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ABSTRACT

The hydrogeology of a portion of the Santa Cata-

lina Mountains just north of Tucson, Arizona was studied.

Groundwater level contour maps for 1930 and 1972 were made

by establishing a well net, use of well logs and field ob-

servations. Water levels were measured in March, 1972.

Water level records and well logs provided water level

information for 1930.

The resulting maps showed hydraulic gradients

ranging from 400 feet per mile to 60 feet per mile, and

seven possible groundwater recharge channels to the Tucson

Basin aquifer. Comparing the 1930 and 1972 water level

maps showed that the greatest water level change of about

60 feet has occurred along Rillito Creek because of heavier

aquifer development. Less change in water levels has oc-

curred in the foothills.

Chemical quality analysis and temperature measure-

ments were used to further define three local aquifers.

Groundwater was generally of good quality, except in one

mine well that had high salt concentrations because of ore

deposits.
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A flow net analysis was used to estimate recharge

moving to the lower lying Tucson Basin. Recharge of 382

acre feet per year was obtained, which represents about

50 acre feet per mile of mountain front per year.



CHAPTER I

INTRODUCTION

Tucson, Arizona's only source of water is from the

underlying groundwater reservoir, and to obtain effective

groundwater management all discharges and recharge sources

must be known. Unfortunately, many of them have not been

quantified; of particular interest is the mountain front

recharge to the Tucson Basin from the surrounding mountains.

Very little research has been conducted to define

the hydrogeologic conditions and potential recharge of the

various foothill regions. A portion of the Santa Catalina

Mountain foothills just north of Tucson was selected for

this study (Figure 1).

Previous Studies 

An estimate of 325 acre feet of recharge per mile

of mountain front per year was made for the study area in

an electric analog model analysis of the Tucson Basin

(Anderson, 1969). Previous geologic studies have included

portions of the study area but were often concerned only

with the gross features or the border areas (Abuajamieh, 1966,

Maddox, 1960, Pashley, 1966, and Schwalen and Shaw, 1957).

A detailed study on the Pontatoc Mine area near the moun-

tains was conducted by Medhi (1964).

1
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Figure 1. Location Map of Study Area (shaded portion)
and Drainage
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Objectives 

The basic objective of the study was to analyze the

hydrogeology of a portion of the Santa Catalina Mountains.

Fundamental to the analysis were the following objectives:

1. To define aquifer systems and their continuity

throughout the foothills from the well logs and

other geologic information.

2. To correlate geologic information with water

levels, water quality and temperatures in pos-

sible recharge areas.

3. To calculate groundwater recharge to the Tucson

Basin from the foothills area.



CHAPTER II

GENERAL DESCRIPTION OF AREA

Hydrology 

Climate

The climate in the Tucson area is semi-arid with a

mean annual temperature of 67.3 °F (Green and Sellers, 1964).
A potential evapotranspiration of 42 inches was calculated

by Buol (1964).

Precipitation

Precipitation occurs in two seasons, summer and win-

ter. Summer rainfall is characterized by high intensity,

small areal extent and short duration, while the winter pre-

cipitation is the opposite (Schwalen and Shaw, 1957). The

annual precipitation in the basin is about 11 inches, in-

creasing with elevation to about 30 inches in the highest

portion of the Santa Catalina Mountains (Laney, 1970). In

the study area rainfall is probably slightly higher than

the basin average.

Drainage

Much of the drainage Of the foothills is controlled

by structure, namely faults and joints. The drainage trends

4
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southward from the Santa Catalina Mountains to Rillito

Creek (Figure 1) and intersects the Creek. The drainage

then follows Rillito Creek westward and out of the basin.

The greatest individual drainage areas are Finger Rock and

Pima Canyons, which give rise to the study area's largest

washes.

Runoff and Recharge

Much of the precipitation runs off the land surface

because of shallow caliche zones that impede infiltration

(Abuajamieh, 1966). Hence the only significant areas of

recharge are the stream channels and small washes in the

basin, and faults and joints of the mountains and foothills.

The high-intensity, summer storms tend to produce

sudden, often violent flows that may cause local erosion and

be heavily laden with silt (Schwalen and Shaw, 1957). The

nature of this runoff retards infiltration directly into

the ground or in stream channels.

Winter precipitation produces runoff which readily

infiltrates in stream channels and recharges the ground-

water system. The longer duration of winter runoff is the

main factor in contributing larger groundwater recharge as

compared to the summer runoff (Matlock, 1965).
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Geology 

The Tucson Basin is surrounded by mountain ranges

and was formed in the mid-Tertiary period (Maddox, 1960 and

Pashley, 1966). The Basin has since been filled with allu-

vium from-the mountains. The alluvial material in the

Basin proper forms the aquifer from which all present day

water supplies are obtained.

The mountains of the study area are composed chiefly

of metamorphic gneisses and schists (Abuajamieh, 1966;

Maddox, 1960; Medhi, 1964; and Pashley, 1966). There have

been some hydrothermal injections resulting in a few ore

concentrations (Medhi, 1964).

