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ABSTRACT

The Sonoita Creek basin lies in a north trending

intermontane valley in southeastern Arizona. Mature dis-

sected mountains rise abruptly from long alluvial slopes

and culminate in peaks ranging from 1000 to 1300 feet

above the valley floor. The mountains surrounding the

alluvial sediments are of volcanic rocks of Miocene ? age,

and have been subjected to tectonic disturbance which

resulted in extensive faulting, folding, and the formation

of joint systems.

The alluvial sediments have been divided into five

units based on their stratigraphic position, structural

involvement, lithology, and permeability. The oldest unit

in the basin is unit No. 5 and the youngest is unit No. 1.

Groundwater supplies of the Sonoita Creek basin are devel-

oped largely from alluvial unit No. L, and minor supplies

from alluvial unit No0 1.

The groundwater originates as precipitation on the

mountain areas and on the floor of the valley. The average

rainfall on the valley floor is about 20 inches per year

while on the mountains it is more than 50 inches per year.

A minor part of the groundwater recharge is from the dis-

charge of Monkey spring into the northern part of the

viii
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basin. Groundwater is discharged from the Sonoita Creek

basin through evaporation, as effluent flow of about 7

cubic feet per second through Sonoita Creek, and by arti-

ficial discharge through pumping.

The perennial streamflow in Sonoita Creek near

Patagonia is due to the impervious volcanic rocks in the

subsurface, which crop out 500 feet south of the town,

forcing the groundwater to discharge at the surface.

Groundwater in the basin is generally of excel-

lent to good quality for irrigation use, and medium to

good for domestic purposes. The groundwater contains high

percentages of sulphate, calcium, and bicarbonates.



INTRODUCTION

Statement of the Problem

The source of the perennial stream flow, about 7

cubic feet per second, in Sonoita Creek below Patagonia,

has not been clearly understood. Upstream from Patagonia

there is only intermittent stream flow during the rainy

season. It is believed that the flow is due to abrupt

termination of the alluvial deposits which constitute the

groundwater reservoir. Chemical analysis of water from

wells in the Patagonia area indicates several different

sources of groundwater in the alluvial deposits. These

facts suggest there is a complex of geological features

which control and influence the flow dynamics and chemi-

cal quality of the groundwater.

Location

The Sonoita Creek basin is in Santa Cruz County

in southeastern Arizona (figure 1). Land surface alti-

tude ranges from L1L15O feet above sea level in the northern

part of the area to 4OO feet in the southern part. The

basin averages about 7 miles in length and 4 miles in

width, and has an area of about 30 square miles. The

regional gradient of Sonoita Creek basin is 57 feet per

1
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mile. The highland areas that form the drainage divides of

the basin are the Red, Kunde, Hugh, and Canelo Mountains to

the east; Santa Cruz Mountains to the west and northwest;

and Patagonia Mountains to the south.

Cl imat e

Climatological data for the basin area were obtained

from official records of the U. S. Weather Bureau. The

Sonoita Creek basin has a semi-arid climate similar to that

occurring at a comparable altitude in the other parts of

southern Arizona. Climatic conditions in the towTl of

Patagonia, with an altitude of L050 feet, are considered

representative of most of the basin. It has hot summers

and mild winters. The mean annual rainfall, for the basin,

is about 20 inches, of which 9 inches occur in the summer

months. April, May and June are the driest months; January,

}ebruary, August, and September are the wettest months.

The average total precipitation during the dry months is

about one inch. The maximum average temperature is l00°.

and the minimum average temperature is 17°F.

Previous Work

Schrader (l9l) conducted a geological reconnais-

sance on the mineral deposits of the Santa Rita and

Patagonia Mountains. This work included a detailed study

of the geology of the mountains. Feth (194-7) made studies
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of the geology of the Canelo Hills, and prepared a special

report in 1954, published by the U. S. Geological Survey,

on the geology and the groundwater of the Patagonia area.

Rohrbacher (1963) made studies of the geology of the

Temperal Gulch - Mansfield Canyon area in the west of the

Sonoita Creek basin. During 1959-1964, an unpublished

water supply consulting report on the hydrology of Patagonia

area was prepared by I-ialpenny, Green, and Dausinger.

Well Numbering System

Wells and test holes shown on the accompanying map

(Plate 1) are numbered according to the Federal system of

land subdivision. The land survey in Arizona is based on

the Gila and Salt River meridian and baseline, which divide

the state into four quadrants. These quadrants are desig-

nated counterclockwise by the capital letters A, B, C, and

D. All land north and east of the point of origin is in A

quadrant, that north and west is in B quadrant, that south

and west is in C quadrant, and that south and east is in D

quadrant. The number shows the location of the well or

test hole by township, range, section, and position within

the section as illustrated in Figure 2. The first numeral

of a well number indicates the township; the second, the

range; and the third, the section in which the well is

located. The lower case letters following the section
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number indicate the position of the well within the sec-

tion. Each successive letter denotes a quarter of the

previous subdivision, thus the first letter denotes the

quarter section, the second letter the quarter-quarter sec-

tion, and so forth.



