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LITHOLOGIC AND STRUCTURAL INFLUENCES ON THE

HYDRODYNAMICS OF THE TUCSON BASIN, ARIZONA

by

William J. Ganus

ABSTRACT

The Tucson Basin is a structural feature of middle Tertiary

age. Since middle Tertiary time clastics derived from surrounding

mountains and carried by intermittent streams have filled the basin

with more than 3100 feet of sediments. The present supply of water

for the Tucson area is taken from groundwater in the upper 500 to 800

feet of these basin sediments. Groundwater withdrawal from the basin-

fill sediments has resulted in a continual decline of the water table,

especially since World War II. This decline has not been uniform and

is cause for concern in the future water development in the basin.

Data from recent deep wells, combined with information from shallow

producing wells, has made possible a better understanding of the

structure, stratigraphy, and groundwater movement in the basin. A

prominent northeast-southwest structural trend across the basin is inter-.

preted and substantiated by gravimetric survey data. The upper basin-

fill sediments, considered generally to be of Pleistocene age, are found

to be underlain by very fine grained deposits (Pliocene ?), which are

underlain by an unknown thickness 01 conglomerates, sands, and clays

(Miocene 7). By using well controls correlation of the thicker units
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appears to be generally possible across the basin; however, detailed

correlations within some of these units are difficult to make from well

to well as lateral variations over short distances, characteristic of

alluvial deposits, are very common. Descriptions of the lithologic

characteristics of the upper basin sediments have been recorded on

drillers' logs for hundreds of wells in the basin. The synthesis of

this well log information into maps of lithologic distributions was

made in this study by a method of plotting the characteristic lithology

of selected 100 foot intervals from drillers' logs of representative

wells. From these distribution diagrams, an interpretation of the depo-

sitional environment was made. The lithologic distributions are corre-

lated with hydrologic features shown on maps of isospecific capacity,

dewatered sediments, and lateral head displacement changes in order to

better understand the relationships between the groundwater movement

and the geologic controls. Decline of the water table was found to be

the result of, or combination of, well density, well capacity, litho-

logic variations, and permeability boundaries. Good correlations which

exist between the geologic and hydrologic characteristics permit out-

lining areas of good and poor permeability and projected yield.



INTRODUCTION

Statement of Problem

Since World War II, the population growth in the Tucson area

has been remarkable and the resulting demand for water has been met by

exploitation of the groundwater of the area. The withdrawal of ground-

water from the Tucson basin by man has resulted in a differential

response of the groundwater table elevation across the basin. Result-

ing anomalous areas of water table decline indicate inhomogeneity in

the spatial distribution of the water bearing sediments. Postulated

structural configurations within the basin are believed to also influence

the groundwater movement. From recent drilling of deep wells within the

basin, additional lithologic and structural information is now available

which permits new interpretations of the subsurface geology. These

interpretations, combined with a study of the lithologic distribution,

need to be related to such hydrologic aspects as the rate of water table

decline, wefl productivity, and radial zones of influence, in order to

explain the anomalous and diverse character of the groundwater response

to pumping by man. Continual correlation of these geologic and hydro-

logic characteristics should permit the outlining of favorable future

water reserves.
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Location

The Tucson Basin is surrounded on the north and east sides by

the Santa Catalina and Rincon Mountains; on the southeast by the Santa

Rita Mountains; on the southwest by the Sierrita Mountains; and on the

northwest by the Tucson Mountains.

The basin area is considered to be on the order of Li60 square

miles, however, due to the sparcity of wells in the southern half of

the basin, the area of study, approximately 230 square miles, is con-

cerned primarily with the city of Tucson and adjacent areas where well

density provides good control. Geographically the study area extends

from the Santa Cruz River on the west to the Rincon Mountain foothills

on the east and from the Riflito Creek and Santa Catalina Mountain foot-

hill s on the north to approximately midway in the basin to the south.

The legal description of the area studied is the southeast quarter

of T135, R13E, the south half of TF3S, of R1L&15E; T14S, the west half

of R13E, and all R114&15E; and T15S, the west half of R13E, and all of

T1IJ&15E.

Ground elevation in the study area has a low of +2260 feet in

the northwestern corner and a high of 3080 feet in the southeastern

corner. The drainage pattern, generally to the northwest, exemplifies

the regional slope of the area.

Previous Work

Hydrologic and geologic studies of the Tucson Basin were made

in 1910 and 1938 by G. E. P. Smith. Moore and others (19L1) and Turner

and others (19L3) have made studies of basin features as open file
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Figure 1..Maps Showing Location of Tucson Basin and Are.a of Study
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reports for U. S. Geological Survey. Schwalen and Shaw have published

reports and water table maps of the basin in 1957 and 1961. Kidwai (1957),

Maddox (1960), and Streitz (1962) have written Master's theses dealing

with the basin sediments. Several geologic investigations of surrounding

areas which relate to the subsurface geology of the basin have been made

by Coulson (1950), Voelger (1953), Blissenbach (1957), and Brennan (1957).

The Rillito Creek Hydrologic Research Committee of the University

of Arizona and the U. S. Geological Survey completed a study in 1959 of

the water occurrence in the Tucson area. All phases of surface and sub-

surface water were analyzed to show their interrelationships and to

point out the investigations that should be conducted in order to obtain

a better understanding of the problems facing man in any water deficient

area such as the Tucson Basin. This thesis is one of the investigations

recommended by the Research Committee.



REGIONAL GEOLOGY

Throughout the Cenozoic Era southeastern Arizona has been an

area of relative Instability. Faulting and uplifting in the early

Tertiary period probably marked the beginning of the structural develop-

meüt of the area that resulted in a series of basins and ranges by

middle Tertiary time. Since that time, modifications of these basins

and ranges have taken place as the earth's crust has continued to

respond to differential erosion and deposition on the surface. Struc-

tural activity in these basins and ranges has occurred as recently as

the Quaternary Period, giving the physiographic setting that we see

today (Fenniman, 1931).

The prominent trend of mountains and valleys in southeastern

Arizona is generally northwest-southeast. However, less conspicuous

structural trends do exist and are revealed only by fraiientary

evidence.