Geologically, the study area is divided into four

formations. The first is the Santa Catalina gneiss, which

forms the lowest boundary, and is composed of highly frac-

tured, metamorphosed granites (Abuajamieh, 1966; Medhi, 1964;

and Pashley, 1966).

The Pantano Formation is the next oldest and was

described by Brennan (1957), Medhi (1964), and Streitz (1962)

as generally consolidated dark red or red-brown to purplish

conglomerates and mudstones with some gypsum. Pashley (1966)

and Voelger (1953) called this the Rillito Formation. The

Pantano is not very productive for groundwater supplies and

tends to have water high in sal -Es and hardness. Local zones

may produce limited quantities of water (Schwalen and Shaw,

1957).
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A "basin fill" unconformably overlying the Pantano

consists of fine sands and silts to coarse sands and gravels

weakly cemented (Pashley, 1966). This seems to correspond

to the "deformed gravels" of Abuajamieh (1966) and formed

the alluvial fans of the foothills. The "deformed gravels"

probably make up the buried channels in the Pantano Forma-

tion and may be an aquifer in the foothills (Abuajamieh,

1966).

Last is the recent alluvium that fills the present

wash and stream channels and flood plains (Pashley, 1966;

Schwalen and Shaw, 1957). This formation consists of un-

consolidated silts, sands and gravels increasing in size

towards the mountains to coarse sands, gravels and boulders.

The unconsolidated sands and gravels along Rillito

Creek tend to range from 30 feet to 85 feet thick (Pashley,

1966) and form a good shoestring aquifer over older alluvial'

sediments. In the foothills, however, the thin unconsoli-

dated materials contain very little groundwater, if any,

and probably contribute very little recharge to other

aquifers in the foothills.

The eastern half of the foothills is deformed by

faults and joints. The largest fault running east to west

at the base of the mountains is the Santa Catalina Fault.

The Santa Catalina Fault was accurately traced along the top



of the foothills in the eastern half of the study area

(Medhi, 1964; and Pashley, 1966), but in the western half

the fault disappears under the alluvial fans and can only

be inferred.



CHAPTER III

PROCEDURE

Well Net 

To establish a well net in the study area old well

logs and drillers' records were consulted in the files of

the Soils, Water and Engineering Department and the Office

of Arid Lands of The University of Arizona and in United

States Geological Survey and local drillers' offices. The

initial investigation showed that very few wells were dril-

led in the study region. Hence information for all wells

found was considered for use (Figure 2).

The wells were drilled primarily for domestic sup-

plies and were located with the aid of well logs, communi-

cation with the past and present owners and through a field

search. In most cases the wells were still extremely dif-

ficult to find because of changing ownership and because

recent residential development and abandonment have altered

or hidden the original well sites.

There were two main periods of well construction in

the study area. The first was around 1930 when almost all

of the wells along the northern portion were drilled or dug.

Most of the 1930 wells were found to be abandoned and/or

plugged with rubble. The second period began in 1947 and

9
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continues to the present day. Wells drilled during this

period are mostly located along Rillito Creek and Oracle

Road.

A few abandoned wells, still measureable, were

saved for the study by capping with a metal plate. When

already capped, a water level measuring access hole was

drilled if permitted by the owner. In the case of the

filled, abandoned well, all that could be used was its lo-

cation, bench mark elevation, and any recorded or estimated

water levels. In all other cases wells were measured in

March 1972.

All of the collected well data were placed on well

information cards in the Soils, Water and Engineering De-

partment files. Such information as the identification

number of the well, bench mark elevation, location, and

water levels was placed on computer punch cards. Those

wells that did not have Department identification numbers

in current use were assigned numbers for the study. 1.11c

punch card information was then analyzed by a digital com-

puter water level contour program (Davis, 1971); contour

points were plotted by the computer for 1930 and 1972.

The base year 1930 was used for detailed study of

the area as the water level information was more complete

than that of recent years, and the water level was rela-

tively undisturbed by pumping at that time. A 1930 water
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level contour map was made after studying the various well

profiles and geologic information. The 1972 water level

contour map was made to see how pumping and recharge have

affected the water levels of the study area since 1930.

Geologic Profiles 

Geologic profiles based on well logs were made to

correlate hydrogeologic conditions and water level informa-

tion. The profile locations were selected on the basis of

well density and the characteristics of individual drillers.

More wells were found on the periphery of the study area

than in the center. In certain instances the profile made

by following wells drilled by one individual was considered

to be more accurate; it was assumed that the lithologic

terminology used would not vary much from well to well.

This case was applicable for profiles C'-C-C"-A' and

G'-G-G" (Figure 2).