GENERAL GEOLOGY

Stratigraphic Units and Water-Bearing Characteristics

The Sonoita Creek basin is underlain mainly by allu-

vium ranging from Tertiary to Recent age. The alluvial

deposits are surrounded on the south, west, and east by

volcanic rocks of Miocene ? age (Schrader 1915, pp. 71,
75). Volcanic rocks crop out on the border of the basin

and culminate in peaks rising from 1000 to 1300 feet above

the valley floor.

The alluvium which underlies the basin is divided

into five units according to their stratigraphic and topo-

graphic positions, lithology, and relative degrees of

p ermeability.

Alluvial unit No. 5 was deposited on the basement

rocks of the Sonoita Creek basin. The unit is composed of

erosion products of volcanic rocks from high hills. Follow-

ing partial erosion of unit No. 5, alluvial unit No. L. was

deposited. Alluvial unit No. L. crops out over most of the

basin. Partial erosion of alluvial unit No. 4, and tilt-

ing to the northwest of units No. 5 and 4 preceded the

deposition of unit No. 3. Unit No. 3 was stripped in much

of the area during periods of erosion that proceeded in

steps. Several terrace levels resulted and unit No. 2 is

7



the deposit covering the terrace levels0 The youngest

and lowest deposit was laid down in relative deep chan-

nels under the present stream flood plain and forms

alluvial unit No. 1.

There is an unconformity between the underlying vol-

canic rocks and the alluvium, and there are also several

local unconformities between each of the alluvial units.

The volcanic rocks generally are impermeable. The

alluvial units generally are permeable and their degree of

permeability depends on sorting, degree of cementation and

compaction, and shape and size of particles.

Volcanic rocks

The volcanic rocks in the area are predominantly

andesite and rhyolite, and are of Miocene ? age (Schrader

1915).

Andesit e

The andesite is dense dark grey volcanic rock

that crops out in the areas surrounding the basin except in

the north where the alluvium covers the bedrock, and in the

southeast where the rhyolite is exposed. Andesite has a

glassy groundmass, and is highly fractured in the outcrop

areas (Figure 3). The average exposed thickness of the

andesite in Sonoita Creek basin is approximately 500 feet.

Rhyolit e

The rhyolite is a light grey, massive,

siliceous rock. It is commonly highly weathered, and



Figure 3. Outcrops of the Andesite Volcanic
Rocks South of Patagonia
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stained reddish brown by iron oxide. Most of the exposures

of rhyolite occur in the southeastern part of the Sonoita

Creek basin. The approximate exposed thickness is 2000

feet. It is impregnated by a low percentage of pyrite and

chalcopyrite, and has a speckled appearance, as a result

of the oxidation of these minerals, to limonite and sul-

phuric acid (Schrader 1915, p. 75).

.Andesite and rhyolite generally are considered

poor water-bearing rocks because of their imperviousness,

but where they are weathered and fractured, as in the

eastern area of the Sonoita Creek basin, the rocks are

considered to be good to medium aquifers.

Alluvium

Alluvial unit No. 5

Alluvial unit No. 5 is a consolidated brownish-

red to brownish-grey conglomerate that crops out on the

edge of Red Mountain, southeast of the Sonoita Creek basin.

The alluvial unit No. 5 rests nonconformably on the vol-

canic rocks and is overlain in angular unconformity by

alluvial unit No. 2 (Figure 4.) where units No. 4. and 3 are

eroded. The beds have been tilted to a maximum of E°NW as

the result of extensive faulting. The faults displace unit

No. 5 and the volcanic rocks in the southeastern part of

the area

The rock fragments in alluvial unit No0 5 range in

size from coarse sand to pebbles, cobbles and boulders as



Figure 4. Outcrops and Contacts of Units No. 2
and No. 5 Along Harshaw Road

Figure 5. Outcrop of Alluvial Unit No. 5 Along
Harshaw Road

11
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much as two feet in disjneter (Folk, 1961). The pebbles,

cobbles, and boulders are similar to those cropping out in

Red Mountain (Figure 5). The constituent grains in this

unit are so firmly cemented that in some places the rock

breaks indiscriminately across cobbles and matrix.

The exposed thickness of the conglomerate is approx-

imately 100 feet. About L100 feet of this rock type were

penetrated in a well drilled in D22-16--5 acaa (Appendix 2

and Plate 3). Alluvial unit No. 5 has low to medium per-

meability principally due to the deposition of cementing

material in the void spaces of the rock which has reduced

the original high permeability of this formation. Ground-

water in alluvial unit No. 5 occurs primarily in fracture

and in the reduced pore space between grains.

Alluvial unit No. 4.

Alluvial unit No. L1 consists of unconsolidated

greyish-pink gravel which crops out in most of the Sonoita

Creek basin. The unit nonconformably overlies the vol-

canic rocks and is unconformably overlain by alluvial unit

No. 2 (}igure 6). It is generally tilted to the northwest.

