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ABSTRACT

The Santa Cruz well field is located in the southern part of 

the Tucson basint which is the southeastern part of the Basin and 

Range province of southern Arizona.

The City of Tucson relies on ground water for its public water 

supply. To meet the demands of rapid growth, the City of Tucson has 

been actively searching for areas of water supply development. The 

study area is one of the regions being considered for expanded ground- 

water development.

The predominant structural feature in the Santa Cruz well 

field is a diamond-shaped, downfaulted block, containing four units 

of unconsolidated or semiconsolidated alluvial sediments. Igneous 

intrusive and extrusive, sedimentary and metamorphic rocks form the 

mountains which serve as a source for these sediments.

Movement of water through the aquifer is controlled by the 

lithology and structure of the basin sediments. Ground-water flow is 

greatest in the course-grained facies.

Future development of the Santa Cruz well field should be re

stricted, because the water table has been lowered more than 100 feet 
in thirty years in part of the field, and because of a thick sequence 

of low water-yielding gypsiferous mudstone in the down-faulted block.
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INTRODUCTION

The Santa Cruz well field is situated in the southwestern and 

south central sections of the Tucson basin. The basin is an alluvial 

filled valley that is almost entirely surrounded by mountainst and is 

part of the Basin and Range province of southeastern Arizona (Fennemen 

1931) (Fig. 1).
The region has an attractive climate with year-round warm 

temperatures, sunny days, and scant rainfall. A diversified, profit

able economy has developed which includes agriculture, mining, light 

industry and tourism. The combination of a desirable climate and 

anticipated economic growth has encouraged rapid expansion and develop

ment throughout the Tucson metropolitan area. The 19?6 population of 

the City of Tucson was approximately 263,000 people. The greater 

Tucson metropolitan area had an estimated population of 351«66? people 
(Municipal Index - 31st ed., 1977).

Rapid growth, and industrial and agricultural development, 

has placed a strain on the existing water supply for the City and its 

environs. Surface water in the region is scarce, and streamflow is 

too intermittent to be used as a source of water supply. Reservoirs 

are impractical because the potential evaporation rate is too high.

The region's sole source of water, for all uses, is from an essentially 

single aquifer consisting of unconfined and semi-confined zones. 

Presently, the annual use of ground water is about 200,000 acre-feet.

1
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In 1965i 60 per cent of the ground-water pumpage was used for irriga

tion, 50 per cent for municipal supply and 10 per cent for industry 
(Davidson 1973)• Because of the rapid population growth, the municipal 

supply will amount to an increasing percentage of the total ground- 

water usage. Since 19^7, the ground-water levels have declined as much 

as 160 feet in the study area and in sections of the City of Tucson 

(Wright, personal communication 1976). To keep pace with the antici

pated ground-water demand, Tucson has been developing well fields 

outside the city limits.

The Santa Cruz well field, which is south of the city, has been 

studied to determine the feasibility of expanding it eastward across 

the southern part of the Tucson basin (Fig. 1). This study compiles 

much of the existing data on the well field and is designed to supple

ment work done by the City of Tucson and the United States Geological 

Survey (U.S.G.S.).

The development of comprehensive subsurface geologic data 

would assist in the planning of future ground-water development. The 

heterogeneity and complexity of the basin sediments have made it diffi

cult to choose localities for wells that would yield large quantities 

of water. Delineation of the subsurface geology is essential if the 

more productive parts of the aquifer are to be located and developed.

Purpose and Scope

In an effort to keep pace with population growth and increased 

demands for domestic, industrial,recreational, and agricultural needs, 

the City of Tucson, Department of Water and Sewers, has initiated an
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ambitioust extensive exploration and ground-water development program 

in and around the Tucson metropolitan area. Special consideration had 

been given to the expansion and development of the ground-water re

sources of the Santa Cruz well field. During 1970, the well field 

produced 30 per cent of the City of Tucson’s total pumpage. Approxi

mately 20 Santa Cruz wells were providing water northward to Tucson 

through two interconnected 36-inch pipelines. However, only half of 

the pipeline’s capacity was being used (Stein 1971)• Expansion of the 

Santa Cruz well field is doubtful due to the increasing rate at which 

the water table is being lowered in some parts of the well field. .The 

results of a recent ground-water exploration program demonstrated that 

most of the eastern part of the well field is not suitable for develop

ment of municipal water wells.

Previous studies have been undertaken throughout the Tucson 

basin. Generally, these studies involved areas beyond the boundaries 

of the Santa Cruz well field, or large areas which included the well 

field. The City of Tucson, local agricultural organizations, and 

mining interests have examined the geology and ground-water development 

potential fo the region.

The purpose of this study is to define the extent and character 

of the aquifer situated beneath the Santa Cruz well field. The sub

surface geology of this area is defined by utilizing gravity data, well 

records, heat-flow data and borehole geophysical logs, and then the 

relationship of the subsurface geology to aquifer characteristics is

described
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Preexisting data were compiled to provide background for the 

study. Additional data became available during the period between 

February and October 1973, while the author was employed by the City 

of Tucson. During this period, the techniques and methodology used 

by the City of Tucson, the United States Geological Survey and other 

investigatory agencies were observed.

Location

The Tucson basin is in southeastern Arizona (Fig. 1). The 

basin occupies a northwest-trending valley bounded on the north by the 

Tortolita and Santa Catalina Mountains; on the east by the Rincon and 

Tanque Verde Mountains; on the south by the Santa Rita Mountains, and 

on the vest by the Sierrita, Black and Tucson Mountains. Peaks in the 

Santa Catalina, Rincon and Tanque Verde Mountains are generally higher 

than 6,000 feet above mean sea level, with some peaks over 9,000 feet. 
Mountains on the west side of the basin vary in height between 3,000 

and 6,000 feet. Surface elevations of the basin floor range from 

3,000 feet at the south end to approximately 2,000 feet a few miles 
north of Cortaro (Fig. 1).

The Santa Cruz well field is located in the southern part of 

the Tucson basin. It is bounded on the west by the slopes of the 

Sierrita, Black and Tucson Mountains. Its southern boundary extends 

from section 11 T. 17 S., R. 13 E. to section 12 T. 17 S., R. 14 E.

Its eastern boundary is along the western one-third of Townships 15,

16 and 17 S. from the southern boundary to Valencia Road, which is the 

area's northern boundary. Elevations in the study area vary from
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approximately 3,000 feet in the southeast corner to approximately 2,600 
feet near the Tucson Municipal Airport.

Climate

The Tucson basin has a semi-arid climate. The mean annual 

temperature is 67»30F; the mean temperature in July is 86.1°F, and the 
January mean temperature is 50.0°F (Green and Sellers 1964). Because 

of the high temperatures and low humidity, the potential evapotranspi- 

ration is about 42 inches per year (Buol 1964, p. 8).
Precipitation is extremely variable from year to year. The 

highest average monthly precipitation occurs during the summer months 

when evapotranspiration is also at its highest rate. From July to 

September, high-intensity, short-duration thunderstorms occur, usually 

covering only small areas. In September, tropical storms occasionally 

move inland and large rainfalls occur in southeastern Arizona. In the 

winter months, from December through March, frontal storms produce 

widespread precipitation over the entire basin. Winter precipitation 

is generally less intense, but of longer duration than summer pre

cipitation.

Because of the orographic effect of the mountains around the 

Tucson basin, average annual precipitation increases as elevation in

creases. While average precipitation is 10 to 12 inches in the basin, 

it is as high as 24 inches near the top of the Santa Cruz Mountains.

Methodology
A combination of many methods and sources of information was 

used to describe the subsurface geology and hydrologic characteristics



7
of the Santa Cruz well field. Information from previous descriptive 

studies of the Tucson basin was compiled to provide background material 

for this report and to assist the author in choosing an efficient pro

cedure by which to accomplish the purpose of this project.

Well records were the primary source of data used to describe 

the subsurface geology. These records consist of grain-size analyses, 

descriptions of pebble type and sediment color, and drillers' log de

scriptions of the lithology. Charts showing the lithology for each 

well were constructed from the author's interpretation of the existing 

information (Appendix A). One of the problems associated with these 

interpretations is the quality of the original core sample descriptions.

Core samples collected in the field during drilling operations 

from February to October 1973, and core samples from older wells in the 

Santa Cruz well field stored in the Arizona Bureau of Mines sample 

depository at The University of Arizona were examined. However, sam

ples stored at the Arizona Bureau of Mines depository seem to bear no 

correlation to associated driller's logs, borehole geophysical logs or 

sieve analyses. Some of these samples appear to have been washed, 

which may have removed significant quantities of fine sediments. For 

this reason, the author considered the most reliable sources of data 

to be from sieve analyses he performed, and core samples he examined 

in the field.