The selected logs were plotted with topography of

the study area in four profiles (Figure 2). Other profiles

were plotted but did not prove useful. The well logs that

contained the most details were used. In particular the

interest was centered on water bearing horizons. For ex-

ample, a log that indicated, "gravel and water from 110 feet

to 115 feet and the water rose to 100 feet," would be used

in preference to a log that merely said, "water at 95 feet."
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In the latter case the log lacked infoimation as to water

table or artesian conditions and.the possible thickness of

the aquifer.

The geologic information from the logs was grouped

into the most common terms used. The lithologic differences

centered around color and particle size changes. Detailed

stratigraphic correlations were attempted.

Specific Capacity

The specific capacity of a well is the discharge per

unit of drawdown in the well, and is usually expressed as

gallons per minute per foot of drawdown (gpm/ft). It can

be used to gage the relative productivity of a well. The

specific capacity is influenced by the aquifer character-

istics, well losses and partial penetration of the aquifer

(Walton, 1970). Specific capacity values were taken from

the well logs; some of the tests were made by pump and

others by bailer.

Two short term specific capacity tests were run

to provide information in areas with no data. The tests

were accomplished by timing pump discharge of a known volume

to get the pumping rate. A steel surveyor's tape and an

electric water level sounder were used to measure the static

and running water levels to determine the drawdown.
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Chemical Quality

The chemical quality of groundwaters may be used

to determine the mineralogy of the aquifer that the water

is moving through. Recharge areas may be correlated by

comparing the ion concentration found at possible recharge

areas to that found in down-gradient wells. Chemical quality

considerations also are important for drinking water, in-

dustries and agriculture.

A sample of water was taken from each well in the

well net and was then sent to the Soil and Water Laboratory

of The University of Arizona for routine domestic analysis.

The analysis was for total dissolved solids, (TDS), pH hard-

ness and common constituents found in groundwater such as

sodium, calcium, chloride, sulfate, magnesium and nitrate.

Specimens were taken by lowering a mall copper tube with

a leaded bottom that would fit into most well access tubes.

Many of the domestic wells could not be sampled by the above

method, and so samples had to be taken from household tanks

or faucets. In only one case was there a chlorinator to

influence the chemical quality of the sample.

Temperature 

Groundwater temperature measurements can aid in de-

termining fault zones, recharge areas and groundwater mixing.

Fault zones often have high groundwater temperatures because

of upward leakage of hotter waters, while recharge areas
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are often characterized by low temperature waters infiltrat-

ing from the ground surface, e.g., snowmelt. Intermediate

temperatures may indicate groundwater mixing where several

water sources converge such as winter snowmelt infiltrating

in a stream bed recharging warmer, older groundwater.

Groundwater temperatures were taken with two

thermometers. The first thermometer was contained in a

brass cylinder with one-way valves at the ends. The valves

allowed water to pass through the cylinder as it was lowered

into the water. Upon lifting, the check valves closed, cap-

turing a column of water from the desired depth. The trapped

water could continuously bathe the thermometer at very near

well conditions while being removed. A small water tight

door was kept closed during the sampling and then opened at

the surface to read the water temperature. The samples in

all cases were taken from the upper ten feet of water in the

well.

An ordinary thermometer was used to measure water

temperature of the pump discharge when the well access was

too small to accommodate the cylinder, especially in domes-

tic wells. Temperature measurements of several springs were

also made.
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Recharge Calculation

The equation used in calculating the mountain front

recharge was a modification of the Darcy equation:

	Q = TIL	 (1)

where Q = Discharge in gallons per day

T = Transmissibility in gallons per day

per foot

I = Hydraulic gradient in feet per foot

L = Cross sectional width of the aquifer

in feet

If the T, I, and L values change, such as along

the foothills, the total discharge can be computed as the

sum of the discharges of a number of flow channels.

	Qtotal = T 1 I 1 L1 + T 2 I 2L2 +	 (2 )

The widths (L) and hydraulic gradients (I) of

various flow channels were found by flow net analysis of

the water level contour maps.

No transmissibility tests had been made in the study

area. The expense for such tests was probably too great

for a domestic well owner, and the information gained would

not necessarily help in managing a household water supply.

The most practical information for the private owner was

specific capacity (Cs) test data; also it was more readily

obtainable and inexpensive.
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Transmissibility values were computed from specific

capacity values based on the method of Thomasson, Olmsted

and Le Roux (1960).

T	 C s x 2000
	

(3)

Net recharge is the difference between total

recharge and the quantity pumped and evapotranspiration.

Qnet . Qtotal - Qpumped - st
	

(4 )

The water pumped was considered to be the sum of

several components. Residences were separated into those

obtaining their water from the foothills, and those receiv-

ing water from wells along Rillito Creek. Each household

that derived its water supply from the foothills was assumed

to use 50 gallons per day per person (Midwest Plan Service,

1968). Pumpage records for the City of Tucson wells in the

study area were supplied by the Water Department (Madson,

1971).