A dip of 25° NW was measured on this unit west of Patagonia.

Alluvial unit No. 4. is a poorly cemented, moder-

ately sorted sandy gravel. A size analysis of a sample

collected from a road cut near Rail X ranch shows 4.0.3



Figure 6. Outcrops of Alluvial Units No. 2 and
No. 4, and Their Contact in the North
Near Rail X Ranch
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percent gravel, 56.46 percent sand, and 3.23 percent silt

and clay (Table 2).

The average exposed thickness of the alluvial unit

No. 4 is about 50 feet, but from the examination of

drillersT logs (Appendix 2) the average total thickness is

about 150 feet (Plate 3).

The precise age of this unit is not known but

Lance (1960, p. 156) reported the discovery of a fossil

tooth of a horse Neohipparion, in the cuttings from a well

near Sonoita. The tooth was found in alluvial unit No. 4

and is considered to be of Middle Pliocene age.

Alluvial unit No. 4 generally is the most per-

meable water-bearing unit in the Sonoita Creek basin, and

yields large volumes of water for irrigation and domestic

uses. Nearly all of the irrigation wells and many of the

domestic wells tap alluvial units No. 1 and No. 4. High

capacity wells obtain much of their water from unit No. 4,

but most of these wells also obtain small amounts of addi-

tional water from unit No. 1. The average depth of wells,

water levels, and discharges are listed in Table 1 and

located on the map (Plate 1).

Alluvial unit No. 3

Alluvial unit No. 3 is unconsolidated brown

gravel that crops out in the eastern side of the Sonoita
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Creek basin. This unit rests unconformably on alluvial

unit No. 4, and is unconformably overlain by alluvial unit

No. 2.

Alluvial unit No. 3 ranges in size from clay and

silt to pebbles and cobbles of one foot in diameter (Folk,

1961). The exposed thickness of this unit is about 100

feet.

Most of unit No. 3 lies above the zone of satura-

tion. Locally, the unit may contain small bodies of

perched water, but these are of little economic signifi-

cance for irrigation purposes.

Alluvial unit No. 2

Alluvial unit No. 2 is unconsolidated gravel

which forms the terraces on both sides of the Sonoita

Creek. It ranges from fine clay to pebbles, cobbles and

boulders up to two feet in diameter. The gravels are

largely locally derived, unstratified, weakly cemented,

and poorly sorted with a matrix of heterogeneous mixture

of silt, sand, and gravel. The estimated porosity is

about 30 percent.

A size analysis of a sample of alluvial unit No.

2, collected from a road cut in the northern part of the

area, shows 30.32 percent gravel, 6l.l percent sand; and

.97 percent silt and clay (Table 2).
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Alluvial unit No. 2 unconformably overlies unit

No. 4 (IEigure 7) and unit No. 3. The average exposed

thickness is about 60 feet, but according to the writerts

interpretation of drillersT logs, its maximum thickness is

about O feet. This unit is permeable but, unfortunately,

it is also above the zone of saturation in the outcrop

areas. The unit contains small bodies of perched water as

indicated in well D22-16-5 acaa.

Alluvial unit No. 1

The designation alluvial unit No. 1 is used

for the unconsolidated sand, silt, clay and gravel stream

deposit that directly underlies the flood plains of

Sonoita Creek and its tributaries. The outcrop of this

unit ranges in width from less than a quarter of a mile to

two miles, but averages less than a quarter of a mile.

The widest exposure is in the confluence area where Harshaw

Creek joins Sonoita Creek half a mile north of Patagonia.

Unit No. 1 unconformably overlies alluvial unit

No. 3 and is horizontally stratified, indicating that it

has not been affected by tilting. The average exposed

thickness of unit No. 1 is about 20 feet, but data from

drilleraT logs show the average thickness of the unit to

be about 0 feet. This unit is younger than unit No. 2,

but topographically lower. The Sonoita Creek basin has



Figure 7. Outcrop Showing the Detailed
Lithology of Units No. 2 and No. 4
and Their Contact in the North
Near Rail X Ranch
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gone through cycles of erosion as a result of changing the

base level of the creek. After the formation of the ter-

races from deep erosion of alluvial unit No. 2, deposition

of alluvial unit No. 1 was followed. The base level might

be changed as a result of climatic fluctuations or in

tilting of the sediments.

Alluvial unit No. 1 is unconsolidated poorly

sorted, fine to coarse grained, and weakly cemented. A

size analysis made on a sample collected from the creek

near Patagonia shows 7l.7L1. percent sand; 21.01 percent

silt and clay; and 7.27 percent gravel (Table 2).