The basin sediments in a basin and range environment are

generally clastics derived from the surrounding mountains. The pre-

dominant clastic size that is deposited in the basin at any one time is

dependent on the source rock type, the relief of the source area, the

length of transport, and the energy of the transporting agent. Since

middle Tertiary time, variations in these controls have resulted in a

variety of lithologic deposits.
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tratigraphy

Well data indicates the thickness of basin sediments within the

Tucson Basin to be in excess of 3100 feet. Preliminary gravimetric

surveys and tenuous correlations of the deepest well data with surface

units indicates that Mesozoic rocks similar to those cropping out in

nearby mountain areas may be overlain by 7,000 to 10,000 feet of basin

sediments.

Recent exploration for new water reserves within the basin has

resulted in several deep wells to depths of 315 feet. These wells have

aided in defining the lithologic units of the basin. The deepest well

(Plate I, cross-section B_B') encountered a clay, sand and conglomerate

sequence in the bottom 1300 feet. It is speculated that this subsurface

unit is correlative with the Pantano (Miocene ?) beds of Brennan (1957).

At the type section in Cienega Gap area southeast of the Tucson Basin

(Figure 2), Brennan measured 13,762 feet of faulted and folded clays,

sands, and conglomerates with minor igneous extrusives. Potassium-

argon age dating of one of these extrusives, a rhyolite ash flow in the

upper beds, has indicated an age of 32.8 ± 2.7 to 36.7 ± 1.1 million

years ago (Damon and Bikerman, 196L) which is upper Oligocene to lower

Miocene time. Uplifting and faulting of the Pantano beds probably

occurred in late Miocene and early Pliocene (Cooley and Davidson, 1963).

The clay, sand, and conglomerate sequence in the deepest well

is overlain by a clay and silt unit, in part gypsiferous, approximately

1200 feet in thickness. Several other deep wells within the basin

have encountered similar fine grained sediments (Plate I, cross-section

B-B'). Correlation of these clays and silts with surface units has not

6
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been established; however, their position in the subsurface relative to

other units suggests lateral equivalents. In 1925 Bryan assigned a

Pliocene age to the bedded conglomerates, sandstones, and mudstones

which fonn the pediment south of the Santa Catalina Mountains. Voelger

(1953) named these sediments the Rillito beds. Blissenbach (1957)

described these sediments as being deltaic and derived from a low lying

land mass north of the depositional area. He reported that outcrops of

these beds show coarse grained topset beds grading basinward into fine

grained bottomset beds within a distance of a few feet. If this was the

characteristic depositional environment of the Rihito beds, then the

thick clays and silts encountered in wells in the basin are probably

stratigraphic equivalents of these beds and therefore Pliocene in age.

Overlying the clays and silts in the basin is a 500 to 800 foot

thickness of generally mixed and poorly consolidated clays, sands, and

gravels, which are assigned a Pleistocene to Recent age. It is from

these upper basin-fill sediments that groundwater is withdrawn for the

demands in the Tucson area and therefore their spatial distribution is

very important in locating areas of best water yield. As well develop-

ment takes place, more detailed lithologic information of these sediments

becomes available, primarily in the form of drillers' sample logs. How-

ever, since most water wells are dr11ed solely for water, many sample

descriptions lack sufficient detail of hithologic or induration charact-

eristics to be of use in a geologic study.

Structure

In addition to lithologic data, the deep wells in the basin

indicate certain structural features which previously have not been
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interpreted from isolated surface features.

In the three deep wells of Sections 2 and 3, T15S, R1L1E, the low-

er conglomerates, sands, and clays of probable Paritano equivalent were

found to be structurally higher than in any other deep wells in the basin.

Even though other wells are as deep or deeper, none have penetrated these

conglomerates (see cross-section A-A', Plate I). This anomalous sub-

surface structure is believed to be associated with a cross-trend in a

northeast-southwest direction that includes Black Mountain (intrusives

and extrusives) southwest of the basin, the three deep wells referred to

above, Twin Hills (intrusives) east of the basin, and Redington Pass

between the Santa Catalina and Rincon Mountains in the same structural

belt (Figure No. 2). The deep, but structurally high conglcaiierates

indicate a possible horst block feature in the subsurface with a north-

east-southwest trend. Heindi (1959), in a geological investigation of

the Black Mountain area, discussed surface structural features which are

consistent with this subsurface structural interpretation. The intrusive

and extrusive igneous material in this belt may indicate zones of struc-

tural weakness. The magnitude of displacement of the uplifted horst

block cannot be estimated as no other wells in the basin have encountered

the lower conglomerates. A north-south gravimetric survey profile across

the area, along Wilmot Road, has clearly shom that a basement fault of

several thousand feet does exist in this area with a downthrown block

to the south (Sumner, J. S., personal communication). A large scale

downthrown block to the north was not detected by the gravimetric survey,

which leads one to believe that the horst is bounded by a large normal

fault to the south and by a smaller normal fualt to the north. Most
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wells in the area are too shallow to provide the information necessary

to delineate this belt.

II' this structural belt were present since middle Tertiary time,

the reentrant between the Rincon and Santa Catalina Mountains may be an

expression of the structurally weak zone. From Pusch Ridge to Tanque

Verde Ridge, an ancestral mountain front closely paralleling the Thcson

Mountain eastern front may have existed in middle Tertiary time, and only

these ridges now remain as evidence. The line between these ridges also

separates the basin type sediments from the indurated, tilted, and faulted

sediments of Pliocene Age which crop out in this area as the partially

exposed pediment.