Evapo-transpiration from below the water table was

considered negligible as the water level throughout the

foothills area was beyond the root zone of the native

vegetation. There may be Evapo-transpiration losses near

springs but this was considered negligible as the vegeta-

tion was very sparse and the springs quite small.



CHAPTER IV

RESULTS

Well Logs and Geologic Profiles 

The well logs and geologic profiles (Figures 3, 4, 5)

show the high variability of subsurface geology. Table 1

provides a key to the well log code used on the profiles.

Well depths range from tens of feet to over 500 feet. The

time span of logs ranges from 1929 to 1971. The older logs

generally contained the most detailed geologic information.

The shallowest wells are along Rillito Creek, and

wells increase in depth going northward to the Santa Cata-

lina Mountains. A summary of well information is provided

in Appendix A.

Artesian conditions are dominant throughout the

foothills with water table aquifers along Rillito Creek and

a few areas next to the mountains. The majority of the logs

noted rises in water levels when an aquifer was encountered.

The depth to water in the foothills ranges from about

100 feet to 380 feet. The depth to water tends to increase

toward the mountains

18
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Stratigraphie correlations between wells were at-

tempted using the geologic profiles. The attempt was

finally abandoned because of the distance between wells,

faults in the foothills and the questionable value of the

well logs in describing geologic formations in sufficient

detail. The profiles did prove valuable in showing evi-

dence of the Santa Catalina Fault not readily apparent on

the ground surface such as in profiles B-B'-A' and

C'-C-C"-A (Figures 4,5). Also two aquifer horizons were

defined on profiles C'-C'C"-A and G'-G'G" by the water

levels and elevations of the recorded water bearing strata.

Faults identified on either side of well 337 apparently pro-

vide no hindrance to groundwater flow (Figure 5). The fault

shown on Figure 6 was inferred from the topography and the

extreme variation in specific capacity.
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Table 1. Well Log and Profile Legend 

A---Top soil and/or Caliche

B---Red and brown rocky clay conglomerate

C---Red clay conglomerate

D---Conglomerate

E---Sands, gravels

F---Clay and boulders or clay and sand

G---Red conglomerate

H---Gneissic boulders

I---Red clay or red shale

J---Black sand

K---Bedrock

L---Clay

M---Sandy shale

--%-. -Topography

-Sand, gravel aquifer boundary

k//‘ -Fault	 vS/N Inferred Fault

547-Well Number

,f-Questionable aquifer upper or lower boundary

NF -Artesian water level



111r..7111E271111=111111111211

21

a

a

o



22 



2 3



2 4

Water Level Contour Maps 

The water level contour maps for 1930 and 1972

show that groundwater flow in the foothills is very complex

(Figures 6 and 7). The eastern half of the area is compli-

cated by faults and joints there, while the western half is

apparently not as disturbed by faults. The groundwater

gradient ranges from about 400 feet per mile in the north-

west and generally decreases toward the southeast to 60 feet

per mile. Contour lines are dashed in areas of uncertainty.

Comparing the 1930 and 1972 water level maps showed

that very little change has occurred in the water levels in

the foothills. Very little influence has been exerted on

the water levels from the small amount of local pumping.

The greatest change in water levels has occurred

along Rillito Creek because of the heavier aquifer develop-

ment. There has been a decline of about 60 feet along the

western part of the creek; east of Section 28 of T13S R14E

the water level changes become very small. In the latter

case the small changes are due to a groundwater barrier,

possibly a fault (Pashley, 1966), in Section 27 of T13S

R14E as well as lesser groundwater development.
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Specific Capacity

The specific capacity values range from .02 gpm/ft

to 8.12 gpm/ft (Table 2). The specific capacities greater

than 3.0 are all located along Rillito Creek and are the

exceptions. The average value in the mountain front area

excluding the four large values not in the foothills proper

is 1 gpm/ft.

Table 2. Specific Capacity Data

Well
Number

Specific
Capacity

Well
Number

Specific
Capacity

103 .88 548 .30

105 .68 690 2.60

106 .63 689 2.70

109 1.20 827 .02

110 .50 829 .30

202 .50 830 2.40

304 .30 830A .80

323 .50 836 .70

325	 . 5.58 883 .42

326 5.70 885 .90

327 8.12 886 .89

329 3.70
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Chemical Quality

The groundwater of the study area is generally of

good quality, and is a calcium-sodium bicarbonate water.

The hardness ranges from soft to very hard, while the total

dissolved solids are within the U.S. Public Health Service

(1962) recommended limits of 500 ppm in all but four wells.

Only one well had more than a trace of carbonate (6 ppm in

No. 830).

Nitrate concentrations in two wells exceeded the

45 ppm limit recommended by the U.S. Public Health Service

(1962), while wells 110, 114, and 560 exceeded the suggested

limit of 0.8 ppm of Fluoride.

Water from well 114 was anamalously high in dissolved

solids (1370 ppm) because of local ore deposits and was not

representative of general foothills groundwater. A complete

water quality tabulation is in Appendix B.