Most exposures of unit No. 1 have medium per-

meability which is due to the presence of fine material

filling part of the pore spaces which helps in decreasing

the permeability. This unit ranks second to unit No. L

as an aquifer and constitutes a productive aquifer in the

basin. Most of the wells in Sonoita Creek basin have been

drilled into this unit but their discharges are not

sufficient for large irrigation projects. Some wells

which tap both alluvial units 1 and 4 yield sufficient

water for irrigation purposes.
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2

Structural Features

The Sonoita Creek basin and the surrounding areas

have been subjected to several periods of tectonic activity

during Tertiary and Quaternary ages. As a result of this

activity several systems of faults, folds and joints have

been created.

Folding

The area west of the Sonoita Creek basin has been

effected by intense folding (Rohrbacher, l963). The major

fold is trending northwest-southeast in the same direction

as the basin trend. Another fold was discussed by Feth

(l9L7) in his study of the north Canelo Hills. This fold

is also trending northwest-southeast. It seems that these

two major folds have played an important role in establish-

ing the trend of the Sonoita Creek basin.

ault ing

The Sonoita Creek basin is a tectonic basin of the

Basin and Range province. The alignment of the north-

westerly mountain and valley areas has resulted from major

movements along faults. The depth to which the rock floor

of the valley has been down-faulted in relation to the

volcanic mountains can be deduced from previous investi-

gations in areas adjacent to the basin, and from recent

drilling in the area. On the western side of the basin,
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Rohrbacher (1963, p. 62) indicated several faults trending

N20°W. These faults were dated as Pliocene-Eocene age.

Along the central part of the Sonoita Creek basin occur

northwest dipping volcanic dikes (Figure ) that might be

a result of pre-existing fault zones.

A water well (D22-16-Sacaa) penetrated 500 feet of

alluvial sediments and bottomed in volcanic rocks. The

volcanic strata are structurally more than 1000 feet lower

than matching beds in the adjacent mountains to the east,

so the rock floor of the Sonoita Creek basin has probably

been displaced downward at least 1000 feet.

Jointing

A general east-west trending joint system prevails

on the west side of the Sonoita Creek basin (Rohrbacher,

1963, p. 61).

Generally, structure plays an important role in

controlling groundwater movement and in changing the

degree of permeability of the rocks. Usually, the ground-

water movement follows the dip of the strata, especially

where the strata have moderate to low permeability, and

where cementation has caused a decrease in pore space in

the consolidated rocks. The presence of faults in certain

cases provides secondary permeability. The writer believes

that faulting in the alluvial units has been in part a



Figure . Exposure of the Volcanic Dike East
of Patagonia
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contribution toward the development of permeable zones,

and influences the yields of two wells in the Sonoita Creek

basin. Wells 5caccc and 5ccad penetrate units No. 1 and

No. L, and yield more than 1000 gpm. This yield is five

times more than that supplied by other wells in the

Sonoita Creek basin that tap the same alluvial units.



GENERAL HYDROLOGY

Occurrence of Groundwater

Groundwater may be defined as the water that is

available to wells or is discharged through streams or

springs. The ultimate source of most of groundwater is

from precipitation in the form of rain or snow. Part of

the precipitation runs off from the surface of the ground

directly into streams, and part is returned to the atmos-

phere by evapotranspiration and the remainder infiltrates

into the subsurface reservoir as potential recharge to the

aquifers.

Groundwater occurs under water table condition in

areas where water infiltrates downward through pore

spaces in the ground to the zone of saturation. The upper

surface of the zone of saturation is the water table.

Artesian confined conditions exist where the water-

bearing formation (aquifer) is overlain by a less permeable

formation (aquiclude) and the water in the aquifer is

under sufficient hydrostatic pressure to produce a water

level which will rise above the interface between the

aquiclude and the aquifer.
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In the Sonoita Creek basin the water in the prin-

cipal aquifer, alluvial unit No. 4, is locally under

artesian hydrostatic pressure (semi artesian), and thus

the wells in those areas are considered semi-artesian

wells.

Recharge

The major source of recharge to the basin aquifers

is from precipitation. Rain water on land surface is

absorbed by the soil, unless the rate of precipitation

exceeds the rate at which the soil will accept it. The

precipitation rejected by the soil becomes runoff and

flows into gullies and rills, then into the main creek.

Water that infiltrates the soil in excess of the ability

of the soil to hold it as soil moisture continues to move

downward to the zone of saturation and becomes ground-

water.

In addition to the precipitation, the basin

receives water from the springs on the margin of the basin.

Monkey spring, located one-half a mile northeast of the

mapped area, is the largest of these. The yield of Monkey

spring is 450 gpm (Feth, 1947, p. 134). Most of the water

is used for irrigation in that area and probably seeps

into the alluvium in the basin and reaches the shallow

groundwater.
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Discharge

Groundwater leaves the basin sediments by arti-

ficial and natural discharges.

Artificial recharge is represented by the pumping

of water wells. Most of the groundwater pumped from the

basin is through irrigation wells. Minor amounts are

pumped from the wells of the town of Patagonia for domes-

tic purposes. The yield of irrigation wells ranges from

100 to 1300 gpm. They are constructed of " to

diameter pipes and depths vary from 0-200 feet (Table 1).