Preliminary gravirnetric surveys in this area have indicated that

across part of this mountain reentrant, a dike or similar dense rock

exists (Fenzel, F. \T., personal communication), which may be evidence

of an ancestral mountain front weak zone for intrusives or subsequent

faulting of basin sediments. No surface evidence to substantiate this

has been found, however groundwater contours in this area definitely

indicate an impermeable subsurface barrier (Plate No. 111-A). Ground-

water contours southwest of this feature show the dewatering of basin

sediments, whereas northeast of the barrier no noticeable displacement

of the contours has taken place in the last twenty years. The barrier

appears to have been developed subsequent to Rillito bed deposition. It

was then intersected by the northeast-southwest structural development

which left only the small remnant now present which is "blocking" the

subsurface water flow from the mountain reentrant area to the basinal

area. Groundwater contours indicate that the barrier rises to an

approximate elevation of +2Ll70 feet.
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It is interesting to note that within the northeast-southwest

structural belts and possibly related to this trend, Tertiary (Pantano ?)

conglomerate beds and Cretaceous limestones are found as outliers on the

Catalina gneiss near Redington Pass. Also notable is the anomalously

high fluorine content of the groundwater near the mountain front, where

outcrops of sands and conglomerates (Pantano 1) are present (Figure No.

2). High fluorine content is characteristic of the deep sedunents

found in the basin. Detailed structural work across this area may show

the relationships of these features.



REGIONAL ffYDROLOGY

A cursory examination of the groundwater map of the Tucson

Basin shows that groundwater moves from the south through the Continental

narrows, spreading out across the broad Tucson Basin and leaving to the

northwest through the narrows at Jaynes. Some groundwater enters the

basin from the west near Black Mountain and from the east along Rincon

and Cienega Creeks, south of the Rincon Mountains. Runoff from precip-

itation on the surrounding mountains contributes some natural recharge

to the basin. The heavy thunderstorm activity of the summer months

provides almost one-half of the annual precipitation on the basin;

however, most of this sunnier rainfall is lost by evaporation before

reaching effective recharge areas.

The regional northwest-southeast groundwater gradient across

the basin proper in the early 1900's was uniformly twenty to twenty-

five feet per mile (Smith, 1910). Today, gradients in the basin are

locally from ten feet per mile to more than seventy feet per mile.

This thesis correlates the structure and lithology with some of these

extreme variations in the gradient.

Groundwater System in Natural Environnent

Water Table Aquifer

In 1908 G. E. P. Smith constructed the first water table map

in the Tucson Basin. Because of the limited well control at that time,

the map area was restricted to only the northwestern portion of the

12
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basin. Even though extrapolation between points was necessary in many

areas, due to lack of control, this first map is important to the under-

standing of the groundwater movement in the natural environment before

man's intervention with the system.

Notes of travelers and settlers in the early 1900's in the Tucson

area indicate that groundwater often was encountered at less than a

twenty foot depth in and near the Santa Cruz River and Rillito Creek,

and frequently intersected the surface during the spring months after

winter recharge essentially filled the upper sediments to capacity. The

Santa Cruz River near Tucson was often observed and described as a flow-

ing stresm. Lush stands of riparian phreatophytes were reported along

most drainages. The water demand by this vegetation was the major draft

on the groundwater supply in these early days. However, their demand

on the groundwater during the summer months of growing did not exceed

the winter and spring recharge. An annual state of equilibrium resulted,

where transpiration discharge of groundwater by phreatophytes was general-

ly equalled and offset by the natural recharge. Under these conditions,

the groundwater contour pattern of the 1908 water table map was relative-

ly smooth and uniform. No permeability variations in the basin-fill

sediments were indicated on this first map. Sparce well control and very

small withdrawals of groundwater by man precluded the detection of any

permeability variations. These variations were not recognized until

man interrupted the equilibrium of the natural environment by an over-

draft of the groundwater. The incongruent and irregular nature of the

1964 water table contours contrasts sharply with the smooth and uniform

water table contours of 1908 and 1947 (Plate 111.-C).
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The quality of groundwater in the water table aquifer is regarded

as good and is generally untreated for municipal use. It is character-

istically high in hardness.

Estimates of natural recharge to the water table aquifer can be

made from precipitation data versus runoff-evaporation data or from channel

infiltration rates of surface water to the groundwater. Schwalen and Shaw

(1961) used a five year period, 1956-1961, to deteniiine recharge to the

basin by calculating the volume of water dthdrawn and the volume of

sediments dewatered, assuming a certain percentage of the total water that

these sediments would release as the water table was lowered. Their

estimates of natural recharge to the basin-fill sediments for the five

year period were about 50,000 acre feet per year, which is similar to

values calculated from rainfall, evaporation, and infiltration data.

Because of the observed losses of surface water flow and the time of

wetted channel in the Rillito Creek, it is expected that this area re-

ceives much of the natural recharge to the basin during late winter and

early spring months. Some sporadic surface flow in the Santa Cruz River

accounts for additional recharge.

Artesian Aquifer

The deep wells of Tucson Gas and Electric Ciipany in Sections

2 and 3, T15S, R1LE have contributed valuable information to the evalu-

ation of the hydrodynamics of the Tucson Basin. The thick sequence of

clays and silts from 500 to 1800 feet acts as a confining layer to the

upward movement of water from underlying sands and conglomerates (Pan-

tano 7). The water encountered in these lower clastics rises in the
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wells to an elevation very near that of the groundwater table, indicating

that artesian conditions exist in this lower aquifer. The piezometric

surface, i.e. the elevation to which the confined water will rise when

released, is approxiinately 1600 feet above the top of the sands and con-

gl caie rates.

Subsequent to the drilling of these deep wells, a change in the

chemical and theniia]. characteristics of the water from the shallow wells

of the area has indicated an apparent upward migration of the deep arte-

sian water, probably around the well casings. High temperature, high

fluorine content and low values of hardness, characteristic of the

artesian water, are now noted in the shallow wells of the area. If this

difference in hydrostatic head between the two aquifers exists through-

out the basin, then continual lowering of the groundwater table in other

areas will cause an increased differential in hydrostatic pressure and

a net migration upward of the less desirable artesian water. Irreparable

damage to the groundwater quality of the water table aquifer could result.

Current studies of the groundwater chemistry of the basin will more clear-

ly outline the magnitude of this potential problem.

The area and amount of natural recharge to the artesian aquifer

are unknown, because of tenuous correlations with surface units.

Groundwater S stem Res onse to Man's Intervention

Aquifer Response to Pumping

As Tucson has expanded areally, the well development program has

likewise expanded and therefore the pumping center, or middle of the

pumped area, has migrated. Because of the heterogeneous nature of the
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saturated basin-fill sediments, some areas have not yielded water as

read-fly as others. This is evidenced by the differential decline of

the water table across the basin, even when unequal rates of pumping

are considered.