Analyses done by the U.S.G.S. office were considered to be of 

satisfactory quality, although some question of reliability has been 

raised by the author due to discrepancies in the lithologic descriptions
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and the records of weight percentage for fine or coarse-grained sedi

ments. Drillers’ logs were generally considered to have poor to fair 

reliability, although a great deal of care was taken to record lithol

ogy in certain wells. In general, descriptions by drillers were sub

jective, and the terminology varied significantly from driller to 

driller.

Some of the more recent wells drilled in the study area were 

logged with one or more types of borehole geophysical logging tech

niques. An attempt was made to utilize spontaneous potential, 

resistivity and gamma-gamma logs for inter-well correlation. Unfor

tunately, attempts at making correlations using these methods" were 

unsuccessful. However, the borehole geophysical logs did.prove very 

useful in refining the depth estimates at which lithologic change 

occurs within a well, and also provided assistance in defining the 

lithology where drillers’ logs or sample analyses were questionable.

Utilizing the lithologic and borehole geophysical data de

scribed in the preceding paragraph, a fence diagram was produced 

depicting lithologic variations of the alluvium in the horizontal and 

vertical dimensions. In addition, the fence diagram assisted in de

fining the area’s geologic structure (Fig. 2 in pocket). Maps based 

on distribution of pebble types were produced to delineate source areas 

of the sediment in the shallow aquifer (0-500 feet), and in the deep 
aquifer (greater than 500 feet).

Aerial photography from LANDSAT I and high altitude U-2 photo

graphs were used to delineate regional structures. Unfortunately,



most structure in the study area is masked by the cover of recent 

alluvium.

Since no wells have actually been drilled to bedrock in the 

center of the area being investigated, data from geophysical methods 

such as gravity and magnetic surveys were reviewed to ascertain if the 

depth and structure of the bedrock could be accurately determined. 

Unfortunately, verification of the geophysical data will not be avail

able until more deep test wells are drilled.

The hydrology of the Santa Cruz well field is closely inter

related to the region’s geologic characteristics. The influence that 

lithologic facies have on ground-water quality and aquifer yield, and 

the relationship of geologic structure to ground-water movement were 

examined. To assist in delineating the hydrologic characteristics of 

the study area, heat-flow measurements (Supkow 1971) and ground-water 

chemistry data (Laney 1972) were reviewed.

Previous Investigations

The geology and hydrology of the Tucson basin and peripheral 

areas have been described by many researchers. Their descriptions are 

useful in evaluating the subsurface geology of the Santa Cruz well 

field and its relation to the entire Tucson basin.

Smith (1938) was one of the first to collect and analyze hydro- 

logic and geologic data in the Tucson basin. Pashley’s (1966) disser

tation includes an evaluation of the structure, stratigraphy and 

evolution of the northern section of the Santa Cruz well field. Feld

man (1966), Smoor (1967) and Laney (1972) examined the relationship of

9
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the chemical quality of the ground water to the stratigraphy of the 

basin. The residual gravity anomaly in the Tucson basin was described 

and interpreted by Davis (196?) and Supkow (1971)i utilizing heat-flow 

as a means of determining aquifer characteristics. One of the most 

comprehensive studies of the geology and hydrology of the Tucson basin 

was recently completed by Davidson (1973)•

Well Numbering System

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

meridian and base line which divides the state into four quadrants. 

These quadrants are designated counterclockwise by the capital letters 

A,B, C and D. All land northeast of the point of origin is in 

quadrant A, land northwest in quadrant B, land southwest in quadrant C, 

and land southeast in quadrant D (Fig. 3)* This system has been 

adopted by the U.S.G.S., the Bureau of Land Managementt and Arizona 

State and municipal agencies for the numbering of wells. The first 

letter of the well number indicates one of the four quadrants in which 

the well is located. The first digit of the well number indicates the 

township, the second the range, and the third the section in which the 

well is located. The lower case letters a, b, c and d assigned in a 

counterclockwise direction indicate the location within the section. 

The first letter denotes a particular 160-acre tract, the second a 40- 

acre tract, and the third a 10-acre tract. In the example shown in 

Figure 3» well number (D-3-5) 17 dda, places the well in the northeast 

quarter of the southeast quarter of the southeast quarter of section 

17» T. 3 S., R. 5 E. Where there is more than one well located in a
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10-acre tract, consecutive numbers beginning with 1 are added as suf

fixes
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the Rincon and Tanque Verde Mountains (Pashley 1966, p. 11). The age 

of these rock units ranges from Precambrian to Tertiary (Pierce 1958; 

DuBois 1959)• Damon, Erickson and Livingston (1963, pp. 116-118) used 

the potassium-argon method to date mica and calculated the age of 24.8 

to 29•5 million years ago for the most recent period of metamorphism 
in these mountains.

The metamorphic and igneous intrusive rocks of the Santa 

Catalina, Rincon and Tanque Verde Mountains make up a large mass of 

low-porosity and low-permeability material. Water is only contained 

along fractures. Springs are found in the higher parts of these moun

tains. The permanence and amount of flow in these springs is dependent 

on the extent of the fracture system and on the frequency and amount of 

precipitation.

The Sierrita Mountains define the southwestern margin of the 

basin, whereas the Santa Rita and Empire Mountains form the east and 

southeastern rim of the basin. These mountains are predominantly com

posed of sedimentary, metamorphic and intrusive igneous rocks, with 

minor amounts of extrusive igneous rocks. Some of the igneous rocks 

are presumed to be of Precambrian age, but younger intrusives are also 

present. Most of the other rock units are Mesozoic in age (Cooper 

I960; Davidson 1973« p. E.l4), but small outcrops of Paleozoic rocks 
are included. The Paleozoic sedimentary rocks are mainly sandstone, 

claystone, siltstone, and conglomerate, but include lesser amounts of 

limestone and quartzite. The sedimentary focks of Mesozoic age include 

interbedded volcanic flows, tuff, and agglomerate.
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The sedimentary rocks of the Sierrita, Santa Rita and Empire 

Mountains have low porosity and permeability, but some units have 

moderate to high porosity and permeability (Davidson 1973i P» E.l4). 

Except where fractured, most of the sedimentary rocks of Mesozoic and 

Paleozoic age act as a "relatively impermeable barrier to the movement 

of ground water.

"The Tucson and Black Mountains form the western margin of the 

basin. These mountains are composed predominantly of volcanic rocks, 

consisting of andesitic to rhyolitic flows, tuff, and minor amounts of 

agglomerate, conglomerate and sandstone (Davidson 1973« P» E.l4). The 

older volcanic rocks are Mesozoic to middle Tertiary in age. Younger 

volcanic rocks are dated from middle to late Tertiary age.

The volcanic rocks of middle to late Tertiary age that crop 

out on Black Mountain and on the eastern slopes of the Tucson Mountains 

are more vesicular and fractured, and thus more porous and permeable 

than the older volcanic rocks. The sediments interbedded with the 

younger volcanics are not as well cemented as the older sedimentary 

rocks and therefore exhibit more porosity and permeability.

Sedimentary Units within the Tucson Basin

The sedimentary units in the Tucson basin consist of serai and 

unconsolidated materials of Tertiary and Quaternary age. The lithology 

ranges from clay and mudstone, sand and sandstone, to gravel and con

glomerate . The stratigraphic units have been differentiated on the 

basis of color, rock-fragment content, degree of cementation, spatial 

distribution and the percentage of sand and coarse material (Davidson



1973, p* E.14, E.15). The stratigraphic column of unconsolidated 

deposits in the Tucson basin is presented in Table 1.

Pantano Formation and Helmet Fanglomerate

The Pantano Formation and Helmet Fanglomerate have been grouped 

together because of their correlative spatial relationship, litholgic 

characteristics, and age determinations. The Pantano has been identi

fied throughout most of the Tucson basin, while the Helmet Fanglomerate 

has been recognized only in the southwestern part of the basin (Cooper 

I960).
The Pantano Formation (Finnell 1970) is described as a typi

cally reddish-brown silty sandstone to gravel, that is weakly to 

strongly cemented by calcium carbonate. A few volcanic flows are 

interbedded in the formation and they are correlative with sequences 

of volcanic rocks that crop out in nearby mountains.

Age determinations of the Helmet Fanglomerate and Pantano For

mation have been acquired by dating the interbedded volcanic sequences 

using the.potassium-argon method. The dates calculated by Damon and 

Bikerman (1964) and Cooper (I960) suggest that these units are essen

tially Oligocene in age and are 26 to 38 million years old.
Thickness of the Pantano Formation varies from at least 6,400 

feet near Davidson Canyon (Finnell 1970, p. A35) to approximately 1,000 
feet in the center of the Tucson basin (Davidson 1973, P* E.17)•

Cooper (i960) estimates the thickness of the Helmet Fanglomerate in 
the Sierrita Mountain area at about 10,500 feet.