Temperature 

Groundwater temperatures ranged from 66.0 °F to
78.8 °F (Table 3). The temperature readings were not in situ
measurements, and were used to show general trends with

fairly good results. Differences of about 5 °F or more were
considered significant. Anything less than this may be

caused by methods of measuring and local variations.
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Table 3. Temperature Data

Well
Number

Temperature
Fahrenheit

Well
Number

Temperature
Fahrenheit

101 76.6 696 72.5

102 78.8 825 77.0

104 78.0 830 69.8

110 77.5 836 69.3

114 66.5 837 68.2

202 76.0 864 77.0

302 66.0 871 72.0

324 62.2 883 75.5

514 71.5 895 68.9

559 77.0 900 68.0

560 73.8 902 68.3



CHAPTER V

HYDROGEOLOGY

Introduction

Field observation, well logs and water level contour

maps provided the information needed to make a flow net or

groundwater flow channel map (Figure 8). The flow channels

were confirmed in part by a geologic cross section using water

level information and a surface of consolidated sediments

(Maddox, 1960).

Chemical quality analyses and water temperatures

were also used to substantiate the proposed flow channels

in Figure 8. The chemical quality data proved to be more

significant and readily correlated with recharge to the aqui-

fers in the flow channels. On the other hand, the tempera-

tures showed trends in the groundwater flow, but data were

insufficient for detailed analysis.

After the various flow channels were defined, an

estimate of recharge across the 2400-foot water level

contour was computed from the physical and hydraulic fea-

tures of the channels. The hydraulic gradients and chan-

nels widths were measured directly from the flow net and

1972 water level contour map (Figures 7, 8).

30
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Water Sources to the 
Foothills Aquifers 

Water in the foothills study area occurs as surface

runoff, groundwater flow and water which is, for the most

part, locked in very low permeability materials. The sur-

face runoff which occurs during times of rainfall and snow-

melt gathers into the washes, and drains into the lower basin

area along Rillito Creek. Recharge from surface flows is

difficult to evaluate because of the variability of rainfall

and the violent nature of some flows. However, very little

of the surface runoff is thought to recharge aquifers because

of the tight channel materials under the Recent alluvium and

limited duration of the flows. Some recharge may occur very

close to the mountains where the washes and faults cross or

coincide.

Significant groundwater recharge to the various sand

and gravel aquifers seems to occur through faults and joints

in the mountains and higher foothills. The two largest con-

tributing drainage areas are Pima and Finger Rock Canyons.

Washes from these canyons lead to the main groundwater re-

charge areas in Sections 12, T13S R13E and Sections 22 and

23, T13S R14E.

Recharge to the aquifers from water stored in very

tight materials is negligible. There are insufficient data

to determine if a leaky artesian system may contribute

recharge.
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Aquifers

The well logs and water levels showed small distinct

sand and gravel artesian aquifers along the mountain front

which are perched relative to the Tucson Basin and are local

in nature. The only aquifers continuously traceable north-

ward from the Tucson Basin aquifer were found in Section 12,

T135 R13E and in Sections 22 and 23 T13S R14E along profiles

•C'-C-C" and G'-G'G" respectively. These two aquifers form

the largest developed aquifers in the foothills.

Significant aquifers were identified by making a

transparency of the surface of consolidated sediments des-

cribed by Maddox (1960) (Figure 9). When the transparency

was placed over the 1930 water level contour map, two areas

of recharge were seen to fall along troughs in the consoli-

dated sediments with one of the major recharge areas in the

largest trough.

A composite cross-section along the 2480 foot water

level contour shows the two sizeable aquifers (Figure 10).

Obvious recharge channels are seen in the northwest above

North Oracle Road and Rillito Creek, and in the eastern

half roughly along North Alvernon Road. Unfortunately, •

Maddox's map does not cover the entire study area and can-

not verify all possible recharge locations.
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Figure 9. Consolidated Sediment Surface (after Maddox, 1960)
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Groundwater flow in the area between the defined

recharge zones is extremely small or nonexistant. This

concept was verified by wells in Sections 15, 16, 21 and 22

of Township 13 South, Range 14 East. The domestic wells in

these sections alternate east to west with "dry" wells.

For example, the domestic wells at the east and west sides

of Section 22 are separated by "dry" well 336 in the middle

of the Section. Also well 320 in Section 15, T13S R14E is

considerably below the water level of wells in Section 22.

A "dry" well was also located in Section 21. Furthermore,

in Section 36 of T12S R13E, well 548 is a very small pro-

ducer of about 50 gallons per day (Nason, 1972); while almost

1000 feet directly east wells 303 and 316 are "dry."

The very steep groundwater gradients from 200 feet

to 400 feet per mile in the west and very low specific capa-

city of .02 gpm/ft seem to be indicative of very tight for-

mations. The steep contour areas may have water in the

subsurface materials, but their transmissibility tends to

be very low.