Fine grained rocks, i.e. clays and silts, although very porous,

do not readily release water from the interstices. Because of the large

amount of sediment particle surface area in contact with water in a fine

grained rock, the forces due to molecular attraction that are resisting

fluid migration are much greater than the opposing force of gravity,

which is attempting to move the water into the cone of depression devel-

oped by the pumping well. Conversely, the coarse grained rocks, i.e.

sands and gravels, having supercapillary openings and less surface area

in contact with the water, will readily release water to a well by gravi-

ty drainage. Therefore, as the cone of depression is being developed,

a saturated rock type will release, in a reasonable amount of pumping

time, a certain amount of the total water from the pores. The volume

released water, expressed as a percentage of the total volume of the

rock, is c11ed the specific yield, and that percentage of the rock

volume that is retained water is called the ecific retention (Todd,

1960, p. 2-). However, the specific yield or retention by a rock type

is primarily important only in the drawdown and dewatered zone of a

water table aquifer. More important to the production of water in a

well is the ability of the rock to transmit water, called the permea-

bility, expressed as the volume of water that is transmitted through a

given distance of porous media in a unit of time under a given pressure
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gradient, is also dependent on the relative sediment size and the

attendant resisting forces of molecular attraction between the porous

media and fluid. with less surface area of water contact, coarse

grained sediments have a sinsil resisting force for migrating fluids,

while fine grained sediments with large surface area have a large

resisting force. Permeability values alone do not describe the over-

all characteristics of an aquifer. The saturated thickness of the

aquifer is important in the water production of a well. A well com-

pletion generally includes casing with openings for water intake from

the entire thickness of saturated sediments. Therefore, a more useful

term to describe the aquifer as a whole is the coefficient of transmiss-

ibility, which is the coefficient of permeability times the saturated

aquifer thickness. The coefficient of transmissibility is defined as

the volume of water flowing through an aquifer of unit width and satu-

rated thickness, in a unit of time and under a given hydraulic gradient.

To show the geographic distribution of the transmissibility of

an aquifer, isospecific capacity maps can be made. The specific capac-

ity of a well is the ratio of the volume of water produced in a given

time to the amount of drawdown due to pumping in that well; this is

generally expressed as gallons per minute per foot of drawdown. It

can be seen that this ratio can also be interpreted as the gallons of

water per minute necessary to be produced to cause a one foot lowering

of the water table. The coefficient of transmissibility (gallons/day/

foot) can be shown by fundamental equations of well performance to be

approximately equal to 2000 times the specific capacity (gallons/minute/

foot of drawdown) if certain well and aquifer characteristics are
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assumed. Even though these assumed conditions seldom exist for wells

in the heterogeneous basin-fill sediments, isospecific capacity maps are

valuable in showing the areal distribution of the relative transmissi-

bility values of the aquifer.

Since the specific capacity is dependent on the transmissibility

and permeability, and therefore on the sediment size, it can again be

noted that coarse grained sediments, readily yielding and transmitting

water, will have smal.1 drawdowns with large production, and thus large

values of specific capacity. Conversely, fine grained sediments are

characterized by small specific capacity values.

In the heterogeneous sediments of the Tucson Basin, a well of

several hundred feet is generally receiving water from a variety of

sediment sizes and thus the specific capacity and transmissibility are

actui1y measures of the average values of the aquifer. The transmiss-

ibility approximation, specific capacity times 2000, if used cautiously

to determine values for the inhomogeneous basin-fill sediments, gives

a transmissibility range of less than 20,000 g11ons per day per foot

to more than 150,000 gallons per day per foot.

The isospecific capacity map (Plate 111-B) of the Tucson area

shows well defined areas of large and small values. Large values are

generally found along the Santa Cruz River. Within the north-central

area of study a definite northwest-southeast trend of large specific

capacity values is present. Extending to the south from this trend

is an area of relatively large values bounded on the east and west by

areas of small values. The southern extent of these areas is poorly

defined because of sparce well control.
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The completion technique in well construction is very important

in detennining the specific capacity of a well. Care must be taken, upon

completion, to clean the well of any fine material that may tend to clog

the well casing openings. The less fine material there is to clog the

openings, the better passage of water and the less drawdown the well will

experience. Because of the dependence on proper well completions, one

specific capacity value is not always a valid representation of the areal

values. Therefore, a single small value found within an area of large

values was generally not used on the map and was considered to be due

to poor well completion or subsequent plugging of the casing openings.

The values used in constructing the isospecific capacity map

were obtained from the pump tests of the city wells during the fall and

winter months, 1964-1965 (Figure No. 3).

Overdraft and Dewatering

Before World War II, when Tucson's population was less than

50,000, the combined industry, irrigation and municipal demand for water

did not exceed the natural recharge to the basin. The changes in the

water table and the dewatering of the sediments were local and of very

small magnitude. Local withdrawals of groundwater were annually renewed

by the natural recharge, and thus safe yield conditions existed (Todd,

1960, p. 201). Since World War II, however, the population increase of

Tucson has resulted in an ever increasing demand for water, all of which

has been taken from the basin groundwater reservoir of unknown size and

water quality. The rate of groundwater overdraft is currently exceed-

ing the safe yield and natural recharge by a factor of 3 or 4. This
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necessarily has resulted in the dewatering of large areas of the basin-

fill sediments.

A dewatered sediments map from 1908-1964 was constructed but

found to be unsatisfactory because of poor well control over part of the

1908 area. Areas of recharge or increased saturated thickness were

indicated in Sections 31 to 36, T14S, R14E, where recharge would be

least expected. Therefore the more reliable 1947 water table map was

employed as the reference map for this study. The maximum water table

lowering from 1908 to 1947, approximately 20 feet, occurred northwest

of the City of Thcson where irrigation demands were highest.

The 1947-1964 dewatering has been found to be the composite

result of four factors: the location ol' pumping well density, the

capacity of each pumping well or well field, the lithology of the

sediments yielding water, and any permeable or impermeable boundaries

that exist in the basin.