16
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Table 1. Stratigraphic -column of unconsolidated deposits in the 

Tucson basin.

Time Unit Lithology

Cenozoic Era
Quaternary Period 
Middle Pleistocene 
to Holocene

Surficial Deposits 

Unconformity

Gravel, sand, silt 
and clay

Early Pleistocene Fort Lowell Fm. 

Unconformity

Gravel to clayey 
silt

Tertiary Period 
Miocene to 
Pliocene

Tinaja Beds Gravel to mudstone

Unconformity
Oligocene Pantano Formation Gravel to mudstone
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The variety of pebble types in the coarser sections of the 

Pantamo Formation is due to its large areal distribution. Granitic and 

gneissic material is found in the upper beds of the Pantano Formation 

in the northern and eastern parts of the basin. A greater percentage 

of volcanic and sedimentary rock fragments are found throughout the 

entire Pantano Formation in the southern and western parts of the 

basin.

The coarsest units of the Pantano Formation are found closest 

to their inferred source areas. West of the Santa Cruz fault, over 50 

per cent of the Pantano Formation and correlative sections of the 

Helmet Fanglomerate contain material coarser than silt (more than

0.06l mm in diameter). Toward the center of the basin, the unit be

comes finer until it grades predominantly into siltstone and mudstone.

Tinaja Beds

The Tinaja beds crop out along the margins of the Tucson basin, 

but are found buried beneath younger deposits in most of the interior 

sections of the basin. The beds unconformably overlie the Pantano 

Formation. Interbedded basaltic andesite flows have been used by Damon 

and Bikerman (1964) to determine the age of the lower units of the 

Tinaja beds, which are about 19 to 26 million years old. Thus, the 

Tinaja beds were probably deposited during the late Tertiary period.

Along the margins of the basin, outcrops are of variable thick

ness, ranging from 0 to more than 1,000 feet. However, thicknesses of 

as much as 5,000 feet may be present in the central parts of the Tucson

basin
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The Tinaja beds were probably deposited during a period in 

which the central part of the basin was subsiding, and the drainage of 

the basin was all internal. In the Santa Cruz well field, the Tinaja 

beds grade from very coarse material along the margins of the basin to 

clayey silt and mudstone in the center of the region.

The detritus of the Tinaja beds consists essentially of rock 

fragments representative of the nearest mountain masses. "In the 

northern and eastern parts of the basin, the beds contain abundant 

granitic fragments" (Davidson 1973« p. E.22). Drillers’ logs and drill 

cuttings suggest an increase in volcanic and sedimentary rock fragments 

in the southern parts of the basin (Figs. 4 and 5)»

The coarser sand and gravel facies along the margins of the 

basin vary in color from gray to brown to reddish brown. As the sedi

ment becomes finer toward the center of the basin, the color becomes 

more brown and reddish brown. Because of its depth in places, and its 

lithologic similarity with the Pantano Formation, it is very difficult 

to select the contact between the two rock units. In addition, David

son (1973, p. E.23) reports that there is difficulty in choosing a 

contact between the upper and lower Tinaja beds.

Fort Lowell Formation

The Fort Lowell Formation "consists of dark to light reddish- 

brown gravel, sand and silt" (Laney 1972). The formation is present 

as an outcrop along washes and the margin of the basin, but it is 

buried below surficial deposits in most of the basin. The formation 

rests on the upper Tinaja beds, and is probably early or middle
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K; : :  . 3
I *

T ::::::: ! :|«.
^ ■.... .̂ .........................

t i ........................................ . . . . . . . .  e . .
• •

::::i::!j^................. ^

• • ■ .............................

IS ahuarlta

:::::::
4

y a i . l j l ^

x If t̂.: • • • F" ■ •^ ^  |
* * * J) | * ............................... 4 |  

.................................§ • • • /*•............W .......................  .............A......

e #. .
- H  : :::::::::-r̂ e a ;:::::::.... ....

/

ti.iiiii.ii■ i..i..
:: ::::::::::::::::::::: : f

MOUNTAINS i m M M M m W s i  1 ;■

i i i i i i i .  i ................................. .1 . . . # . .  .1..................
<  X  : : : : : : : : : : : : : : : : : : : :  /  / :  Z  f f  *. . .  . . % ......... ..................................... y . . . # .  ^ . .  # . .............. / ............. ................ . .1..................... # ... .#. *  . . . .....■•••••••..............I  f .................................. •#••••••■#.....   v

, .........f-  ' A " " # ..............^.̂....# - / • 1 • • # lI f L c  ±  v
. . . . . . . .  .............. y  “

\ l [N o  : :::-V::::::::::::::::y::::!̂
^ ..........  . .......... ***** j

...

.... I •
•.................IM ■....... . IB#■ . •  fl'

. V . v .  <. ^  ^  #- x  ............ ' .....V J  * IB ................. ......^  ^  ^  T  ^ ............. •„........
............<

m m
C o n tin e n ta l 

n-F» ........ #1 1a | . . . . . . .. ■. • • • * •

M

rv'-L............ X  I • Xf.... X

: : : : : : II *  ^  ^

l i i l i i i f *  ^  -
::::::::V' ,x V ❖  <T* u *

........................... v ------//5̂ sxv< ^ tz)

NOTE: FOR LEGEND SEE FIG . 4

Figure 5 Source areas of detritus at the surface and at depth to 500 feet



22

Pleistocene in age (Davidson 1973« p. E.27)• Along the margin of the

basin, outcrops of the Fort Lowell Formation can be distinguished from

the steeper-dipping Tinaja beds, but where the beds are not exposed the

contact is difficult to choose on the basis of well log information

alone. Davidson (1973* P» E.28) selects the following criteria for

locating the contact between the two formations.

(1) A color hue change from the dark reddish brown of the Fort 
Lowell Formation to the less dark brown or gray of the Tinaja 
beds, (2) A marked increase in cementation from the Fort 
Lowell Formation to the Tinaja beds (as noted in the drillers* 
and geophysical logs), and, (3) In the northeastern half of 
the basin, a change from a limited variety of rock detritus 
in the Fort Lowell to a more varied rock fragment content in 
the Tinaja beds.

In the study area, the elastics derived from granitic rocks 

seem to have extended further southward and westward than in older 

units." This may have been caused by an increase in the height of the 

Santa Catalina, Rincon and Tanque Verde Mountains with respect to the 

rest of the basin, during the period of deposition of the Fort Lowell
i

Formation. The composition of rock fragments in the formation varies 

with the proximity to the source area in much the same way as the older 

rock units.

The Fort Lowell Formation is 300 to 400 feet thick in most of 

the Tucson basin, but thins toward the margin. The coarsest facies are 

located closest to the mountains, and less coarse facies are situated 

toward the center of deposition. The.thickest deposits of clayey silt 

were found near wells (D-15-14) 17 deb and (D-l3-1*0 10 bbb, where 
about 25 per cent of the formation is coarser than silt (Davidson 1973, 

p. E.29).



According to Davidson (1973)« the distribution of the facies 

and rock fragments suggest that the formation accumulated in a closed 

basin. In addition, he suggests that coarse deposits in the study area 

may be beach gravel or a combination of beach gravel and sand dune- 

delta deposits. This writer infers that the coarse sediments located 

in the center of deposition reflects the position of stream channels 

that eroded through the early Fort Lowell deposits and parts of the 

Tinaja beds when the drainage of the basin opened to the northwest. 

These channels were then filled and buried beneath coarser sediments. 

This hypothesis would be similar to that suggested by Pashley (1966) 

for the development of terraces and down-cutting of streams through the 

older sediments that is thought to have occurred following the change 

from internal drainage to an external northwest-flowing stream. The 

magnitude of the differential uplift which shifted the drainage from 

the basin’s interior to the northwest outlet is estimated to have been 

more than 5^0 feet in 20 miles. This value may have been closer to 

1000 feet in order to reverse the probable gradient of 13-20 feet per 

mile during Fort Lowell deposition and to create the present gradient. 

These values are based on the method used by Davidson (1973) in which 

the magnitude of uplift is calculated by the difference between the 

altitude of the top of the Fort Lowell Formation in the central playa 

area and the altitude of the top of the Fort Lowell Formation at

23

Rillito
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Surficial Deposits •

The surficial deposits, as defined by Davidson (1973, pp. E.30, 

E.31), consist mainly of sand, gravel, and sandy silt of various origin 

which include alluvial fan, sheetflow and stream-channel deposits.

