 17 S., R. 5 E.). The seepage eventually stopped,

however, and has not recurred. Here then, drainage of fracture water

occurred. Generally, drill holes in the volcanics yield no water or, at

best, very small quantities.

Ground-water Recharge 

On the valley flats east and west of Sells, pools of standing

water can be easily located several days after rainstorms. This probably

indicates that fine-grained soil materials, in combination with fine-

grained eolian and playa sediments, prevent any seepage, in this case,

downward movement, of water. As discussed in the geology section of

this thesis, the cattle in the area tend to compact and harden the bot-

toms of the shallow depressions which contain these small pools of

water. This would further inhibit ground-water recharge from these
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standing-water bodies. Perhaps near the mountain fronts where the

stream gravels are coarsest, some recharge may occur during periods of

sustained rainfall. Sand tanks, or rock tanks as they are called, pro-

vided important water supplies for the thirsty traveler in the early days

of desert travel (Bryan, 1925) before wells made water more easily

available. After a rain, water could be found by digging in the sand

near the mountains where natural depressions in the rock allowed water

to collect. These natural depressions have water-tight bottoms; hence,

little or no ground-water recharge could take place.

It may be possible that some recharge occurs directly into the

fractured volcanic and intrusive rocks when it rains. Obviously, some

recharge does occur into the volcanic rocks in Sells, since the dug wells

there have not gone dry. It would be of great value to monitor an ab6n-

doned volcanic-rock well in Sells and record water-level fluctuations

during the year. Any correlation between water-level rise and rainfall

could be easily determined. A major factor limiting such recharge during

the summer would be evaporation rates, which are very high on the ex-

posed, hot, rocky slopes in the Sells area.

The net result is that pumping from small domestic wells may

be matched by natural recharge to the ground-water system, but any

large-scale pumping operations in the immediate vicinity of Sells would

only result in mining of the ground-water reserves.

The Sells area receives approximately 10-11 inches of rainfall

each year (based on a 50-year average), and so the possibility for some

recharge does exist. Coates and Cushman (1955) discussed recharge in

the Douglas Basin, Arizona. There, at a mean elevation of 4,000 feet
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above sea level, the rainfall averages 13 inches per year, and the run-

off is estimated to be 10-15 percent. Recharge is estimated to be 50

percent of the runoff or, simply stated, 5 to 7 percent of the total pre-

cipitation is recharged to the ground-water system in the Douglas Basin.

In Sells, at a lower elevation of 2,300 feet above sea level, the total

yearly precipitation is less, 10-11 inches per year; the climate is much

drier; and the average temperatures are higher. This means that recharge

in the Sells area would be less than in the Douglas Basin, perhaps on

the order of 2 percent of the total precipitation, or even less (Natalie

White, U.S. Geological Survey, Tucson, personal communication).

Quality of Water

As stated previously, most of the water in the Sells area is

suitable for domestic use. In the following discussion, the reader is

referred to Figure 7 (in pocket) which gives the location of all wells

and test holes in the Sells area and to Appendix B, Table 4 which gives

the quality-of-water data used in this thesis. There is the possibility

that saline water in the cemented Tertiary(?) gravel unit may be a local

or even a more widespread condition. However, since no plans exist at

present for community expansion or water-well development in the area,

the presence of saline water there presents no great problem. The quan-

tity of fluoride in the Sells area waters also falls within the required

criteria established by the U.S. Public Health Service (1962).

Water in three of the wells west of Sells--(D-17-4)bad, the

Corral well; (D-17-4)30cbc, Hosp. 1 well; and (D-17-4)34abd, 2-mile

well--has similar chemical characteristics. The nitrate concentration of

the water from the Corral well has increased considerably (from 0.5 ppm
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to 18 ppm) since the 1956 chemical analysis. Now, the nitrate concen-