The general shape of the dewatered zone (Plate 111-C) indicates

a slight eastward trend which is attributed to the expansion of the

city in that direction. However, the large area of more than sixty

feet of dewatering in the southeastern part of Tucson is due, not only

to city expansion, but primarily to a large deposit of fine grained

alluvial material with poor aquifer characteristics. Some wells in

this area have experienced more than seven feet per year of water table

lowering with average pumping rates, whereas the normal average decline

for the basin in recent years has been two to five feet of lowering

per year.
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In Sections 3U and 35, T14s, R1LlE, and Sections 2 and 3, T15S,

R1kE, the Tucson Gas and Electric Company's high water production rates

have caused a considerable area of' dewatering which has coalesced with

the area of dewatering of the fine grained sediments mentioned above to

give the large area of maximum dewatering.

The dewatering in northeastern Tucson, already in excess of 50

feet, may be expected to continue in the future; the impermeable sub-

surface boundary, discussed in the section on Structure, appears to be

exerting considerable influence on the pumping in this area. Dewatering

in excess of ten feet has been experienced from the 1963_1961+ pumping

southwest of this boundary. The annual recharge from the Rillito Creek,

acting as a periodic positive boundary, undoubtedly lessens the negative

boundary effect of the impermeable barrier.

Most of the dewatering along the Santa Cruz River can be attri-

buted to the high production and large capacity wells in that area.

Pump capacities in this area are generally triple the capacity of' wells

within the city.

Superimposed over the isopachs of' dewatered sediments are certain

water table contours of 1947 and 1964 (Plate 111-C) to show the lateral

displacement of these contours. As indicated and expected, there is a

definite correlation between displacement and the dewatering.



SYNTHBSIS OF WELL LOG DkTA

Methodology

Fluviatile deposits, such as those comprising most of the basin-

fill sediments of the Tucson Basin, are difficult to map and correlate

laterally even when they are closely exposed in outcrops. 1Jhen several

hundred feet of these sediments are examined as well cuttings from water

wells, it is even more difficult to correlate them; therefore detailed

cross-sections and fence diagrams must be very interpretative. In order

to synthesize the well log data into useful information for lithologic

studies, a systematic method of plotting these data must be devised and

some consistent feature in sedimentation must be recognized which can be

traced laterally and vertically.

Of the hundreds of water wells drilled in the Tucson Basin, many

are too generally described as to sample cuttings to be useful in inter-

preting the subsurface lithology. As no other logging procedures are

usually employed, those sample log descriptions which appear to be in

sufficient detail must be sought out and used.

Maddox (1960) analyzed and synthesized the well sample informa-

tion by a numerical designation of each type of lithologic combination

and induration. He used all available wells in his area of study,

giving each unit in the well a numerical description. His final con-

clusions and interpretations of the subsurface structure and strati-

graphy were based on the correlation o± numerical designations of the

22
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various lithologic units.

Streitz (1962) used a mechanical separation analysis of samples

from selected wells. He also combined well descriptions of similar

lithologies in local areas to arrive at a composite log which he then

employed in a fence diagram. His conclusions as to the lithology and

structure are informative but limited in areal extent.

The author, in attempting to synthesize the well information of

a much larger area than either Maddox or Streitz included, found that

neither of their approaches was entirely satisfactory, but, taking ideas

from both, the author combined the elevation of each well with the well

log description to develop a slightly different technique.

Using the method illustrated in Figure No. Lj, 167 well log

descriptions from the drillers' logs were plotted on log strips. The

wells used in the study are shori in Figure No. 3. In some areas of

good well control the deepest, most descriptive well log was used. In

other areas sparce well control did not allow a choice of logs. Well

elevations were taken from the drillers' report or from a topographic

map, and the even one hundred foot elevations were then entered on the

log. For each well and for four different contiguous intervals, a gravel

(conglanerate), sand, or clay designation was determined from the log

plot and. entered on a distribution map. Seven different lithologies or

combinations were recorded on the maps: clay; sand; gravel; clay and

gravel; clay and sand; sand and gravel; and sand, clay and gravel.

Since relative sediment size was of primary importance, conglomerates

were logged as gravels and any information concerning the cementation or

induration was recorded on the logs for reference. Because of the use
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drillers' descriptions of' sediments, relative clastic grain sizes, rather

than actual determined particle sizes, are necessarily implied in the

use of' these terms in this study. Plate No. II shows the distributions

found by using this method of synthesis for the lithologic data from the

2100 to 2500 foot elevation intervals.

The author does not necessarily imply that for any one hundred

foot interval all sediments within the study area were deposited contem-

poraneously or are correlative. However, if any lithologic distributions

are indicated, then this method of' locating them has served a purpose.

Initially, the well elevations were not considered and one

hundred foot depths were taken as intervals of analysis. This proved

to be unsatisfactory because of' surface elevation changes.

From the distribution maps, a composite panel diagram was con-

structed (Plate III-D) which shows the vertical and lateral lithologic

distributions of the four hundred feet of dewatered or water-bearing

sediments which are most important in the present Icson water supply.

Resulting Geological Interpretation

In this study, it was not anticipated that the numerous sample

logs of heterogeneous basin-fill sediments would show as much vertical

consistency as the distribution diagrams indicate for the 1400 foot

interval examined. However, the results of' the study (Plates II and

III-D) indicate that most of the upper basin-fill sediments have been

deposited in consistent, fairly well defined, lithologic environments.

Thus the "heterogeneity" of the sediments that is demonstrated in any

one well does not appear to be as evident when the areal distribution
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of the predominant lithologic units is noted across the basin.

The distribution maps show, as expected, coarser material ad-

jacent to the source areas. This is particularly apparent in the north-

eastern part ol' the area, where the Santa Catalina and Rincon Mountains

bound the basin. However, in the basin where well development and water

thdrawal have taken place, old stream channels, flood plains, and lake

beds that previously have not been clearly defined are interpreted from

the distribution diagrams.

The Santa Cruz River channel appears to have been confined to

its present location during much of the basin-fill deposition, and to

have deposited fine gravels, sands, and occasional silts and clays.