They comprise the topographic benches, or terraces, described by Smith 

(1938) and Pashley (1966), and the existing flood-plain deposits, and 
were formed during periods of downcutting, alternating with deposition 

and a gradual shifting of the drainage to its present position.

The surficial deposits range in thickness from zero to approxi

mately 100 feet. Rock fragments are characteristic of the source areas 

from which the sediments were transported. Older deposits are more 

firmly packed and cemented than are the younger flood-plain deposits.

The Subsurface Geology of the 
Santa Cruz Well Field

In defining the subsurface geology of the Santa Cruz well field, 

emphasis was placed on delineation of lithologic variations within the 

stratigraphic units outlined by previous workers. This approach was 

adopted because of the interest in the area*s potential for expanded 

ground-water development. In a later section of this report, changes 

in the lithologic facies will be related to variations in permeability 

and porosity.

The most helpful method used to define the subsurface geology 

in the study area was the examination of existing well records. This 

included the recording and analysis of information regarding the per

centage of fine materials in well cuttings, the color, and the
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composition of the samples. Significant horizontal changes in lithol

ogy were associated with the location of known faults. In addition, 

the residual gravity anomaly map of the Tucson basin computed by Davis 

(1967) assisted this writer in determining the geologic structure in 

and around the Santa Cruz well field.

Using subsurface geologic data, an interpretation was made of 

the evolution of this part of the Tucson basin.

Structure

The description of the geologic structure in the Santa Cruz 

well field is based on the models of previous investigators (Davidson 

1973; Davis 1967) and on lithologic variations that were discerned 

during the analysis of drill cuttings and well records. Offset of 

units by faults are based on radical changes in lithology between two 

wells within one mile of one another.

The nature of the data prohibited the author from accurately 

evaluating the attitude of the faults, so they are depicted as being 

vertical. Likewise, it was difficult to determine the throw along the 

faults.

The center of the study area is a diamond-shaped, depressed 

block, bounded by faults on almost all sides (Fig. 4). To the west is 

the Santa Cruz Fault and other related minor faults. A northwest- 

striking fault and a northeast-striking fault that intersect in Section 

3t T. 14 S., R. 14 E. form the northern border. No apparent fault has, 

to this date, been inferred which would form the southern boundary of



the depressed block. For the present, it can be assumed that the 

southern boundary is represented by a gentle north-dipping homocline.

The down-faulted block was the center of deposition in the 

basin from the late Oligocene through the end of the Tertiary period. 

Clay and silt were probably deposited in a lake or playa that once 

existed here. The lake was then drained by subsequent subsidence of 

the Tucson basin near Rillito.

Davis (1967) used a residual gravity anomaly to interpret the 

basement structure of the basin. He suggested that its deepest part 

is in the southern part of the Santa Cruz well field, with a structural 

trough trending northeast across the study area where the greatest 

thickness of sediment presumably accumulated (Fig. 6).

Lithology

Figure 1 is a geologic fence diagram which shows variations of 

the lithologic facies in the Santa Cruz well field. The well records 

used to construct Figure 1 are given in Appendix B. The lithology de

picted in the diagram is based on the examination of drill cuttings, 

drillers' logs, and borehole geophysical logs. Well records from the 

U.S.G.S. supplied additional data, including: variations in percent

ages of fine materials, color, and the cementation characteristics of 

the samples.

Figure 1 shows an abrupt lithologic change in the western part 

of the study area, which is due to the presence of the Santa Cruz 

Fault. On the western side of the fault, coarse deposits have been up

lifted relative to adjacent silts, clays and mudstone, which are east

26
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of the fault. The deeper sediments west of the Santa Cruz fault are 

correlative to the Pantano Formation or Helmet Fanglomerate. These 

units are well-cemented, light to medium reddish brown, silty and 

pebbly sandstones, with gravel beds and interbedded mudstone beds that 

range in thickness from one to fifty feet, and locally contain minor 

amounts of gypsum. The overlying deposits are moderately cemented, 

and are probably correlative with the Tinaja beds. Their color is 

light gray to gray brown or medium brown. The next sequence of sedi

ments consists of weakly cemented, dark to light reddish-brown sands 

and gravels that have a higher percentage of silt and clay than under

lying deposits. This unit is probably correlative with parts of the 

Fort Lowell Formation.

The surficial deposits, the Fort Lowell Formation, and parts 

of the upper Tinaja beds are continuous across the trace of the Santa 

Cruz Fault. At depths of 200 to nearly 500 feet, a distinct change in 

lighology occurs along the fault plane. This suggests that there has 

been little vertical movement along the fault since late Tertiary time. 

Most of the Tinaja beds, east of the fault, are much finer than their 

counterparts west of the fault. East of the fault, sands and silts 

predominate with some thin, interbedded layers of gravel or clay. With 

increasing depth, the percentage of fine constituents increases until 

only clay or mudstone is encountered between 500 and 800 feet below the 
surface. Throughout the clay and mudstone deposits are zones of gypsum 

and anhydrite that make up as much as 25 per cent of the unit by volume 

in places.
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No wells are known to have penetrated the full depth of the 

clay and mudstone beds in the southern part of the study area. However, 

wells in the northern and eastern parts of the study area have pene

trated thinner deposits of clay and mudstone, underlain by deposits 

similar in nature to the Pantano Formation.

In the northern part of the Santa Cruz well field, the clays 

and mudstones are hot as extensive. If the interpretation that this 

depressed block was occupied by a lake or playa during a period when 

the basin was drained internally is correct, then it must be assumed 

that the lenses of clay in the northern part of the study area are in

dicative of a time when the areal extent of the lake was larger.

The surface of the clay and mudstone beds is highly irregular 

(Fig. 7)• These variations in surface elevation are assumed to be the 

result of streams flowing northward when the drainage of the basin was 

opened to the northwest. A large depression in the southeast corner 

of T. 16 S., R. 14 E. cannot readily be explained, but may be the re

sult of an inaccurate determination of the elevation of the mudstone 

surface or ambiguities in the lithologic analyses recorded by the City 

of Tucson or the U.S.G.S.

East and north of the fault-bound depression, the rock units 

consist of interbedded sand, gravel, clays and silts which typify the 

Tucson basin's normal stratigraphic sequence, as described in an 

earlier section of this report.
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Evolution of the Southern Part 
of the Tucson Basin

31

The geologic history of this part of the Tucson basin is re

corded in the lithologic characteristics of the sediments deposited 

throughout the area and in the development of the mountains around its 
perimeter.

Through careful analysis, a sequence of deposition, deformation 

or faulting, and erosion can be developed.

Early and Middle Tertiary Deposition 
and Volcanism

During early and middle Tertiary time, the Pantano beds were 

being deposited. Volcanic activity, which is evidenced by the presence 

of interbedded volcanic flows within the Pantano or Helmet Fanglomerate 

sediments, was probably occurring in and near the Tucson, Sierrita and 

Santa Rita Mountains.

Along the margins of the basin, the tilted and faulted Pantano 

beds are associated with continued subsequent uplift of the Tanque 

Verde, Rincon and Santa Catalina Mountains. However, since no outcrops 

of the Pantano were observed in the study area, the presence of any 

deformation is open to further investigation.

Middle and Late Tertiary Deposition 
and Erosion

A period of erosion followed the deposition of the Pantano 

units. Lying unconformably on the Pantano Formation are the Tinaja 

beds. In the lower Tinaja beds, near the Sierrita Mountains, the unit
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is interbedded with basaltic andesite and dacitic volcanic rocks of 

Tertiary age (Davidson 1973, p. E.21).

Deposition of the Tinaja beds was affected by the subsidence 

of the diamond-shapedt downfaulted block in the center of the study 

area. This became the center of the closed drainage system that 

existed during this period of time. Alluvial fans spread out into the 

basin towards a large lake that had formed. Fine-grained sediments 

were deposited in the lake along with anhydrite and gypsum (Pashley 

1966, p. 159).

Deposition of the fine-grained Tinaja facies was probably pre

ceded by the development of the Santa Cruz Fault, a fault that con

tinued to he active throughout the remainder of the Tertiary Period.

In addition, the northwest-striking fault along the northern boundary 

of the subsided area and the northeast-striking fault along the eastern 

side developed during the Miocene and Pliocene.

Quaternary Deposition and Erosion

The Fort Lowell Formation unconformably overlies the Tinaja 

beds. In the study area both are essentially flat lying. Therefore, 

it is assumed that little if any deformation occurred in the Quaternary 

in this locality.

Davidson (1973, p. E.29) suggested that the Fort Lowell For

mation was deposited while drainage into the basin was still closed. 