The water level contours in Section 31 and 32 of

T12S R14E indirectly reveal a fault trending southeast to

northwest (Figures 6, 7). Also geologic profiles for this

area show a very sharp rise in water level elevations in

short distances. The groundwater levels can, in a general

way indicate the relative vertical displacement of the fault.
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If one assumes that the aquifers of wells 101, 559, 110,

and 825 are the same, and that the water levels have only

been disturbed by vertical displacement, then a minimum

fault movement of 210 to 330 feet has occurred. This is

the Santa Catalina Fault as described by Medhi (1964) and

Pashley (1966). Former investigators were unable to ac-

curately trace the Santa Catalina Fault west of Section 4

T13S R14E as the fault is buried under the alluvial fans

there.

In Sections 9 through 16, T13S R14E, faults and

joints are evident. These geologic features are not as

readily reflected in the analysis because of the lack of

wells in the area. The contours shown are the result of

field observations, topographic map study and data from the

few available wells.

Water level contour irregularities in Sections 20

and 29, T13S R14E are mostly caused by local pumpage as

well as the influence of Rillito Creek. The groundwater

from the foothills mixes with Tucson Basin groundwater here.

The underflow then moves in a northwesterly direction and

out of the basin. A groundwater mound in Sections 26 and

27, T13S R14E is caused by recharge from Rillito Creek.
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Correlation of Water Quality
and Groundwater Flow

Water quality correlations could not be made for

flow channel "A" (Figure 8). Wells in this area are plugged,

and water samples could not be obtained.

Correlations of water quality and groundwater flow

in flow channel B were made for wells 101, 311, 599 and 696

(Table 4). Well 311 has almost twice as much calcium and

magnesium, bicarbonates and total dissolved solids (TDS)

as the other wells. Well 311 is probably located in the

Pantano Formation (Schwalen and Shaw, 1957), and the other

wells seem to be in the deformed gravels (Abuajamieh, 1966).

No log was available to show evidence of Pantano Formation.

In well 559 the total dissolved solids, calcium,

magnesium, bicarbonates and sulfates are somewhat lower

than the three other wells. This well is on or near the

Santa Catalina Fault. It is probable that the 200 to 300

feet of the fault zone (Medhi, 1964) is very pelmeable re-

lative to the surrounding materials and conducts groundwater

rapidly from recharge sources. This limits the length of

contact time with the materials and results in lower levels

of constituent ions.

The ion concentrations of the upper wells of flow

channel C (wells 110, 560 and 825, Figure 8) are remark-

ably similar (Table 5). Wells 312, 337 and 690 in the
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Table 4. 	Water Quality in Flow Channel B

Chemical
Constituents 101

Well Number

311	 559 696
(Mom)

TDS 349 593 225 261

Bicarbonate 215 300 159 156

Sulfate 16 34 8 16

Calcium 42 86 24 43

Magnesium 8 24 9 4

Table 5.	 Water Quality in Flow Channel C

Chemical
Constituents 110 560

Well Number

825	 312 337 690
(PPrn)

TDS 335 367 393 304	 - 398 366

Bicarbonate 185 215 215 190 146 98

Sulfate 20 18 20 10 40 40

Calcium 40 46 52 36 56 66

Magnesium 8 12 11 11 13 13

Table 6. Water Quality in Flow Channel D

Chemical
Constituents 324

Well Number

3092	 328
(PPm)

TDS 352 599 311

Bicarbonate 217 183 163

Sulfate 12 78 20

Calcium 44 100 52

Magnesium 9 17 7
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lower section of the channel show evidence of some mixing

of groundwaters from different sources.

The quality of water in well 3092 is difficult to

correlate with its proposed recharge source in Section 4 of

T13S R14E as indicated by flow channel D (Figure 8). Table

6 shows that its water is considerably poorer in quality

than either well 324 at the head of the channel or well 328

near Rillito Creek. This suggests that the recharge travels

through the Pantano formation and/or mineralized zones be-

fore reaching the well

Groundwaters in flow channels E and F (Figure 8)

were difficult to correlate because of the lack of sample

wells. Water in well 302 which is a spring is of remark-

ably good quality although relatively high in sulfate.

Water in well 864 is similar to that in well 324 indicating

that flow channel E may have its source near that of flow

channel D (Table 7). There is little apparent correlation

of water quality in the wells of flow channel F (Table 8).

Water in well 3094 is undoubtedly mixing with Rillito Creek

underflow.

The best correlation of water quality with ground-

water flow was made in the far eastern portion of the study

area. Wells 102, 104, 880, 883, 878, and 879 show an ex-

cellent correlation in all constituent ions (Table 9) and

support the other evidence of recharge areas in flow

channels G and H.