Nonnally these sediments are coarse and well enough sorted to allow good

well completions. Saiie coarse material, of igneous volcanic origin, is

commonly found to the west side of the Santa Cruz River, undoubtedly

derived from the Sierrita and Tucson Mountain areas.

Along the east side of' the basin, coarse material is predominant.

Channel deposits along the present Pantano and Rillito Creeks appear to

have been common throughout most of the time of basin-fill deposition.

In the vicinity of the confluence of the Pantano and Rillito Creeks and

slightly basinward, the area of' highest specific capacity, relatively

clean sands and gravels are present, probably due to through-flowing

streams which winnowed the fine material from the coarse channel fill.

0±' particular interest is the distribution of sediments toward

the center of the area of study. In this area prominent fine grained

facies are encountered in the southwest of T1LlS, R15E, which is the area

of excessive dewatering and low specific capacities. Adjacent to this
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area on the west is a zone of relatively coarse material which grades

into the coarse clean material to the north. High specific capacity

values are found to correlate with this facies distribution. This is

interpreted as an old stream channel entering probably from the south-

southeast. To the west of this channel, where well control is sparce,

another larger area of fine grained sediments is present. These fine

grained units may be a flood plain deposit of either this central chan-.

nel or the ancestral Santa Cruz River.

The northeast-southwest structural trend across the basin, as

described in the section on Structure, does not appear to have been a

major control on the depositional environments of this stream channel

and adjacent flood plains. It would therefore appear that the postu-

lated horst block was actively displaced in late Pliocene time and

largely eroded by the time of the basin-fill deposition.



CORRATION OF THE GEOLOGY AND HYDROLOGY

OF WATER TABLE AQUIFER SEDIMENTS

The ultimate purpose of the synthesis of the well data and

analysis of the lithology is to determine the relationships between

the hydrodynmnics and the geologic controls in the basin.

The facies distribution maps were overlaid with the isospecific

capacity map and the dewatered sediment and lateral displacement map.

The irregularities and anomalies in the water table contours were

interpreted and related to probable causes (Plate ill-c).

As previously stated, dewatering in the Tucson Basin was found

to be due to well density and capacity, lithologic controls and permea-

bility boundaries. However, it is difficult to determine the exact

mnount of dewatering in any one area which is attributable to each

factor. From analyzing the lithologic and permeability controls and

the pumping history of the city's expansion, a relative value of dewater-

ing due to each factor may be estimated.

It should be pointed out that as the City of Tucson has grovm,

the municipal water demands have been met by increasing the number of

wells in the area and also extending the area of pumping. The result

of this has naturally led to the increased drawdown in the area as each

well's racl±us of influence reaches that of other wells. Because of this

resultant drawdown and dewatering of the aquifer, a decreased saturated

thickness (and transmissibility) has caused a decline of production in

29



30

many wells. It is expected therefore that production from any one well

should decline as the water table is continu11y lowered.

In the northwestern portion of the area, appreciable dewatering

and resultant displacement has been due to the large water demand for

irrigation and the narrow extent of the aquifer at this point in the

basin. The 2300 foot contours (1947 and 1964) begin to show the muni-

cipal location and demand for water. Contributing to this displacement

are the fine grained. sediments extending into this area (Plate li-c).

The 2400 foot contours (1947 and 1964) demonstrate the zones of

maximum displacement and dewatering across the basin. In the north-

eastern part of the basin, in an area of relatively clean coarse basin-

fill sediments, well density is high and water withdrawal has been large.

As more water is removed from these sediments, the impeieable (negative)

boundary which is present in the subsurface will be exerting more influ-

ence on the dewatering. In the southeastern portion of the city, de-

watering has been controlled primarily by the presence of the fine

grained sediments. Increased pumping in recent years has intensified

this problem. The excessive water demand by the Tucson Gas and Electiic

Caupany operations south of Tucson is responsible for the dewatering in

this area. Lack of displacement of the 2400 foot contour west of the

Tucson Gas and Electric Company wells can be attributed to the sparce

population and well development. Paong the Santa Cruz River large dis-

placements are caused by the high capacity wells of that area.

The 2500 foot contours (1947 and 1964) begin to suggest a basin

constriction and a radius of influence of the city's pumping. This
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area shows prominently on the 196L water table map, where a close spacing

of contours is evident (Plate 111-A). The radius of influence of the

city's pumping does not appear to be the entire cause. Several explana-

tions of this anomaly have been suggested and one or more may be present.

It has been suggested that beginning along this semi-circular pattern

of contours and extending outward across the basin, a low permeability

or fine grained bed is present within the alluvium and the resulting

water table lowering across this bed has caused the close spacing of the

contours. From drillers' logs this fine grained bed has not been pre-

cisely defined. The almost stationary nature of these close contours

for a number of years does not substantiate either the radius of influ-

ence of pumping or the fine grained bed explanations. Also postulated

as a cause of this contour pattern is the possibility of a zone of re-

stricted flow. This zone would be coincident with and may be caused by

the horst block described under Structure and shown on Plate I, cross-

section A-A' If the more permeable alluvial beds were deposited across

a slightly higher, less permeable rock (Pliocene clays and silts), then

as dewatering to the north of this block takes place, the net inflow of

groundwater from the south across to the vertically restricted zone would

result in a velocity and gradient increase if the lateral permeability

remains constant. This would be similar to the increased velocity of

surface flow over a submerged object. The lithologic distribution dia-

grams do not indicate any sedimentation controls that would cause this

water table contour pattern.

In the northeastern portion of the basin, the water table con-

tours show a close spacing that has intensified since 1 97, but has not

moved laterally. It is believed that this is due to the impermeable
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(dike or fault) feature indicated by the gravimetric survey mentioned

under Structure. Because the 24-7O foot contour in this area appears to

be the lowest contour unaffected by the dewatering in the basin, the

impermeable feature probably rises to this elevation. No wells have

been drilled in the exact location of this barrier, however some of the

surrounding wells have reported encountering granitic type rock at

shallow depths. As there are no city wells with pump tests northeast of

this feature, it is difficult to predict the areal yield and transinissi-

bility of the sediments. Privately owned wells in the areas of these

sediments are generally of low capacity.