However, examination of sediment distribution and the surface of mud

stone beds indicates that the northwest drainage of the basin began 

shortly after deposition of the Fort Lowell Formation started. The



33
opening was small at first, with only small streams flowing north at 

the beginning of the Quaternary. Much of the sediment movement was 

from the mountains toward that area which had been the center of depo

sition during the middle and late Tertiary. This hypothesis is based 

on the encroachment of Santa Cataline, Rincon and Tanque Verde detritus 

into the study area (Figs. 4 and 5)*

The lake or playa inferred to exist in the center of the study 

area drained when the basin opened. Streams then began to erode some 

of the material that had accumulated on the lake bottom. As the 

streamflow out of the basin increased, so did the downcutting, and two 

well-defined stream channels developed. These channels are represented 

by valleys on the surface of the gypsiferous mudstone (Fig. 7) • One 

channel was located east of the existing Santa Cruz River, and flowed 

in a northerly direction. A second channel, which probably had its 

source in the Santa Rita Mountains, flowed north-northwest through the 

center of the study area.

After the period of erosion, gravel, sand and silt presumably 

of early and middle Quaternary age, were deposited causing filling of 

the channels and a covering over of the lake bed surface with coarser 

sediment.

Subsidence in the Rillito area relative to the basin elevation 

led to another period of channel downcutting which resulted in the 

formation of a series of terraces related to present-day drainage

channels



HYDROLOGY

The average annual precipitation in the central basin area is 

about 11 inches, and may be as much as 30 inches in the higher eleva
tions of the mountains surrounding the Tucson basin. About 30 per cent 

of the precipitation occurs as convective thunderstorms from July to 

September. In the winter months, cyclonic or frontal storms deliver 

widespread, prolonged rainfall, of light to moderate intensity. High 

evapotranspiration rates result in a large decrease in the amount of 

recharge from rainfall during the summer months. Most recharge occurs 

from winter storms and spring snowmelts in the mountains.

The sedimentary units of the Tucson basin form a single, 

hydraulically-connected aquifer system. The water-yielding character

istics of this aquifer vary with its lithology, cementation and com

paction. In addition, faults found throughout the basin have the 

ability to either impede or promote ground-water movement. Because of 

the nature of the lithologic units most of the aquifer is unconfined. 

However, fine-grained sediments in the center of the basin create semi- 

confined "zones."

Aquifer Recharge

The main source of recharge to the aquifer in the study area is 

streamflow along the Santa Cruz River, and some surface runoff which 

infiltrates through the desert surface and the bottoms of small washes.

34
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The next largest source is recharge that occurs along the mountain 

fronts near the study area. A minor amount of recharge also occurs as 

underflow from that part of the aquifer upstream from the Santa Cruz 

well field.

Recharge from Streamflow

Using data derived by Burkham (1970), it is estimated that 

approximately 6,000 acre-feet of streamflow per year infiltrates into 

the ground-water reservoir along the reach of the river that passes 

through the study area. This is supplemented by a minor amount of re

charge that occurs from infiltration along small arroyos in this part 

of the basin.

Recharge from Underflow

Anderson (1972) estimates that about 10,000 acre-feet of water 

enters the Tucson basin as underflow along its southern edge, which is 

defined by the Pima-Santa Cruz County line. It is not known how much 

of this underflow actually contributes to the ground-water reservoir 

beneath the study area due to the difficulty of determining the amount 

of underflow passing through unrestricted parts of the aquifer.

Recharge along the Mountain Fronts

Recharge along the mountain fronts occurs as runoff which enters 

joints and other openings in the rock outcrops and gradually finds its 

way to the sedimentary aquifer of the Tucson basin. Anderson (1972) 

estimates that 7*400 acre-feet of water per year is recharged along the 

front of the Santa Rita and Empire Mountains, and approximately 400
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acre-feet of water per year is recharged along the front of the 

Sierrita Mountains. Runoff from the Black and Tucson Mountains is not 

considered to contribute a substantial amount of recharge to the study 

area or the Tucson basin. In the north, recharge along the front of 

the Santa Catalina, Tanque Verde and Rincon Mountains does not have any 

effect on the quantity of water beneath the boundaries of the study 

area.

Aquifer Discharge

Water is discharged from the study area by evapotranspiration, 

streamflow, ground-water underflow, and by pumping. It is difficult to 

estimate the amount of aquifer discharge on the basis of evapotrans

piration, streamflow and underflow, but it is thought that its value 

is nearly equal to that amount gained by recharge minus that lost due 

to pumping.

Approximately 60 per cent of the total amount of water pumped 

from the study area is used for irrigation. This amounts to approxi

mately 36,000 acre-feet per year. Of this value, only about 25 per 

cent or 9,000 acre-feet per year actually is returned to the ground- 

water reservoir, the rest is lost to evapotranspiration. Over 10 per 

cent of the water pumped from the area is used for industrial purposes, 

with 50 per cent lost as consumptive use. Less than 10 per cent is 

pumped for recreational uses, with probable losses between 60 and 75 
per cent. Approximately 20 per cent of the pumped water is for munic

ipal purposes, with about 60 per cent of it lost. These estimates are 

based on data from Anderson (1972), Matlock and Davis (1972), and
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Davidson (1973)• Over 60,000 acre-feet were estimated to have been 

pumped from the aquifer beneath the study area during 1970. This value 

will undoubtedly increase if further development takes place. Sub

stantial increases should occur in the percentage used for municipal 

and industrial purposes, with the percentage for irrigation decreasing.

The Effect of Lithology on Aquifer 
Characteristics

Wells in the area of investigation are generally shallow, with

drawing water from the upper $00 feet of the aquifer. Therefore, most 

of the available aquifer data pertains to the surficial deposits and 

the Fort Lowell Formation. Some wells do penetrate the Tinaja beds in 

the center of the study area, and existing well pumping tests have pro

vided suitable aquifer data. On the west side of the Santa Cruz Fault, 

wells are screened in coarse material correlative with the Pantano 

Formation and Helmet Fanglomerate. However, no wells in the study area 

east of the fault are known to be screened in the fine-grained facies 

of the Pantano Formation.

In the coarse-grained facies of the Pantano Formation, west of 

the Santa Cruz Fault, the aquifer has been able to yield as much as 

40 gallons per minute (g.p.m.) per foot drawdown. Using geophysical 

logs, Davidson (1973) has estimated that the porosity of these units 

is between 20 and 27 per cent, and aquifer tests have been used to 

estimate the permeability which ranges from 5 to about 100 gallons per 

day (g.p.d.) per square foot.
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Aquifer characteristics of the Tinaja units depend on the 

lithologic facies in which the well is screened. Fine-grained facies 

in the center of the study area yield little or no water. In coarser 

sediments overlying the silts, clays and mudstones, and on the west 

side of the Santa Cruz Fault, specific capacities of wells may be as 

high as 40 g.p.m. per foot of drawdown. Davidson (1973) estimates 

that porosity ranges from 2k to 35 per cent in the more productive 

facies and permeabilities can be as much as 400 g.p.d. per square foot.

The Fort Lowell Formation is the most productive part of the 

aquifer in the Tucson basin. Its coarse-grained facies and weakly- 

cemented nature contribute to its production capabilities. The for

mation currently supplies most of the water used in the Tucson metro

politan area. The average porosity is about 30 per cent, but may be 

greater than 50 per cent. In some localities of the Tucson basin, 

permeabilities range from 150 to more than 700 g.p.d. per square foot. 

Specific capacities are usually as high as 40 g.p.m. per foot of draw

down, but are known to be as high as 100 g.p.m. per foot of drawdown 

(Anderson 1972; Davidson 1973).

In the downfaulted central part of the study area, fine-grained 

facies of the Tinaja beds have formed a semi-confining unit in which 

anomalously high hydraulic heads are encountered. As discussed above, 

the productivity of these fine-grained units is generally poor. A 

pumping test was run on well number (D-17-14) 3 baa, in which most of 

the screen was set in the fine-grained facies of the Tinaja beds. The 

well went dry in less than four hours after the pump was started.
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The Santa Cruz Fault and probably the northeast-striking fault 

on the east side of the study area act as conduits, by which deeper 

waters are able to travel up to higher localities in the aquifer, re

sulting in anomalous ground-water-quality characteristics.

Figure 1 shows only the lithology of the Santa Cruz well field. 

No attempt was made to define these units stratigraphically. Because 

of ambiguities related to the lithologic descriptions in wells, where 

terminology was vague a number of lithologic types were grouped to

gether on the basis of their representative permeabilities, based on 

laboratory tests defined by Ven Te Chow (1964, p. 13.10). The follow

ing groupings are represented as single lithologic types.

1. Gravel, and clean sand and gravel.

2. Conglomerate, mixtures of sand, silt, clay and gravel, gravelly 

clay, and clayey gravel.