The estimated average discharge through pumping is about

33 acre feet per year from about 45 wells (Halpenny and

others, 1964, p. 11).
Natural discharge includes the stream flow to

Sonoita Creek and the loss through evapotranspiration.

Sonoita Creek below Patagonia is the only per-

ennial stream in the area. The measurements of the stream-

flow two miles downstream from Patagonia which were made

by the U. S. Geological Survey indicate that a year-round

average of 505 acre feet per year rises to the surface

downstream from Patagonia (Halpenny and others, 1964).

The writer measured the stream flow at the same section

during August, 1966, and the yield was 15,300 acre feet

per year. Another section, 200 feet downstream from

Patagonia, was measured at the same time and the yield was
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4050 acre feet per year. The downstream increase in flow

is due to the contribution of groundwater to the surface

flow of the stream (Figures 9 and 10).

The loss of groundwater through evapotranspiration

in the Sonoita Creek basin varies over the area. The amount

of evapotranspiration a mile north of Patagonia is believed

to be negligible due to the deep water table in that area,

but the amount of evapotranspiration south of this area

is believed to be high due to shallow water table. Evapo-

transpiration plays an important role in the discharge of

groundwater in the basin from the phreatophytes which

occur over most of the basin. The amount of groundwater

that may be utilized by phreatophytes and vegetation is

conditioned by the species of the plant, the depth of the

roots, the density of the plant growth on the surface,

the length of the growing season, the depth to the water

table, and the climate. The varieties of the phreatophytes

in the basin are alfalfa, mesquite, and saltbush. Most of

the area is covered by mesquite which is capable of send-

ing its roots to more than 30 feet below the land sur-

face. The area of the mesquite covers is about two square

miles (l20 acres), and its density is about 50 percent

surface covered. Mesquite of 100 percent covered surface

in Safford Valley, 0 miles northeast of Tucson, Arizona,

where depth to water is 10 feet, used a total of



Figure 9. Point of Effluent Flow in Sonoita
Creek, 200 Feet Downstream from
Patagonia

T

Figure 10. Sonoita Creek Stream Flow Two Miles
Downstream from Patagonia
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more than 3 acre-feet of Water per acre in 1943-44.

(Gatewood and others, 1950, p. 203), But due to lower

density and deeper water table in the Sonoita Creek basin,

one or less acre-feet of water is used. The area of the

phreatophytes is l20 acres, so the estimated discharge

through evapotranspiration in the Sonoita Creek basin is

about l20 acre feet. Therefore, the total estimated

yearly discharge from the basin is 6700 acre feet which

is the summation of the discharge from pumping, from the

Sonoita Creek stream outflow, and from the evapotranspir-

at ion.

Water Level Fluctuations

The water level in the Sonoita Creek basin fluc-

tuates primarily in response to variations in recharge

and discharge. These fluctuations are reflected by water

level changes in wells which provide information on the

change in groundwater storage. The water table of 1966 in

the town of Patagonia is slightly above the level of the

stream flow, but upstream the water table is deeper.

The water level in 1966 has risen 25 feet from the

water level of 1965 (Figure 11) which indicates that the

recharge to the basin is much higher than the total dis-

charge out of it. Usually, the water level rises in

February, declines in April, and continues declining until

the middle of August when it again rises. The area



50

60
1961 1962 1963 1964 965 966

FIGURE. II Water level fluctuations for six years in well

(22-16-5cccd) in Sonoita Creek basin

3

0



receives high quantities of rainfall in January-February

and August-September. During 1966 the seasonal water

level fluctuations were different from the other years in

that the water level started rising in January and con-

tinued rising until September of the same year (Figure

12).
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MOVEIVIENT OF GROUNDWATER

The general movement of groundwater in the

Sonoita Creek basin is shown by the water contour map

(Plate 2). A flow net constitutes a graphical solution

of the pattern of groundwater movement in the aquifer.

It is composed of two sets of lines: equipotential lines

represent contours of equal head in the aquifer and

stream lines or flow lines represent the path a droplet

of water follows as it moves through the aquifer in the

direction of decreasing head. Equipotential lines and

flow lines intersect at right angles. The equipotential

lines indicate that recharge occurs at the mountain

fronts and that groundwater moves toward the central part

of the valley, where it moves through the alluvial unit

No. 1, with a slight angle to the south, and follows the

channel fill.

The elevation of the water table at Rail X ranch

in the north is about 4L5O feet above sea level, while at

Patagonia in the south, the water table elevation is 4050

feet. The distance between the two locations is 7 miles.

Therefore, the average hydraulic gradient is 57 feet per

mile which is relatively steep.
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The groundwater in the Sonoita Creek basin moves

towards the south as an influent flow all over the basin.

The influent flow becomes effluent flow, 200 feet down-

stream from Patagonia, as a result of the impervious out-

crops of volcanic rocks which cause the groundwater to

discharge into the stream channel as perennial stream flow.

The volcanic rocks which forced the groundwater to discharge

on the surface outcrop are located one-half a mile south-

west of Patagonia (Plate 1).