tration of the Corral well water (18 ppm) more closely approximates that

of water currently pumped from the Hosp. 1 well, and that pumped from

2-mile well in 1954. The nitrate concentration in the Cafe well

(D-17-4)25bdb has also increased significantly in the last 15 years

(from 5.5 ppm to 23 ppm) . The possibility exists that water from the

cemented gravel area north of Sells, which contains 28 ppm nitrate at

the W-56 well (D-17-4)11dca location, is moving south into the alluvial

aquifer as a response to pumping there. This would be one explanation

to account for the increase in the nitrate concentration in the Cafe well

water and the Corral well water and to account for the increase in the

total dissolved solids concentration of water in the Cafe well, Corral

well, and Hosp. 1 well. It should be noted, however, that a large

cattle pen is located near the Corral well and that a gasoline station is

located near the Cafe well, so the possibility of local nitrate contami-

nation from waste products should not be dismissed. The use of water

which contains a nitrate concentration in excess of 45 ppm can cause

sickness and poisoning of small infants (U.S. Public Health Service,

1962). The present study did not produce any data which would suggest

that such waters occur in Sells. Elsewhere on the Papago reservation,

for example, in the Hickiwan district 50 miles northwest of Sells, waters

containing high nitrate concentrations are used for domestic purposes.

There, the use of the water has produced no ill effects (George

Esquivelle, U.S. Public Health Service, Tucson, personal communica-

tion). In the future, however, more frequent sampling and analysis of
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water from wells which are known to contain nitrate would be advisable

in the Sells area.

The analysis of the water from the church well (D-17-5)30adb

indicates that the water in the alluvium there is suitable for domestic

use, although the total dissolved solids concentration (786 ppm) is

higher than in most other well waters in Sells. Water from the Artesa

well (D-18-5)abb has even a higher concentration of total dissolved

solids (1120 ppm). The high sulfate content of the Artesa well water

(462 ppm) could produce undesirable natural laxative effects in humans

(Hem, 1959, p. 239).

The specific conductance of water is directly related to the

total dissolved solids concentration (Hem, 1959, p. 40). The general

rule followed by the Department of Agricultural Chemistry and Soils

water laboratory at The University of Arizona is that the total dissolved

solids concentration (T.D.S.) in parts per million approximately equals

the specific conductance of water (S.C.) in micro-mhos times a factor

of 0.7, or TDS = 0.7(SC) . Using this relationship, the author calcu-

lated several of the TDS concentrations given in Table 4. The most

important of these were the TDS concentrations calculated for Deep

Test No. 6 (D-17-5)19ada and Deep Test No. 2 (D-17-5)20caa. The

calculated TDS values indicate that the water in both wells is chemi-

cally suitable for domestic use.

All of the water sampled and analyzed in 1954, 1957, and 1959

would be suitable for livestock except that the water from W-56

(D-17-4)11dca would not be acceptable for poultry (Hem, 1959, p. 241).
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Some studies give 5,000 ppm total dissolved solids as an upper toler-

able limit for livestock (Hem, 1959, p. 241).

Hem (1959, p. 238-239) states that "in some sections of the

United States, the quality of water from most individual domestic sup-

plies does not meet the standards in one or more respects." However,

the total dissolved solids concentration seems to have little effect on

the local user of these water supplies (Hem, 1959, p. 239). Clark and

Viessman (1965, p. 231) also state that "more than 100 public water

supplies in the United States provide water with greater than 2,000

milligrams per liter (approximately equal to 2,000 ppm) of dissolved

solids." Most of the water in the Sells area falls within the U.S. Public

Health Service standards (1962), and the author believes that the quality

of the water should prove to be an asset to the future economic develop-

ment of the area.



GROUND-WATER DEVELOPMENT AND USE

Prior to 1925, few wells were dug or drilled in the Sells area.

The most important of these early wells were drilled east of Sells:

Fresnal well, DW-1 (sec. 8, T. 17 S., R. 6 E.) in the 1880's and the

Ali Molina well (sec. 31, T. 17 S., R. 6 E.) in 1920. Mr. Al Gonzales

located a shallow pit just north of Highway 86 in Sells which reportedly

is the only remains of an old U.S. Army Cavalry barracks. The barracks

may be 60 to 80 years old (Peterson, Arizona Pioneers' Historical So-

ciety, Tucson, personal communication). Some of the early water devel-

opment, then, was probably done for the Army and the Indian Service.

Before 1925, the village of Sells, then called Indian Oasis, may havé

obtained its water from dug wells. There are two pre-1925 Indian Ser-

vice wells on record at the Department of Agricultural Engineering, The

University of Arizona, which could not be located during the present

study.