3* Coarse to fine sands.

4. Silt, sandy clay, clayey sand and very fine sand.

5. Clay and mudstone.
2 5The first group has specific permeabilities of 10 to 10
2darcys. Group 2 has specific permeabilities of 10 to 10 darcys.

These first three groupings are considered to be good to excellent 

aquifer material. Group 4 has a specific permeability range of 1 to 

10”2 * 4 darcys and is considered to have poor potential for aquifer de

velopment. Group 5, if unfractured, has a specific permeability of 

less than 10 4 darcys and is essentially impervious (Ven Te Chow 1964,

p. 13.10).
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Heat Flow Measurements and Aquifer 

Characteristics

Supkow (1971) evaluated digital computer models of the sub

surface temperature distribution to delineate aquifer characteristics 

and the potential for ground-water development in the Tucson basin.

The subsequent information from the results of Supkow's analyses were 

compared with lithologic data compiled in this study.

A brief review of some basic heat-flow concepts and assumptions 

will aid in better understanding the remainder of this section. Before 

Supkow began analyzing his data, he had to assume: (1) the amount of

heat entering at the base of the Tucson basin is uniform from one 

locality to the next; (2) measurements of temperature are taken at a 

depth below the influence of seasonal surface-temperature variations; 

and (3) as ground water flows through alluvial sediments, it absorbs 

some of the heat rising up from the core of the earth. The larger the 

ground-water flow, the more heat that will be absorbed and removed; 

conversely, the smaller the amount of ground-water flow, the smaller 

the amount of heat absorbed and removed. Variations in near-surface 

temperatures can therefore be correlated directly to rates of ground- 

water flow.

Temperature measurements were made at five-foot intervals in 

400 wells in the Tucson basin by Supkow between 196? and 1970. The 

measurements were made from the water table to the bottom of the well.

A temperature-gradient map was then produced using this data. Steep 

temperature gradients represented zones of impermeability, while areas 

of high permeability were represented by shallow temperature gradients.
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Further analysis of temperature measurements made in wells were 

found to be of assistance in locating lithologic boundaries and zones 

of significant permeability changes. Unfortunately, the number of 

wells which had temperature logs in the Santa Cruz well field was not 

sufficient to make detailed development of such data worthwhile. How

ever, a combination of temperature and other borehole geophysical logs 

were used to delineate the lithologic characteristics of certain wells.

Recharge Areas

A contour map of the temperature at the water table was pro

duced by Supkow (1971, Fig. 60). Closed, high-valued contours were 

found to indicate zones of low ground-water velocity and low recharge 

rates. Low-valued contours indicate high ground-water velocities and 

high recharge rates. Figure 7 depicts the areas of high ground-water 

flow or recharge sources. By comparing Figure 8 with Figure 2, one 

can see the effect that the lithology in the upper parts of the Santa 

Cruz well field has on subsurface ground-water flow.

The areas of largest ground-water movement, or the areas of 

recharge, are typically found along the Santa Cruz River channel.

The low-valued contours in the northern part of T. 17 S., R. 14 E. are 

probably the result of recharge from the Sierrita and Santa Rita 

Mountains.

Zones of high-valued contours are located in the southwestern, 

central and northern parts of the study area. Low ground-water flow 

rates in the southwestern and central areas are due to the abundance 

of silt, clay and gypsiferous mudstone present in the upper parts of
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Figure 8. Temperature at the water table in the southern part of the 
Tucson basin.
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the aquifer. The area of low ground-water flow rates in the northern 

part of the study area seems to be due to an uplift of fine sediments 

and gypsiferous mudstone on the northern side of a northwest-striking 

fault in this area.

Valley Manning Function

Supkow (1971i p. 69) defines the "valley mapping function" as
A function designed to delineate thermal valleys on a contour 
map of geothermal data, such that, of a family of lines drawn 
normal to geothermal lines:
(1) A valley line is a curve traced by a vector directed 

toward contours of geothermal data having greater values.
(2) A valley line is selected from the family of normal lines 

such that for small neighborhoods along the valley 
line is less than along the adjacent normal lines, 
where
G = value of geothermal data contour line 
S = distance along normal line in plane of map 
d = derivative.

Therefore, a map is produced in which lines are drawn repre

senting zones of maximum ground-water flow rates through points in the 

geothermal contour lines where there is a minimum radius of curvature, 

and where that curvature will be concave when viewed downstream from a 

recharge zone.

Figure 9 is a structure contour map of the top of the gypsif

erous mudstones with the valley mapping function of Supkow (1971) 

superimposed. Examination of Figure 9 reveals that the valley mapping 

function coincides closely with the depressed or "eroded" surfaces of 

the gypsiferous mudstones, as shown on Figure 7. The writer interprets 

this relationship to signify that these depressed areas are valleys or
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channels that have been subsequently filled with material that is more 

permeable than the surrounding mudstones.

Water Quality

Chemical analyses of water samples were examined to determine 

if a relationship could be established between water quality and basin 

geology. Chemical analyses of well water and surface water were ob

tained from the Department of Soils, Water and Engineering (University 

of Arizona) and U.S.G.S. Water Supply Paper 1939-D (Laney 1972). Areal 

and vertical changes in the chemical quality of the water were examined 

for correlations based on sediments and geologic structure.

Smoor (1967) stated that the study of ground-water quality 

may help identify past and present sources of recharge areas of ground 

water in the basin. The results of this writer's investigation show 

that hydrochemical facies are of assistance in determining aspects of 

the geologic and hydrologic environment from which the water is sampled. 

By examining hydrochemical facies, it is possible to relate quality to 

the chemical and lithological characteristics of the sediments and the 

aquifer through which these waters may move.

Surface Waters

The only significant source of surface water in the study area 

is that which occasionally flows in the Santa Cruz River following 

prolonged periods of rain, heavy monsoonal downpours, or snowmelts in 

the upper drainage basin. When surface water is present, its general 

quality is excellent, except for large amounts of suspended sediment,

45



46
which prohibits the use of the riverflow for any public supply at this 

time. Concentrations of suspended particles may be as high as 47,000 

milligrams per liter (mg/1) (Laney 1972). In addition to high 

suspended-particle loads, public use of the river as a water source is 

discouraged because of its sporadic nature.

The dissolved solids contained in the streamflow of the Santa 

Cruz River consists mainly of calcium, sodium and bicarbonates. The 

presence of these ions is due to solution of rocks in the recharge 

areas and redissolved evaporated salts along the reach of the river. 

Concentrations of dissolved solids may be as high as 400 mg/1, but 

usually are less than 200 mg/1 (Laney 1972).

Ground Water

The ground-water quality of the Santa Cruz well field and the 

entire Tucson basin is generally excellent, except for a few localities 

where excessive dissolved solids concentrations are encountered. The 

areal distribution of dissolved solids content is related to sedimen

tary facies and subsurface structure. The concentration of most chemi

cal constituents in the ground water is, for the most part, below the 

limits of maximum concentration specified by the U.S. Public Health 

Service (1962).

The chemical constituents of the water derived from sediments 

in the basin often reflect the source areas from which the detritus was 

derived (Fig. 10, in pocket). The water withdrawn from deposits con

sisting of gneiss or granitic rock derived from the Santa Catalina, 

Tanque Verde and Rincon Mountains generally has concentrations of
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dissolved solids that are less than 300 mg/1* The water contained in 

alluvium of varying amounts of volcanic, sedimentary, metamorphic and 

granitic detritus, derived from the Empire, Santa Rita, Sierrita, Black 

and Tucson Mountains has dissolved solids concentrations exceeding 300 

mg/l. This is because such detritus contains more water-soluble mate

rial than gneissic or granitic detritus (Laney 1972).

Seven water quality types have been delineated in the Tucson 

basin. Their separation is based on a ratio of milli-equivalents per 

liter. Table 2 lists them and their descriptions.

A modified stiff diagram was produced for the chemical con

stituents in the well-water samples examined in this study (Fig. 10, in 

pocket). The stiff diagrams were then placed on a map of the study 

area, centered at the location where the sample was withdrawn, then 

areal and vertical patterns were delineated.