Table 7. Water Quality in Flow Channel E
Gré11 Number

Chemical
Constituents	 302	 324	 864

(PPm)
TDS	 165	 352	 357

Bicarbonate	 54	 217	 190

Sulfate	 50	 12	 26

Calcium	 15	 44	 60

Magnesium	 6	 9	 7

Table 8. Water Quality in Flow Channel F 

Chemical
Constituents 302

Well Number

824	 3094
(PPm)

TDS 165 488 370

Bicarbonate 54 293 210

Sulfate 50 5 30

Calcium 15 50 64

nap.nesium 6 18 8

Table 9. Water Quality in Flow Channels G and  H

Chemical
Constituents 102 104

Well Number

880	 878 881 879
PPm

TDS 309 300 371 362 346 329

Bicarbonate 237 237 224 200 203 195

Sulfate 14 10 16 17 21 14'

Calcium 54 40 54 52 44 44

Magnesium 11 10 11 9 11 11

41
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The anomalously high value of 756 ppm of total dis-

solved solids in water from well 902 is probably not repre-

sentative of true conditions in that area as it is a hand

dug well, crudely covered and subject to surface contamin-

ation.

The water sampled from the old Pontatoc mine (well 114)

has poor quality with a total dissolved solids content of 1,379

ppm. The high level of constituent ions is a result of

hydrothermal activity, that mineralized a portion of the

area (Medhi, 1964). This water does not correlate with that

of any of the flow channels.

Correlation of Water Temperature
Groundwater Flow

Water temperatures in wells 114, 302 and 324 are the

lowest in the study area and show the influence of recharge

from snowmelt from higher elevations to the north (Table 10).

The generally lower temperatures of groundwater in wells along

Rillito Creek also are indicative of the snowmelt recharge

from the Creek.

Wells 864 and 871 in the center-Rillito Creek loca-

tion have higher water temperatures. This indicates little

or no influence from Rillito Creek recharge, probably be-

cause of low permeability materials.

Water from wells in flow channels B and C is warmer

than that along Rillito Creek (Table 11). There is a slight

tendency toward increasing temperature away from the



Table 10. Water Temperature Analysis

Well No.	 Temperature	 Group
Fahrenheit 	 Location

114	 66.5

302	 66.0

324	 62.2

Rillito Creek:

895	 68.9

900	 68.0

902	 68.3

Upper

East

830
	

69.8

836
	

69.3
	

West

1537
	

68.2

864
	 77.0	 Center

871
	

72.0

43
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mountains. This may be because of longer contact in the

subsurface and possibly heat contribution from faults. The

anomalously low temperature for well 696 may be because of

measuring error. This was the most difficult well to

measure.

Water temperatures in flow channels G and H cor-

relate very well and confirm this proposed groundwater

recharge area (Table 12). Water from wells 202 
and 883 is

slightly lower in temperature than the others which is

probably an influence of mixing with Rillito Creek ground-

water.

No temperature correlations for flow 
channels A., D,

E and F could be made. Accuracy for 
correlations was ham-

pered because of insufficient data, 
and the disturbing

influence of Rillito Creek recharge.



Table 11. Water Temperatures in Flow Channels B and C 

Well No.	 Temperature	 Remarks
Fahrenheit 

360	 73.8

110	 77.5

559	 77.0

825	 77.0

101	 76.6

337	 77.4

311	 78.0

696	 72.0	 measurement
roblem

Table 12. Water Temperatures in Flow 
Channels G and H

Temperature
Fahrenheit 

78.8

78.0

76.0

75.5

45

Well No.

102

104

202

883
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Flow Net Analysis of Recharge 
to Tucson Basin

The study area was divided into 15 flow channels

of which 8 were considered to contribute groundwater re-

charge to the Tucson Basin area (Figure 8).

Transmissibility values were calculated from

the specific capacities of wells representative of each of

the flow channels (Table 13). All specific capacity values

were calculated from well log information except wells 110

and 883. Specific capacities for wells 110 and 883 were

obtained from short term pumping tests made in 1971. The

width and hydraulic gradient of each flow channel was taken

directly from the 1972 water level contour map.

The tabulated values were used to calculate the

groundwater underflow across the 2400-foot water level ele-

vation on the 1972 map. The non-lettered flow channels were

considered to have extremely small transmissibility vAlues,

thus no significant flow in them. The resulting individual

recharges range from 9,500 gallons per day (gpd)-in channel

G to 203,000 gpd in channel B.

The recharge was 345,000 gpd which is 383 acre-feet

per year or about 50 acre-feet per year per mile of mountain

front. Pumping in the area was less than one per cent of

the total and was therefore disregarded.
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Table 13. Flow Channel Di char

Flow	 Specific
Channel	 Capacity

(gpm/ft)

Transmis-
sibility
(gpd/ft

Gradient

(ft/mi.)

Width

miles

Discharge

(glod)

A .30 600 440 .037 9,800

2.70 5400 400	 . .094 203,000

2.60 5200 220 .037 42,400

D .68 1400 160 .060 13,400

.68 1400 15 0 .066 14,000

.90 1800 10 0 .066 12,000

G .42 840 100 .11 9,500

H .50 1000 67 .610 41,000 

Total	 345,000
(rounded)
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Discussion of Errors

The transmissibility values used to determine re-

charge were calculated from the specific capacities of wells.