In 1936, wells DW-52A and DW-52C (sec. 25, T. 17 S., R. 4E.)

were drilled in Sells. For years these two wells supplied the Bureau of

Indian Affairs (B.I.A.) complex. After a long period of decreasing well

yields, the wells were finally abandoned in 1959. To replace the aban-

doned wells and to provide water for the B.I.A. and the U.S. Public

Health Service Hospital, two wells were drilled into the valley fill allu-

vium five miles west of Sells (secs. 30, 31, T. 17 S., R. 4 E . ) . Hos-

pital well No. 1 (sec. 30) was complete in 1958, and Hospital well

No. 2 (sec. 31) was completed in 1959. These two wells are in use at
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present, and with pumping rates of 235 and 300 gpm, respectively, they

supply most of the water used in Sells.

In 1952-1954, the U.S. Geological Survey carried out a water

exploration drilling program, concentrating primarily on the flat upland

one mile north of Sells. Several moderate yield wells were drilled, the

most promising of which was Deep Test No. 2 (sec. 20, T. 17 S.,

R. 5 E.). It was pump-tested at 103 gpm, but was never used as a

water-supply well. Deep Test No. 6 (sec. 19, T. 17 S., R. 5 E.) also

pump-tested favorably at 60 gpm but was not developed.

Aside from the hospital wells previously mentioned, only two

other wells were drilled in Sells from 1954 to 1969: the Corral well

(sec. 27, T. 17 S., R. 4 E.) drilled in 1956, and a test hole (sec. 26,

T. 17 S., R. 4 E.) drilled in 1957 as part of the hospital well explora-

tion program. Both of the wells just mentioned penetrate the same

materials, and both have low yields (10-15 gpm), reflecting the influence

of the volcanic-rock sediment source to the northwest which was men-

tioned previously.

Following a period of inactivity from 1959 to 1969, the Indian

Oasis School District No. 40 contracted a water exploration program on

the site of a proposed new high school for Sells. On the site (SW1/4,

sec. 29, T. 17 S., R. 5 E.), all four holes drilled for the project en-

countered bedrock at shallow depth, and two of the test holes were dry.

No more than three-quarters mile southwest at the Papago Assembly of

God Church (SW1/4, sec. 20, T. 17 S., R. 5 E.), a moderate yield well

of 50 gpm was located for the church. This emphasizes, perhaps, the

isolated, pocket-like occurrence of aquifers in the Sells area.
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Finally in May 1969, Deep Test No. 2 was cleaned out and

pump-tested when the exploration program for the county school failed

to produce water on the school site. On May 20, 1969, pumping tests

conducted on that well indicated that a yield of 50 gpm could be ob-

tained from the hole.

Little, if any, further exploration for ground water in the im-

mediate vicinity of Sells is anticipated at this time. Reactivation of

DW-52A and DW-52C is currently being considered.

If Sells continues to grow at the present rate and if a large

stockyard-fairground complex is constructed on the present fairground

site, a much larger water supply will have to be developed. The pro-

posed new county high school for the Sells community would require a

water supply equal in quantity to that currently supplied to the

complex. At full capacity the school will have a student population of

1,000. For such a large facility to be constructed in Sells, water wells

having yields of 100-200 gpm would have to be developed in the area.

An often overlooked fact is that many people living in Sells

haul water at present. In effect, the village water supply is inadequate

even now.

Four old dug wells are being used for domestic purposes at

present in the Sells area: Johnson No. 1 and No. 2 (sec. 7, T. 18 S.,

R. 5 E.), the Artesa well (sec. 5, T. 18 S., R. 5 E.), and the east

Sells village well (sec. 30, T. 17 S., R. 5 E.). Newer wells in the

Sells area have all been drilled by the U.S. Public Health Service and

by the B.I.A. except the Garcia well in Ali Chuk Son 4 1/2 miles east

of Sells (sec. 35, T. 17 S., R. 5 E.), which was privately financed.



Sometime in the near future the Papago Tribe hopes to purchase its own

drilling equipment and to conduct its own water-well exploration and

drilling program.

Abandoned wells are not uncommon in the Sells area. In addi-

tion to the abandoned wells already mentioned, two other such wells in

Sells are the Gonzales well (sec. 25, T. 17 S., R. 4 E.) and a well

across the road from the old, original Indian Agency building in Sells

(sec. 31, T. 17 S., R. 5 E.). Several cases of typhoid fever were

traced to the water from this well some 15 years ago, and the unit was

abandoned. The windmill tower and the tank across the road from the

old Indian Agency building still mark the location of this well in the

village.