QUANTITATIVE CHARACTERISTICS

The amount of water that a material can hold is a

direct function of its porosity. Where the pore spaces

are large and interconnected, as they commonly are in sand

and gravel, water is transmitted freely and the material is

said to be permeable. But when the pores are small, as in

clay, water is transmitted slowly and the material is con-

sidered to have low permeability.

A measure of the ability of a material to trans-

mit water is given by the coefficient of permeability, P,

which is defined as the rate of flow of water in gallons

per day through a cross-sectional area of one square foot

under hydraulic gradient of 100 percent at a temperature

of 600F. Theis (1935) introduced the term coefficient of

transmissibility, T, which is usually determined in the

field by pumping tests and may be defined as the number of

gallons of water transmitted in one day through a vertical

strip of the aquifer one foot wide having a height equal

to the saturated thickness of the aquifer under a hydraulic

gradient of 100 percent at prevailing groundwater tempera-

ture. The permeability multiplied by the thickness of the

aquifer, in feet, is equal to coefficient of transmissi-

bility. The volume of water released from storage or taken

L3



characteristics of an aquifer

groundwater flow.

In order to

Sonoita Creek basin

fer characteristics

tests, construction

the geological data

4L.

into storage per unit surface area of the aquifer per unit

change in the component of head normal to the surface is

representing the coefficient of storage. The coefficients

of storage and transmissibility are the principal hydraulic

used in computations used in

determine water resources of the

it is essential to estimate the aqui-

by water level measurements, pumping

of flow nets, and by interpretation of

available. All the quantitative char-

acteristics of the area have been calculated from the data

collected by Halpenny, Green, and Dausinger and by con-

struction of flow net for the basin. The data available

are incomplete but the writer has used the following tech-

niques to estimate the quantitative characteristics of

the alluvial units:

Theis matching curve method for estimating the

coefficient of nsmjssibility and coefficient of storage.

Determination of the coefficient of trans-

missibility using the specific capacities of pumping

tests.

The flow net method.

Theis, utilizing an analor of the flow of ground-

water to the flow of heat by conduction, developed the



non-equilibrium formula for computing the coefficients of

storage and transmissibility.

du
r2 5/4T 0

Using the ordinary survey units, equation (1) may be writ-

ten as

-u
114.6Q

- T

l.7r2S

du

Equation (2) is changed to

ll4.6Q W(u) (3)
T

and

l.7r2S (4)

But under steady state condition, equation (1) reduces to

s - [-.5772 In uJ (5)

which is equal to

4T
s - [-.5772 loge (6)

45

2.25 Tt
(7)
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Writing drawdown for two different wells at dis-

tances r1 and r2 and substitution from equation (7)

-
= As - In r2/r1

In survey field units,

527.7 Q log r2/r1
T

As

= 527.7 log r2/r1
As

and if = specific capacity, equation (10) reduces to

the fonn

T = 527.7 C log r2/r1 (11)

If the pumping well has a radius of one foot and the dis-

tance (r2) is 10,000 feet, then

T = 527.7 x C5 x L.0

T 2000 C
5

And if r2 = 50,000, then

T = 527.7 x Cs x l.29

T 2000 C
S

where s = drawdown, in feet, at observation well

Q = discharge, in gallons, per minute

T = coefficient of transmissibility

46
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r = distance, in feet, from observation well to

pumped well

S = coefficient of storage

t = time, in days, since pumping started

u l.7 r2/S/T

(1) Application of Theis matching curve method in the

field by using pumping tests

Theis matching curve method has been applied for

two pumping wells (5caccc and 5bdaaa) of 100 and 160 feet

depths. The first well has tapped alluvial Units No. 1

and No. 3 and the second well has tapped units No. 1, No.

3 and No. L. (Plate 3). As only one observation well was

used to measure drawdown in each pumping test, the data

of both the observation wells (Appendix I) was plotted

(Figures 13 and lL) on log/log paper and, by matching it

with the Theis type curve, the apparent parameters were

obtained (Table 3).

4.7



10
1 o0 10

10

2
3

10
10

i0

0-
0
-

0

N
N
N

N

F
IG

U
R

E
. 1

3
H

yd
ro

gr
ap

h 
of

 r
es

ul
ts

 o
bt

ai
ne

d 
fr

om
 a

pu
m

pi
ng

 te
st

in
 w

eH
 5

ca
cc

c
in

S
on

oi
ta

C
re

ek
 b

as
in



2 F
/t

2
Ic

?
lO

f

lo
t

to
e

F
IG

U
R

E
. 1

4
1-

ly
dr

og
ra

ph
 o

f r
es

ul
ts

 o
bt

ai
ne

d 
fr

om
 a

pu
m

pi
ng

 te
st

 in
 w

el
l

5b
da

aa
in

S
on

oi
ta

 C
re

ek
 b

as
in

0 to

0

N



TABLE 3

PUMPING TEST DATA FOR OBSERVATION IELLS Scaccc

AND 5bdaaa AND THEIR CONSEQUENTS u AND W(u)

From these parsxneters, the values of coefficients of stor-

age and transmissibility have been calculated by equations

(3) and (4).