The lithologic distribution diagram shows a high correlation

with the isospecific capacity map which was discussed in an earlier

section. High specific capacity values can be seen to coincide with

the coarse, generally clean, facies, while the finer grained facies

are correlative with the lower specific capacity values. The channel-

ing in the central portion of the area, interpreted from the distribu-

tion diagram, is borne out by the specific capacity correlation and

configuration. The extension of this channel to the south by additional

drilling should outline a belt of relatively good water production.

A program of recompleting wells by gravel packing and/or deepen-

ing is currently being carried out by the City of Tucson Water Depart-

ment. Preliminary indications are that, in areas of coarse grained

sediments, the gravel packing or deepening of a well has been successful

in increasing the production and specific capacity. In the areas of

fine grained sediments, recompletion attempts have generally resulted

in insignificant changes in the production and specific capacity.
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Though it has been easy to discuss the basin sediment distribu-

tion of the geologic past and correlate this with areas of known good

or poor production, it is hoped that this study may indicate areas of

future water development or well deepening where good results may be

expected and those areas where future development should be approached

with caution.



CONCLUSIONS

Certain lithologic and structural controls of the Thcson Basin

combined with man's intervention have caused the water table of the area

to decline in the last twenty years in a somewhat unpredictable manner.

A recognition of these natural and man made controls on the system is

necessary to explain the anomalous water table response.

In heterogeneous sediments of the type found in the Tucson Basin,

the methodology used in this study has been successful in detennining

the areas of large scale lithologic variations. It is believed that

direct correlation of well logs from well to well is often too laborious

and too interpretive to be of practical value in a study of this type.

The lithologic distributions of the sediments of the water table

aquifer from the selected interval, +2100 - 2OO feet, show definite

areas of coarse, fine, and mixed sediments. The overall distribution of

this LIOO foot interval reveals an unexpected vertical consistency which

indicates that a definite drainage pattern, instead of a continually

shifting undefined pattern, existed throughout much of the time of basin-

fill sedimentation.

The exceptionally good correlations of the dewatered and iso-

specific capacity zones with the lithologic distributions demonstrate

that in a basin-fill deposition of this type, a careful study of the

sediment size distribution could outline areas of relative groundwater

yields.

3L.
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If artificial recharge in the Thcson Basin is undertaken on a

large scale, those areas of coarse, clean sediments, outlined in this

study, should be selected as the receiving areas. It is especially

advantageous that the natural areas of recharge to the basin, the Santa

Cruz River and Rillito Creek, are regions of basin-fill sediments of

good permeabiities. Detention of rainfall runoff in either of these

areas should be effective in increasing the natural recharge to the

basin.

The population and water demands of the Tucson area are expected

to increase remarkably in future years. To provide a sufficient supply

for the future water demand, continual successful exploration for and

development of the groundwater reserves is a necessity. Perhaps a

formu.lative approach, of the tipe used in this study to determine the

controlling factors--geologic, hydrologic, and man made-- would assist

in the exploration for extended groundwater reserves.



BIBLIOGRAPHY

Blissenbach, B. B. K. (1957). "The Geology of Alluvial Fans in Arizona."
Master's thesis, University of Arizona.

Brennan, D. J. (1957). "Geological Reconnaissance of Cienega Gap, Pima
County, Arizona." Ph. D. dissertation, University of Arizona.

Bryan, Kirk (1 925), "Date of Channel Trenching (Arroyo Cutting) in the
Arid Southwest." Science, vol. 62 (Oct. 16, 1925).

Cooley, M. B. and B. S. Davidson (1963). "The Mogoflon Highlands--
Their Influence on Mesozoic and Cenozoic Erosion and Sedimenta-
tion." Arizona Geological Society Digest, vol. VI, 7-36.

Coulson, 0. B. (1950). "Geology of the Sweetwater Drive Area and Corre-
lations of Santa Cruz Valley Gravels." Master's thesis, Uni-
versity of Arizona.

Damon, Paul B. and M. Bikerman (196L). Contribution No. 1O, University
of Arizona Geochronology Laboratories.

Fenneman, N. N. (1931). Physiography of the western United States.
New York: McGraw-Hill Book Co., Inc.

Heincil, L. D. (1959). "Geology of the San Xavier Indian Reservation,
Arizona." Southern Arizona Guidebook II. Arizona Geological
Society, 153-159.

Kidwai, G. B. (1957). "The Relationship of Groundwater to Alluvium in
the Tucson Area, Arizona." Master's thesis, University of
Arizona.

Maddox, G. B. (1960). "Subsurface Geology Along Northwest Rihito Creek."
Master's thesis, University of Arizona.

Moore, L. N., C. F. Tolman, B. S. Butler, and R. N. Hernon (191).
"Geology of the Tucson Quadrangle." U. S. Geological Survey

open-file report. (On file at the U. S. Geological Survey

office, Tucson, Arizona.)

Schwalen, H. C. and R. J. Shaw (1957). 'Groundwater Supplies of the

Santa Cruz Valley of Southern Arizona between Ri11ito Station
and the International Boundary." University of Arizona Agri-

cultural Experimental Station Bulletin 288.

36



37

Schwalen, H. C. and R. J. Shaw (1961). 'Progress Report on Study o±
Water in the Santa Cruz Valley, Arizona." University of Ari-
zona Agricultural Experimental Station Report 205.

Smith, G. E. P. (1910). "Groundwater Supply and Irrigation in the
Rihito Valley." University of Arizona Agricultural Experi-
mental Station Bulletin 6Li.

(1938). "The Physiography of Arizona Valleys and the Occur-
rence of Ground Water." University of Arizona Agricultural
Experimental Station Bulletin 77.

Streitz, R. K. (1962). "Subsurface Stratigraphy and Hydrology of the
Rihito Creek-Tanque Verde Wash Area, Tucson, Arizona."
Master's thesis, University of Arizona.

Todd, David K. (1960). Ground Water Hydrology. New York: John Wiley
& Sons, Inc.

Turner, S. F., and others (19Li3). "Groundwater Resources of the Santa
Cruz Basin, Arizona." U. S. Geological Survey open-file report.