In many Arizona localities, the mining companies consume

large amounts of water. Until renewal of mining activity in the South

Comobabi Mountains occurs, the problem of providing water for such

purposes in the Sells area may be dismissed.
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CONCLUSIONS AND RECOMMENDATIONS

Ground-water conditions in the Sells area vary considerably.

In some areas, water occurs at relatively shallow depths, while in other

areas it occurs at great depths. Some of the sediments north of Sells

contain saline water, but in general, all the water in the Sells area is

chemically suitable for domestic purposes. For the sake of simplicity,

the author has designed a "Ground-water Availability Map for the Sells

Area, Arizona" (Figure 7, in pocket) which delineates the various

ground-water conditions in the Sells area. It is a synthesis of aerial

photographic data; water level, well log, and pumping test data; geo-

physical data; and all of the geologic data collected in the field. Also

included on the map are the locations of the wells and test holes which

furnished data for this thesis.

The boundary lines drawn on the map are, in many areas, only

approximate at best. For example, in the northwest corner of T. 17 S.,

R. 4 E. the author outlines an area with "no subsurface information."

Since there is no subsurface information and since the area is covered by

alluvium, the author can only speculate on ground-water conditions.

However, by assuming that volcanic rock probably occurs at a shallow

depth there, which is a reasonable assumption, low well yields would

result. East of Sells, a similar area is outlined on the basis of "little

information." Again, no subsurface information is available, but alluvial

cover there is probably thin, a veneer of material on the intrusive rock

beneath. The high yield areas are delineated primarily on the basis

37



38

of the geophysical data. However, the author assumes that the high

transmissivity values of the alluvium at the Hosp. 1 well site are

typical of most of the thick valley fill alluvial areas in the intermon-

taine valleys east and west of Sells. Also, the author assumes (based

on subsurface geologic data) that the volcanic plateau areas are covered

by a much thinner blanket of valley fill alluvium, which has lower per-

meability values and lower well yields. The boundary line drawn to

delineate the water-level depth change in the alluvium from less than

to greater than 100 feet is an approximation based on the water-level

information available. The low-yield volcanic-rock areas were dis-

cussed in the section on ground-water aquifers, and in general, these

areas coincide with the volcanic-rock areas on the geologic map. In

many instances, however, the surface outcrop represents only the top

of a large buried mountain (range?) surrounded by an apron of talus in

the subsurface. As a result, the author has enlarged the area of in-

fluence of the volcanic-rock outcrop areas on the ground-water map from

that indicated on the geologic map.

The data collected for this study suggest that in the immediate

vicinity of Sells, Arizona, the development of large-scale pumping oper-

ations would be inadvisable. The permeability of the alluvium there is

quite low, resulting in low to moderate well yields of 10-50 gpm. The

wells in the volcanic-rock areas also yield some water, but less than

10 gpm. The greatest possibility for water development exists both east

and west of Sells. The Quijotoa Valley to the west and the Baboquivari

Valley to the east are filled with great thicknesses of permeable alluvium.

At present, the B.I.A.-U.S. Public Health Service water supply is
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pumped from the valley fill alluvium to the west where the ground water

occurs at a depth of 520 feet. This is similar to the water-level depths

east of Sells in the Baboquivari Valley. Transmissivity values of the

sediments to the west are high, 50,000-200,000 gpd/ft. Therefore, it

would be possible to drill other wells there, spaced one mile or more

apart, and have little interference between pumping units. Much infor-

mation is needed east of Sells. Most of the wells there are old and

were probably poorly developed initially. A drilling exploration program

in that area would be advisable.

The future of Sells is dependent on many factors, but of prime

importance is the availability of water. Schools, businesses, people,

and cattle all need water. Although water is not available in sufficient

quantity to carry on commercial irrigation, there is sufficient water to

encourage the development of smaller businesses.