Distribution of Ground Water Quality Types 

Type 1 —  Calcium Bicarbonate

This type of water is found along the upstream reaches of the 

Santa Cruz River, south of Sahuarita, and in localities near the river 

in Tps. 15 and 16 S. "Calcium bicarbonate water is the result of in

filtration of surface water in which calcium and bicarbonate are the 

principal constituents, and the solution of relict calcite in near

surface deposits along Rillito Creek and the Santa Cruz River" (Laney 

1972, p. D.37). Unusually high levels of calcium in any type water may 

be due to the close proximity of gypsum or anhydrite. In T. 16 S., a



Table 2. Major types of ground water and their areal distribution

Areal Distribution of
Water Type (Ratio of Milli- Water Types in the Dissolved Solids

equivalents per Liter) Aquifer (Milligrams per Liter) Remarks

1. Calcium bicarbonate
(Ca:Na>2:1) (HCO?:SO.> 
1:1) 5 :

Occurs within 2 miles of major 
recharge areas in the Fort 
Lowell Formation and the upper 
part of the Tinaja rocks. 
Similar in chemical composi
tion to recharge water.

200-400 along Rillito 
Creek and Pantano Wash; 
300-700 along Santa Cruz 
River south of Black 
Mountain.

Contains less 
than 50 mg/1 
chloride.

2. Calcium sodium bicar
bonate (Ca:Na = 2:1 to 
1:2) (HCOySO^> 1:1)

In about ?0 percent of the 
basin in the Fort Lowell For
mation and the upper part of 
the Tinaja rocks. Typical of 
water in material derived 
from granitic rocks.

<350 in northeast; 
< 500 elsewhere.

Do.

3. Sodium bicarbonate 
(Ca:Na< 1:2) (HCO,: 
SO^ > 1:1) 5

Areal distribution similar to 
that of type 2; occurs in the 
lower part of the Tinaja 
rocks and in the Pantano For
mation, where gypsiferous 
mudstone is not present, and 
in places is the upper part 
of the Tinaja rocks.

200-500 Do.

-s-OO



Table 2— Continued

Areal Distribution of
Water Type (Ratio of Milli- Water Types in the Dissolved Solids
equivalents per Liter) Aquifer (Milligrams per Liter) Remarks

4. Sodium solfate
Ca:Na< 1:2) (HCO,:SO. < 
1:1) p

Mainly in the lower part of 
the Tinaja rocks and in the 
Pantano Formation in the cen
tral and southwestern parts 
of the basin; in the Fort 
Lowell Formation and Tinaja 
rocks in places along the 
Santa Cruz River near Tucson*

300-600 Contains less 
than 50 mg/1 
chloride.

5. Calcium sodium sulfate 
(Ca:Na = 2:1 to 1:2) 
(HC03:S0lf<l:l)

In the Fort Lowell Formation 
and the upper part of the 
Tinaja rocks in the narrow 
zone that trends northwest 
across the basin and along 
the Santa Cruz River mainly 
west and northwest of Tucson.

400-1,500 Do.

6. Calcium sulfate
(Ca:Na >2:1) (HCO,:SO,< 
1:1) 3 4

Mainly in the Fort Lowell 
Formation and the upper part 
of the Tinaja rocks in the 
zone that trends northwest 
across the basin and in 
places along the Santa Cruz 

• River south of Tucson.

400-1,500 Do.

Co



Table 2— -Continued

Water Type (Ratio of Milli- 
equivalents per Liter)

Areal Distribution of 
Water Types in the 

Aquifer
Dissolved Solids 

(Milligrams per Liter) Remarks

7* Calcium sulfate to sodium 
sulfate (Ca:Na> 2:1 to<
1:2) (Hccyscy: 1:1)

In the Fort Lowell and the 
Tinaja rocks along the Santa 
Cruz River southwest, west and 
northwest of Tucson; in gypsi
ferous mudstone in the Tinaja 
rocks; along some of the major 
faults; and also in the 
Pantano Formation where it is 
exposed along the northeast 
margin of the basin.

500-3,000 Contains more 
than 50 mg/1 
chloride.

Source: Laney 1972, p. D36.
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zone bounded on the west by the Santa Cruz Fault has high Ca++ ion 

concentrations which are probably due to the upward migration of ions 

from gypsiferous mudstone beds, east of the fault.

Type 2 —  Calcium Sodium Bicarbonate

Nearly seventy-five per cent of the shallow ground water 

(depths of 0 to 700 feet) in the Tucson basin is of this type. It 

encompasses a considerable amount of ground water east and west of 

the Santa Cruz Fault (Fig. 10, in pocket).

Type 3 —  Sodium Bicarbonate

Type 3 is encountered predominantly in the Pantano Formation 

and in the lower parts of the Tinaja beds. "The chemical transition 

from a calcium sodium bicarbonate to a sodium bicarbonate water occurs 

between 600 and 1,000 feet below the land surface" (Laney 1972, p. 

D.38). The change from Type 2 to Type 3 water is caused by an increase 

in sodium and a decrease in calcium in the water of the deeper uncon

solidated deposits. Laney (1972) suggests that "ion exchange between 

montmorillonite and the water may remove calcium from the water and 

replace it with sodium." Type 3 water is only encountered in wells 

screened at depths greater than 700 feet, as represented in Figure 10 

(in pocket). In general, concentrations of sodium are less than 50 

mg/1.

Type 4 —  Sodium Sulfate

Sulfate concentrations exceeding 150 mg/1 are not usually en

countered in the Santa Cruz well field. Sulfate levels which exceed
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250 tng/1 are generally associated with water which has moved upward 

along the Santa Cruz Fault, or in wells which have penetrated the 

gypsiferous or anhydritic mudstone in the lower parts of the Tinaja 

beds. The principal source of the sulfate is assumed to come from 

gypsum and anhydrite.

In the study area, this type of water is withdrawn near the 

Santa Cruz River south of Black Mountain, and west of the Santa Cruz 

Fault. The wells containing water with high sulfate concentrations 

are located in areas west of the Santa Cruz Fault, and may be associ

ated with older Tertiary and Cretaceous volcanic and sedimentary rocks 

in the area of the Tucson Mountains.

The TJ.S. Public Health Service (1962) suggests that water for 

human consumption contain no more than 250 mg/1 of sulfate. When high 

concentrations of sulfate are associated with sodium or magnesium, an 

unpleasant taste may be imparted to the water, and the water may be 

cathartic if consumed by humans.

Type 5 —  Calcium Sodium Sulfate

This type of water is found in the northeast corner of T. 17 

S., R. 15 E. and the southeast part of T. 16 S., R. 13 E. The high 

concentration of sulfate in this locality is due to movement of water 

from deeper parts of the aquifer along faults.

Type 6 —  Calcium Sulfate

Type 6 was not found in the water quality analyses examined 

for this study. However, Laney (1972, Plate 5C) has located Type 6
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water in the northeastern part of T. 15 S., R. 13 E., and in a zone 

extending northwest-southeast, for approximately a mile on each side 

of Interstate Highway No. 10. Type 6 water is usually associated with 

the Fort Lowell Formation and the upper part of the Tinaja beds in the 

localities described above.

Type 7 —  Calcium Sulfate to Sodium Sulfate;
Chloride Concentrations in Excess of 50 mg/1

Anomalously high chloride concentrations are associated with 

water, derived from gypsiferous mudstone, that rises into the upper 

aquifer along faults. High chloride concentrations are found along the 

west side of the study area related to the Santa Cruz Fault, and in the 

southeastern part of the study area most likely related to the presence 

of gypsiferous mudstone penetrated at depths of about 1,000 feet. 

Chloride concentrations do not increase with depth, except in water 

that is in contact with gypsiferous mudstone (Laney 1972, p. D.30).

Type 7 water is defined as having chloride levels higher than 

50 mg/1 and a sulfate-bicarbonate ratio greater than 1:1 (Table 2).

The U.S. Public Health Service (1962) recommends that chloride 

levels in drinking water should not exceed 250 mg/1. Chloride concen

trations this high are not found in the Tucson basin.

Dissolved Solids

The dissolved solids content of most of the water in the Santa 

Cruz well field is less than 300 mg/1. Anomalously high dissolved 

solids concentrations are associated with the Santa Cruz Fault (Fig. 10, 

in pocket). Dissolved solids concentrations in shallow water along
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this reach of the Santa Cruz River is probably partly the result of 

the solution of relict salts which have been precipitated by evapora

tion of water from the surficial deposits.

Another zone having high dissolved solids concentrations 

extends northwestward, parallel to Interstate Highway No. 10 (Fig. 10 

in pocket). This "zone of poor quality water is probably caused by 

the movement of water through the Pantano Formation and/or older rocks 

in the headwaters of Pantano Wash at the eastern margin of the basin" 

(Laney 1972, p. D.l8). The concentration of dissolved solids along 

this zone decreases due to dilution as it moves northwestward in the 

prevailing direction of ground-water flow.

In general, throughout the Tucson basin, concentrations of 

dissolved solids decrease with increasing depth, except where gypsif

erous mudstones are encountered. Future ground-water development 

within the Santa Cruz well field should take into account the depth 

at which the gypsiferous mudstones are encountered (Fig. 10), and the 

possibility that ground water which has been in contact with gypsif

erous mudstone can migrate upward along faults.