(1) T
114.6 x Q x (Wu)

S

114.6 x 192 x

9 x lO

1. l46xl02xl 92xlO2xX101Xl0
9

= 1.95 x lO gallon/day/foot

uT

l.7 r2/T

= 4.9 X l0_2 x 1.95 x - .0517

l.7 x

50

Ptimping
well Drawdown

2
r ft u W(u)

Discharge in
gallons per
minute

5caccc 9x102 1O 4.9x103 .O 192

5bdaaa .OxlO 106 l.2x102 4.4xlO 150



114.6 x 150 x 4.4x l0(2) T
xl0

= 9500 gallons/day/foot,

1.2 x io_2 x 1o6 x 9.5 x 1O3S
1.7

= 6.09 x 10

(2) Determining the coefficient of transmissibility by

using the specific capacities of pumping wells.

Specific capacity of 5caccc well was calculated by

plotting drawdown vs. discharge of the well (Figure 15).

c = = 315 - 245 l0
- 125 gallons/foot

s s 2.5-1.7 0

A table of specific capacities of wells was pre-

pared by using the above method (Table 4) and corresponding

values of coefficient of transmissibility were calculated.
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TABLE 4

TRANSMISSIBILITIES FOR SELECTED WELLS IN THE SONOITA

CREEK BASIN DETERMINED BY THEIR SPECIFIC CAPACITIES

53

Transmissibilities for selected wells were deter-

mined by using the equation (12) T (transmissibility)

C3 (specific capacity) x 2000. Various values of trans-

missibility were obtained either with high values as in

wells (Scaccc and 5ccad) or low values as in wells

(Sbdaaa and Scccd), and are located within one-half a mile

of each other along the flood plain of Sonoita Creek. The

values obtained show that there are reasons for their dis-

crepancies. The area west of the basin was exposed to

tectonic activities during Quaternary age (Rohrbacher,

1963). The writer believes that this activity has created

Well

Depth
in
feet

Discharge
in gallon/
ft

Specific
cap. in
gal/ft

Coefficient of
Transmissibility
gallons/day/ft
T = C5 x 2000

Sbdaaa 160 l3 4.5 9000

Sbdaba 110 15 10 20000

Scaccc 97 1000 125 250000

Sccad 145 1300 130 260000

Scccd 105 33 9 lOOO



faulted zones in the basin, on which the high productive

wells are located.

(3) Flow net method

A useful form of Darcyts law (Ferris, 1962) is

given by

Q = TIL

where Q = discharge in gallons per minute

T = transmissibility in gallons per day per foot

I = hydraulic gradient

L = width of the aquifer

By construction of the flow net diagram for the Sonoita

Creek basin (Plate 2), the rnsmissibility can be

determined. By considering the portion of the flow net

diagram shown on the plate south of the basin, it is

possible to determine the hydraulic gradient, I, feet per

mile, and width, L, in miles.

From the portion of the flow net diagram, I is

equal to contour interval, 50 ft., over the distance

between the two equipotential lines, 2110 ft., and the

width, L, is equal to the distance between the two flow

lines, 1500 ft. The discharge, Q, is measured at that

area and is equal to 3,000,000 gallons per day.

5L.



Then by using equation (12)

T
IL

3,000,000 x 2110
50 isoo l2L,00O gal per day per ft

From the preceding methods, it is concluded that

the average conservative figure for the transmissibility

of the basin is about 100,000 gal/day/ft.
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WATER QUALITY

Chemical analysis of 24 groundwater and surface
samples collected in the Sonoita Creek basin are shown in

Table 7. All of these wells were drilled in alluvial

unit No. 1, and have penetrated alluvial unit No. 4.

Water of the Sonoita Creek basin is of calcium bicarbon-

ate, sulphate type, hard, and of moderate to high dissolved

solids content. Concentrations of fluoride range between

0.3 and 0. ppm. The table shows that the samples con-

tain from 215 to 1113 ppm of dissolved solids which con-

sist mostly of sulphate, bicarbonate and calcium. The

source of most of the dissolved solids in groundwater of

the basin is the minerals of the weathered rocks material

of the surrounding rocks. The sulphate content in the

basin groundwater is variable from 6 ppm in the west of

Sonoita Creek to 60 ppm in the east. The percentage of

the sulphate increases from west to east approaching the

rhyolite volcanic rocks which are impregnated with pyrite,

chalcopyrite, and chalcocite. The pyrite is oxidized into

hematite and sulphuric acid

eS2 + 1502 + H20 - 2Fe203 + H2SO4
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Hardness is an undesirable characteristic of water
used for domestic purposes. The water of the basin is

very hard exceeding 1424. ppm and reaches as high as OO ppm

(Hem, 1959). This quality analysis is given in Table 5.
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CONCLUSIONS

The groundwater flow in Sonoita Creek basin issues on

the surface as stream flow due to the impervious out-

crops of volcanic rocks, 200 feet south of Patagonia.