APPENDIX A

DEFINITIONS

Ground water occurs under several conditions, but basically it

may be defined in two ways. A water table condition occurs when the

ground water is exposed to atmospheric pressure changes, or, in other

words, the atmosphere is at all times in contact with the underground

water surface. An artesian condition occurs when the ground water is

not in contact with the atmosphere and water levels reflect pressure

gradients within a confined water-bearing stratum. (This is a paraphrase

of a more complete discussion given in Todd, 1959, p. 17-29.)

gpm	 This is an abbreviated form of gallons per

minute, which is a measure of discharge.

permeability Refers to an aquifer's ability to transmit

water. The laboratory (or standard) coeffi-

cient of permeability K s is defined as the

flow of water at 60 °F in gallons per day

through a medium having a cross-sectional

area of 1 ft2 under a hydraulic gradient of

100 percent. K is usually given as gpd/ft 2 ,

an abbreviated form of gallons per day per

square foot (Todd, 1959, p. 50) .
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transmissivity Rate of flow of water, at the prevailing

temperature, in gallons per day, through a

vertical strip of the aquifer one foot wide

extending the full saturated height of the

aquifer under a hydraulic gradient of 100

percent. T is usually given as gpd/ft,

which is an abbreviated form of gallons per

day per foot (Ferris, et al., 1962, p. 72-

73) . Transmis sivity is directly related to

permeability, since T = Kb, where b

represents the saturated thickness of an

aquifer (Todd, 1959, p. 89).

41

ephemeral stream A stream which flows in direct response to

precipitation and/or snowmelt within its

watershed, and whose channel is at all

times above the water table.



APPENDIX B

DATA FOR WELLS IN THE SELLS AREA AND
SELECTED WELL LOGS

Included in this appendix is a list of wells and test holes in

the Sells area (Table 2), water-level changes (Table 3), and quality-

of-water data (Table 4) . Also included in this appendix is a group of

well logs (Table 5) selected from Heindl and Cosner (1961) to clarify

the hydrogeologic picture in Sells. Detailed information on casing

specifications, yield, and other remarks has been omitted from this

appendix. Such information is given in Heindl and Cosner (1961) .
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TABLE 3

WATER-LEVEL ELEVATION CHANGES IN THE SELLS AREA

Well Location
Water Level

Elevation/Date
Years Between
Measurement

Change
(feet)

(D-17-4)1 ldca 2433/54 15 +2
2435/69

(D-17-4) 25bdb 2277/57 12 + 16
2293/69

(D-17-4) 25daa 2308/57 12 + 20
2328/69

(D-17-4) 27bad 2129/57 12 3
2132/69

(D-17-4) 30cbc 1659/58 10 5
1654/68

(D-17-4)31bbb 1674/59 9 5
1669/68

(D-17-4)34abd 2152/57 12 + 14
2176/69

(D-17-5) 19ada 2364/57 12 +4
2368/69

(D-17-5) 20bcd 2372/54 15 ±6
2378/69

(D-17-5) 20bdd 2372/54 15 +	 7
2380/69

(D-17-5) 20caa 2374/57 12 +	 7
2381/69

(D-17-5)31abb 2330/57 12 + 18
2348/69
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TABLE 5

SELECTED WELL LOGS

Well Location and
Designation Rock Descriptions

Thicknes s	 Depth
(feet)	 (feet)

Sec. 25, T17S, R4E
SW1/4 SE1/4 NE1/4
(D-17-4) 25adc
DW-52A

Sec. 34, T17S, R4E
SE1/4 NW1/4 NE1/4
(D-17-4)34abd
DW-41

soil

clay and gravel

boulders

clay and gravel

dry gravel

caliche

clay

clay and gravel

water gravel, coarse

clay

water sand, fine

malpais, red

sandy soil

gravel, rocks, caliche

reddish-brown clay

red igneous conglomerate

white slush

red porphyry

decomposed conglomerate

	4 	 4

	

16	 20

	

4	 24

	

16	 40

	

3	 43

	

7	 50

	

12	 62

	

29	 91

	

6	 97

	

6	 103

	

4	 • 107

	

10	 117

	

15	 15

	

89	 104

	

11	 115

	

104	 219

	

66	 285

	

10	 295

	

35	 330



so

TABLE 5--Continued 

Rock Descriptions

silt

red clay

purple clay

sandy gray clay

sand and gravel

sandy gray clay

red clay

brown clay

sand and clay

gray clay and some sand

Well Location and
Designation

Sec. 20, T17S, R5E
NE1/4 NE1/4 SW1/4
(D-17-5) 20caa
Deep Test No. 2

Sec. 20, T17S, R5E
NW1/4 SW1/4 SW1/4
(D-17-5) 20ccb
Deep Test No. 5

Thickness
(feet)