CONCLUSIONS

Ground water will continue to be the principal source of water 

supply for the Tucson basin. To meet the increasing demands of a grow

ing population and new industrial development, the City of Tucson must 

enlarge its present public water supply system. Until 1975i the City 

of Tucson considered additional ground-water development of the Santa 

Cruz well field. However, the water table in the area of the well 

field is declining rapidly, and expansion of the well field is unlikely.

The region west of the Santa Cruz Fault and east of the slopes 

of the Sierrita, Black and Tucson Mountains, is an abundant source for 

water supply. " Many wells in this area have specific capacities in 

excess of 50 g.p.m. per foot of drawdown. Coarse-grained permeable 

sediments extend to depths greater than 1,000 feet. Unfortunately, 

the ground-water supply of the locality has been so intensely developed 

that the ground-water levels have dropped as much as 160 feet since 
1947. Since 1972, the rate of water table decline has continued to 

increase. In some localities, the ground-water levels are dealing at 

a rate of 9 feet per year (Wright, personal communication 1975). 

Therefore, it is recommended that ground-water development of this part 

of the Santa Cruz well field be restricted.

East of the northeast-striking fault in the far eastern side 

of the Santa Cruz well field, thick intervals of coarse-grained sedi

ments are encountered. Most of the sediments are of Tertiary age, and
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are more compacted and cemented than younger Quaternary deposits. 

Anderson (1972, Figure 10) depicts a zone of transmissivities ranging 

from 50,000 to 100,000 g.p.d. in this part of the well field. However, 

a recent exploratory drilling program has not justified the drilling 

of any production wells in this area.

In the central and southern areas of the well field, well pro

duction is highly variable. Productivity of the wells appears to be 

determined by the depth at which the gypsiferous mudstones are en

countered. In this area the surface relief of these impermeable beds 

varies approximately 200 feet. This inference is based on the inter

pretation of information from drillers’ and borehole geophysical logs, 

indicating that channels have been incised into the surface of the 

mudstone deposits and later filled with more permeable sediments.

These channels can best be located by drilling test holes and examining 

well cuttings. Production wells drilled into these channels will have 

higher specific capacities than wells that do not penetrate them.

Depositions! characteristics or erosional processes have re

stricted the areal and vertical extent of the mudstone deposits in the 

northern part of T. 15 S., R. 14 E. Fine-grained facies are extensive, 

but small lenses of sand, and sand and gravel in the deeper parts of 

the aquifer may be able to produce yields that would make development 

feasible. Small diameter test wells should be drilled to determine 

the lithologic characteristics of the subsurface material before con

sideration is given to the installation of large diameter production

wells
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Ground-water production capability of the Santa Cruz well field 

is not only controlled by the regional subsurface geology, but also by 

the amount of ground-water underflow into the area. In recent years, 

heavy withdrawals of ground water by mining and agricultural interests 

south of the well field has reduced the amount of water entering the 

area, thus lowering the water table and adversely affecting the 

hydraulic gradient. This has caused the City of Tucson concern, and 

has resulted in temporarily, if not permanently, prohibiting the de

velopment of any additional production wells in the area.



APPENDIX A

DATA CARD FOR WELL NUMBER (D-16-14) 19 bba

LEGEND

Lithology

Sand and Gravel

Sand

Clayey Sand

Sandy Clay

Clay and Gypsiferous Clay

Cementation
W Weak
M Moderate
S Strong

58



59

0 — — '"?|r M

o  t  ».
• i>

o  O  • 
* * +—  • ■ ■ • —

100 • V / . X
• •••• . • 
v .  •.*.••.

e ° o° t>
ZffEZ.T

200 ... ——
- — ■ ■■ . .
** • • • mm

■ • — " * —

•3 0 0 .s
o o,»

♦0 0

•

500

»6 /  >

600 .
r ^ r r z r

a
660 ,

Myn s e ll C*l*f

10 V*  6 /2

75 YR 7/2

10 YR 7/3
7.5 YR 6/2

7.5 YR 7 /2

10 YR 6/3

10 YR 7/3

.10YR 6/4

7.5 YR 6/4.

7.5 YR 7 /4
7.5 YR S/2.

7.5YR 6/4

SYR 6 /4

RtbbleTyf*
bSXSre't- 
33% velc.

30% Bren. 

30% vole.

65%9foiu* 
3 5 *  velc. .

70% B,eWe 

30% vole.

♦OMBre*, 

10% vole.

70K B '” ** 
30% vole.

"#m#m!o*iom
F e r c e n  I F ' f o e i  
0 $0 '00



APPENDIX B

WELL DATA USED IN CONSTRUCTION OF STRUCTURE 
CONTOURS OF THE MUDSTONE UNIT

Location
Surface

Elevation
Depth to 
Mudstone

Elev. of 
Mudstone

T. 15 S. R. 14 E.
(D-15-14) 3 bbb 2600 595 1995
(D-15-14) 3 dad 2640 595 2005
(D-15-14) 8 ddd 2600 595 2005
(D-15-14) 17 deb 2590 500 2090
(D-15-14) 25 add 2775 590 2185

T. 15 S. R. 14 E.
(D-15-15) 16 ebb 2840 - -

T. 16 S. R. 14 E.
(D-16-14) 4 baa 2671 645 2006
(D-16-14) 6 abb 2600 600 2000
(D-16-14) 19 bba
(D-16-14) 25 bbb 2800 840 I960
(D—l6—l4) 27 ecc 2715 630 2085
(D-16-14) 31 bbc 2660 - -

T. 17 S. R. 13 E.
(D-17-13) 1 abb 2695 - -

T. 17 S. R. 14 E.
(D-17-14) 16 aa 2840 870 970
(D-17-14) 1 dad 2860 760 2100
(D-17-14) 3 baa 2740 700 2040
(D-17-14) 7 bbb 2680 — —
(D-17-14) 8 cab 2060
(D-17-14) 13 daa 2930 760 2170
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WELLS USED IN CONSTRUCTION OF THE 
GEOLOGIC FENCE DIAGRAM 

FOR THE SANTA CRUZ WELL FIELD 
PIMA COUNTY, ARIZONA

Township IS South, Range 13 East
(D-15-13) 13 cba reference A

Township 15 South, Range 14 East
(D-15-14) 1 abb reference B(D-15-14) 3 acd reference C(D-15-14) 8 ddd reference D(D-15-14) 13 acc reference E(D-15-14) 18 bbb reference F

Township 15 South, Range 15 East
(D-15-15) 8 ebb reference G

Township 16 South, Range 13 East
(D-16-13) 36 ddd reference H

Township 16 South, Range 14 East
(D-16-14) 4 baa reference I(D-16-14) 6 bca reference J
(D-16-14) 25 bbb reference K

Township 16 :South, Range 15 East
(D-16-15) 5 beb reference L
(D-16-15) 10 ccc reference M
(D-16-15) 2 8 ddd reference N
(D-16-15) 34 aaa reference 0

 ̂ Township 17 !South, Range 13 East
(D-17-13) 3 ddd reference P
(D-17-13) 12 bbb reference Q(D-17-13) 35 CCd reference R

Township
(D-17-
(D-17-
(D-17-

SAND

SILT, CLAYEY SAND OR SANDY CLAY 

CLAY i OR MUDSTONE 

GYPSIFEROUS CLAY OR MUDSTONE

CROSS SECTIONAL REPRESENTATION OF A 
FAULT, WITH EXPRESSION OF VERTICAL 
DISPLACEMENT

H O R I Z O N T A L  S C A L E  1  I N C H  =  5 2 8 0  F E E T
V E R T I C A L  S C A L E  O F  F E N C E  D I A G R A M :  1  I N C H  =  2 0 0  F E E T

r

FIGURE 2 FENCE DIAGRAM OF THE SUBSURFACE GEOLOGY OF THE SANTA CRUZ WELL FIELD, PIMA COUNTY, ARIZONA
GASS,  1977, GEOSCIENCES, THESIS
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R.I3E. R.I4E. R.I5E.

-----  INFERRED SURFACE EXPRESSION OF FAULT

MILLEOUIVALENTS

CONCENTRATION OF 
FLUORIDE IN MG/L

SCALE : 1 INCH = 5 2 8 0  FEET

FIGURE 10 AREAL DISTRIBUTION OF GROUND-WATER QUALITY TYPES IN THE SANTA CRUZ WELL FIELD, PIMA COUNTY, ARIZONA
GASS, 1977, GEOSCIENCES, THESIS

T 
17

 S
. 

< 
T.

 1
6 

S.



B W /
/ ? 7 7