Specific capacity values are influenced by well losses such

as those caused by incrustation or corrosion of the casing

perforations, and tend to decrease with increasing well age.

The bailer was most commonly used to measure the

discharge in determining specific capacity. The variable

time for each bailing cycle with this method, results in a

questionable discharge value. In addition, the constant

of 2000 used in the formula to estimate transmissibility

may not be accurate for the study area.

The lack of wells in parts of the area made drawing

the water level contour maps difficult and probably influ-

enced the measured hydraulic gradients. The scarcity of

well log data impeded the clear definition of various flow

channel widths, such that the widths may actually be wider

or narrower than the values used for calculation of recharge.

The computed recharge was the product of thetrans-

missibility, hydraulic gradient and channel width. The total

recharge may be in error by an order of magnitude because

of the various inaccuracies described above.



CHAPTER VI

CONCLUSIONS

The study area was found to be an extremely complex

transition zone between the mountains and the lower ground-

water basin, and seems typical of the foothills surrounding

Tucson.

Several artesian aquifers were located with the two

largest developed aquifers in Section 12, T13S R13E and in

Sections 22 and 23 of T13S R14E. Water table conditions

generally exist close to the mountains.

All of the aquifers seem to be comprised of sedi-

ments that have filled old channels in the semi-consolidated

Pantano formation which explains, in part, how extreme vari-

ations in quantity and quality of groundwater may occur in

relatively short distances.

The geologic profiles and water level contour maps

depict the hydrogeologic conditions of the foothills. The

study was limited by the low density of the wells or complete

lack of wells in certain sections. The lack of well data

may have resulted in underestimating the total recharge

across the 2400-foot level contour. Assuming transmissibil-

ity values of zero reasonably depicts inter-aquifer con-

ditions to the best of present knowledge.

49
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The groundwater gradients range from about 400 feet

per mile in the northwest to around 60 feet per mile in the

southeast. The depths to water range from over 100 feet to

380 feet.

The groundwater was found to be generally of good

quality. It is a calcium-sodium bicarbonate water, and the

hardness ranges from soft to very hard. Water in the Pan-

tano or simular formations and mineralized zones is generally

of poorer quality.

Temperatures were used to show trends of ground-

water flow, but were hampered by no in-situ measurements.

Temperature drops of over 5 °F readily correlate with the
cold recharge from snowmelt. On the other hand, tempera-

ture differences of a few degrees may be caused by local

conditions or methods used and are difficult to attribute

to any other cause. The temperatures varied from 62.2 °F
to 78.8 °F.

Flow net analysis was used to quantify groundwater

recharge from the foothills area, but analysis was limited

by the scarcity of information and the complexity of the

area. Recharge from eight individual flow channels varied

from 9,500 gallons per day (gpd) to 203,000 gpd. The total

recharge was then calculated to be 385 acre feet per year.

Net recharge after subtracting pumping in the area was 382

acre feet per year. This represents about 50 Icre feet per
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mile of mountain front per year for the study area as com-

pared to the result of 325 acre feet per mile per year

obtained in the electric analog model study (Anderson, 1969).

Recommendations

More Wells Are Needed: 

Information from the placement of observation well(s)

in areas of no wells, such as Section 8 of T13S R14E, would

provide information on the subsurface geology and lateral

continuity, if any, of the groundwater aquifer. The old

wells near the mountains that are plugged with rubble can

be cleaned out to make observation wells. Wells near the

recharge areas could reveal what has happened to the water

levels since the 1930's and the possible influence of down-

gradient pumping.

Well Tests Are Needed:

The specific capacity data taken from well logs

was determined by various methods such as bailing and pump

tests which were conducted at various times from - 1929 to

1971. Specific capacity depends upon the construction and

development of the well, and if tests are made after a peri-

Od of time, the values obtained will result in underesti-

mates of transmissibility. The method used for calculating

transmissibility values was most useful for gaining an idea

of the foothills hydrogeologic conditions, but future
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evaluation of groundwater resources should include a large

number of specific capacity tests. If possible, a pumping

well or recovery test may be conducted to directly calculate

transmissibility values.

Investigate Deep Flow from Faults:

There may be deeper aquifers not recorded on any of

the study wells such as a large basal conglomerate, that

may obtain considerable recharge from inter-connecting

faults along the northern part of the study area. Little is

known of the water transmitting character of the faults.

Basin recharge from faults may be a substantial quantity.

Streamflow Gaging for Washes:

Streamflow gages for a wash(s) could quantify flow

losses between two or more sample points. The information

gained could be used to estimate fault infiltration losses

if placed accordingly, hence would provide a measure of

recharge.



APPENDIX A

WELL INFORMATION
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