Depth
(feet)

10 10

20 30

25 55

39 94

2 96

9 105

5 110

55 165

5 170

50 220

30 250

50 .300

34 334

6 340

10 350

100 450

5 5

10 15

35 50

5 55

10 65

5 70

30 100

10 110

30 140

12 152

soil, silt, sand

sand and clay

cemented conglomerate

red clay

sand and gravel, first water

red oxide

water

caving, no record--
cased to 167 ft

dark gray rock

gray basalt, some water

shale and clay, light gray

sand and clay

dark gray clay

sand and gravel

shale, light gray

sand and clay



Rock Descriptions

bounders and soil

clay, gravel, and sand
red clay and igneous

gravel
brown clay and

igneous gravel

brown clay and gravels
brown clay, quartz gravel,

sand

Thickness
(feet)

Depth
(feet)

60 60

338 398

54 452

26 478

37 515

139 654

Well Location and
Designation

Sec. 24, T17S, R5E
SW1/4 SE 1/4 SW1/4
(D-17-5) 24cdc
DW-34
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TABLE 5--Continued



APPENDIX C

PUMPING TEST OF DEEP TEST NO. 2

On May 20, 1969 a pumping test was conducted at the Deep

Test No. 2 location (sec. 20, T. 17 S., R. 5 E.). Water from the well

will eventually be used by the proposed new county high school. In-

cluded in this appendix are the data recorded during the pumping test

(Table 6).

52



53

TABLE 6

DRAWNDOWN DATA, DEEP TEST NO. 2
MAY 2, 1969

Diameter of well 6 inches

Time Since
Pumping Began Drawdown

(minutes)	 (feet)
	

Remarks

pump started at 145 gpm

	

0.5	 0.58

	

1.5	 0.58

	

2.0	 0.66

	

2.5	 0.75

	

3.5	 0.83

	

4.5	 0.95

	

5.5	 1.04

	

6.5	 1.12

	

7.5	 1.20

	

9.5	 1.35

	

10.5	 1.41

	

11.5	 1.47

	

12.5	 1.50

	

13.5	 1.56

	

14.5	 1.60

	

19.5	 1.83

	

23.5	 1.91

	

27.5	 2.06

	

33.5	 2.22

	

38.5	 2.39

	

44.5	 2.50

	

49.5	 2.64

	

54.5	 2.81

	

59.5	 2.93

	

64.5	 3.08

	

69.5	 3.20

	

79.5	 3.47

	

86.5	 3.62

	

94.5	 3.77

	

109.5	 4.04

	

119.5	 4.20

	

126.5	 pump off momentarily

	127.0	 pump on at 90 gpm, water meter attached
to line

	129.5	 pump off
	130.5	 pump on at 145 gpm, meter no longer

attached
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TABLE 6--Continued 

Time Since
Pumping Began Drawdown

(minutes)	 (feet)
	

Remarks

131.5
141.5
165.5
171.5
179.5
183.5
187.5
209.5
239.5
259.5
285.5
299.5

4.25
4.39
4.79
5.00
4.97

5.00
5.18
5.45
5.64
5.87
5.89

change of pumping rate to 120 gpm

total duration of pumping test, 5 hours

Note: After 266.5 minutes, 0.05 feet of drawdown was meas-

ured in Deep Test No. 8, 600 feet north of Deep Test No. 2.



APPENDIX D

SLOPE ROUNDING OF VOLCANIC ROCK FRAGMENTS

The author observed that rounding of ande site fragments occurs

as individual rocks are moved downslope by slope wash and creep, while

being acted on by weathering processes. A source of slabby angular

debris was located on slope 2658 (sec. 36, T 17 S., R. 5 E.), and the

downslope movement of individual particles traced. Two hundred fifty

feet of downslope movement can produce rounding of such materials at

the location indicated. Hydrologic or geologic studies in which stream

sediments are collected to analyze particle rounding characteristics

should be done cautiously in similar areas. In the Sells area, at least,

partial rounding of andesite fragments can occur prior to stream tran-

port. Figures 9, 10, and 11 document the author's observations on

slope 2658.
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Figure 9. Source of Volcanic Rock Fragments
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Figure 10. Intermediate Stage of Slope Rounding
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Figure 11. Terminal Stage of Slope Rounding
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