Pumping tests data analyses were made to determine the

qualitative characteristics of the alluvial sediment,

and the average transmissibility in the area is about

100,000 gpd/ft.

Water supplies in the Sonoita Creek basin are obtained

mainly from alluvial unit No. 4 and partly from alluvial

unit No. 1.

The water quality, in general, is satisfactory in spite

of the high concentration of sulphate which comes from

the oxidation of pyrites contained in the rhyolite

rocks.
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APPENDIX 1

CALCULATED DATA OF OBSERVATION WELLS Scacaa AND Scaccd

Pumping well Sbdaaa Observation well Scacaa

Q = 150 gallon/minute Distance from pumping well

is 1100 feet

62

0.29 10.17 19 l.32xl02 l.l5xlO5

O.3 10.37 39 2.7Ox1O2 565lO

0.44 10.52 54 3.75x102 4.lOxlO4

0.50 11.09 71 4.92xlO2 3.l2xlO4

0.51 11.23 5 5.90xl02 2.5xl04

Drawdown
in feet Time

Time in
Minutes

Time in
days

r2/T

0 11.25 22 l.63xl02 7.44xl07

1 11.41 3 2.64xl02 4.6xlO7

l.5 12.04 61 4.27xl02 37lQ
2.55 12.43 100 6.95xlO2 l.74xl07

Pumping well Scaccc Observation well Scaccd

Q = 192 gallon/minute Distance from pumping well

is 32 feet



APPENDIX 2

LOGS OF WELLS IN THE SONOITA CREEK BASIN

63

Material Thickness Depth

5acaa

Sandy soil 10 10

Soft clay, gravel 15 25

Hard clay, gravel, water 2 53

Soft clay 22 75

Layers of clay and sandstone 50 125

Soft clay and gravel 160 25

Sticky clay 10 295

Clay and gravel 20 315

Sticky clay 110 425

Clay, gravel 60 45

Soft clay, gravel 10 495

Rhyolite 5 500



APPENDIX 2 (Contd)
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Material Thickness Depth

Sbdaaa

Dirt 10 10

Red clay 16 26

Clay, gravel 9 35

Loose gravel, seep at 45T 10 45

Tight gravel, clay 10 55

Tight conglomerate 50 105

Tight sandy clay 10 115

Tight clay, gravel 45 160

5bdba

Sand 4

Gravel 10 14

Light clay, gravel 6 20

Red clay 17 37

Tight clay, gravel 14 51

5caca

Dirt 25 25

Gravel, clay 22 47

Loose gravel and water l 65

Red clay, gravel 40 105

Tight clay, gravel 3 143



APPENDIX 2 (Contd)

6

Mat erial Thickness Depth

5 c cad

Dirt
9 9

Red clay 26 35

Tight gravel, clay 7 42

Gravel and water 32 74

Light clay, sand 64 l3

Tight clay, gravel 7 145

Scccd

Soil 15 15

Conglomerate 30

Sand and gravel, water 10 55

Muddy sand and gravel 30

Yellow clay with gravel 5 90

Yellow clay 5 95

Red clay with gravel 5 100

Yellow clay 5 105
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EXPLANATION

Ql
Alluvial thit No. 1

Sand, silt, clay, and gravel; generally 50-80 feet
thick. It ia a water-bearing formation, but, in
general, does not yield large amounts of water
to wells

Unconformity

- -

Alluvial unit No. 2
Gravel, silt, clay, and sand; generally 40-60 feet

thick. This unit is above the zone of saturation
and does not yield water to wells

Unconformity

CI3
Alluvial unit No. 3

Gravel, silt, clay, and sand; generally 100 feet
thick. This unit is above the zone of saturation
and does not yield water to wells

Unconformity

Alluvial unit No. 4
Gravel, sand, silt, and clay, generally 150 feet

thick; yields moderate to large amounts of Water
to wells

Unconformity

TpI5

Alluvisl unit No. 5

Conglomerate; generally 400 feet thick; yields
small amounts of water to wells

Unconformity

Volcanic rocks
Andeaitic to rhyolltic volcanic rocks; where

fractured yield small amounts of water to
wells

Contact
U

D

Faulb
Dashed where concealed. 13, upthrown side;

D, downthrown aide

Domestic well

0
Irrigation well

Test hole

PLATE I

2 MILES0
I I I



EXPLANATION

ALLUVIAL UNIT N? I

ALLUVIAL UNIT N° 4-
VOLCANIC ROCKS

EQUIPOTENTIAL LINES
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WATER WELL
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GENERALIZED GROUND WATER FLOW NET DIAGRAM BASED ON 1966 WATER LEVEL CONTOURS.
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HYDROLOGICAL CROSS SECTION IN SONOITA CREEK BASIN.

/ 7 PLATE 3

6

7 8