Voelger, K. (1953). "Cenozoic Deposits in the Southern Foothills of
the Santa Catalina Mountains near Tucson, Arizona." Master's
thesis, University of Arizona.

Rillito Creek Hydrologic Research Committee of the University of Arizona
and U. S. Geological Survey (1959). "Capturing Additional Water
in the Tucson Area." (A report for administrative use only.)



FEET

+2500-

+2000

+1500

+(000 -

+500 -

0-

- 500-

B

LOCATION MP

U

PLIOCENE

LAKE BED DEPOSITS

(CLAY, SILT, & GYPSUM)

?

FEET

+2500 -

INFERRED HORST BLOCK OF

NE-SW STRUCTURAL TREND

A

PLATE I. HYDROGEOLOGIC SECTIONS OF THE

TUCSON BASIN A-A' & B-B'

wfLTLL J--- - - - - -
PLEISTOCENE

BASIN-FILL SEDIMENTS

(GRAVEL, SAND CLAY)

BASEUENT FAULT

INTERPRETED FROM

GRAVIMETRIC DATA

WMETA LE 1964

PLEISTOCENE

PANT.ANO?
(CONGLOMERATE, SAND & CLAY)

5

WJGANUS 6-65

A'
FEET

- +2500

\

S4N4

,

\ '---'/ _z,)-o
\

4 BN xl /:L 4 ---,,,,-,,,

c:J N_-'\
. .çSUBSURFAE-

C-' \ TUCSON \ \ iMPE ABLE

(/ \ \\

-,--- \
I <

- I \ -,---\
' -__r__1

?Uj:

:
\

I \\ /

N

. SCALE

B' -

MILES

+ 2000-

+1500 -

+ 1000-

-4 500

BASIN-FILL SEDIMENTS
(GRAVEL, SAND & CLAY)

- ? 7- /
INTRUSIVE AND/OR

FAULTING INTER-

PRETED FROM

GRAVIMETRIC

DATA

1% MILES

-+ 2000

-+150 0

-+ 000

-+5003

'I PLIOCENE"

LAKE BED DEPOS!TS
(CLAY, SILT & GYPSUM)

3112 31/4

EXPLANATION

LITHOLOGIC SYMBOLS

GRAVEL
(CONGLOMERATE)

SAND

CLAY

GYPSUM I /c I

CALICHE

2 3 '2 2 I I I'4 4 '2

-+ 500

0

--500

MILES

FEET

+2500

-N 2000

+ 500

-+ 1000



T
3
S

T
4
S

' :

RI3E

\'
<

00

RI3E

C

C

0

RI4E

C

RI5E

INTERVAL +2400-2500

'
i INTERVAL +2200-2300

0

T

S

RI3E RI4E I RI5E

RI3E

U

C)

0

U

U

0

RI4E

PLATE U. MAPS SHOWING THE LITHOLOGIC DISTRIBUTIONS OF THE TUCSON

BASIN WATER TABLE AQUIFER SEDIMENTS, +2100 to 2500

C)

C)

RISE

B
INTERVAL +2300-2400

INTERVAL +2100-2200
D

wJ GANtJS 6-65

C)

0

C,

0

U

0

0

C)

C)

T
'4
S

C

T
'5
S

e

I
'5
S 0

0 0

E X P L A N AT I 0 N

2300'T WATER TABLE CONTOUR, 964

_,_,00q__s TOPOGR9PHIC CONTOUR

MAP SYMBOLS FOR LITHOLOGY I
TAKEN FROM SAMPLE LOGS

GRAVEL 0
S8ND

CLAY

CALIC HE C

RRE9 OF PREOOMINAN)I.

FINE GRAINED SEDIMENTS

AREA OF PREDOMINANT
COARSE DRAINED SEDIMENTS

0
SCALE

MILES



T
14
S

T
5
S

T
3
S

T

'4
S

T
'5
S

I
13

S

R 13E

RI3E

DISPACNT E tO
1 > LARUE PWJ'XN)

RAT

LITh)W
2) W.L DEsIr!

+2300
( 19 64)

K fl

M140h OI3PCT
2c2 PC

1 ) 0LL SPARCITT

RI4E

R 4 E

\ 'N DISPLAC;T DUE' ) ) LAR3E CONCENTRATED
PUMPING RATES

DI3PLC3NT DUE TOi
I ) WL DENSTTT
2) rnsTs 0?

BOUNDARY

' --- DIS?1AC52RNY 206 ¶0*
-.---- 1 ) FINE DRAINED

- , - LI1ROWJY
2) WUNL D5

R l5

R 5 E

'N

'I

I

0
0

A. MAP OF WATER TABLE

CONTOURS 964

WATER TABLE CONTOUR

CONTOUR )NTERVAL 2OFT

MILES

C. MAP OF WATER TABLE
CONTOURS 947 6 964

and ISOPACHOUS MAP OF

DEWATERED SEDINItENTS

947 to 1964
WATER TASLE CONTOUR
DEWATERED ZONE THICKNESS

ISOPACH INTERVAL 10
SCALE ONE MILE

- 45300

40____

T

'3
S

T

'4
S

T
'5

S

T

'3
S

T
'4
S

T
'5

S

O __/

30

2o

a 40
30

I

)F ISOSPECIFIC
CACITIES 964-65

:IFIc CAPACITY (BU!LTRnft Id
C CAPACLTY LNTERVAL 10 FT

R I 3E RI4E I
RI

D.

5E

S CALE

MILES

COMPOSITE DIAGRAM OF
LITHOLOGIC DISTRIBUTIONS
OF WATER TABLE
AQUIFER SEDIMENTS
.-, WATER TABLE CONTOUR 196440O- Cl

SYMBOLS
CLAY
SAND C

GRAVEL -C:-:0I MILE

DNTOUR INTERVAL. SOFT

SCALES
FT

PtATE
CoP

w j GANUS 6-5

PLATE III MAPS SHOWING HYDROGEOLOGIC FEATURES OF THE WATER TABLE AQUIFER

OF THE TUCSON BASIN

E7f/
If
2

R I 3E RI4E R 15E

S CALE 2

B. MAP

C.AF

SPE

ISO SPECIF


