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ABSTRACT

The Carefree Ranch is located approximately 25 miles 
north of Scottsdale, Arizona. Three fundamental rock units 
crop out in the Carefree Ranch area: Precambrian metamorphic
rock and granite, Tertiary (?) extrusive volcanic rocks, and 
Quaternary to recent alluvium. An attempt is made in this 
study to define the groundwater availability within the. 
ranch area.

The Precambrian rocks are essentially impervious, 
except locally where permeability has been increased as a 
result of faults or intense fractures. The Tertiary (?) vol
canic rocks are a potential water source, but at this time 
no wells have been drilled to test their producing capacity. 
The valley-fill alluvium, with yields of 50 to 225 gpm, is 
considered to be the best potential acquifer in the entire 
ranch area. Transmissivity in the valley-fill alluvium de
creases west to east as a result of increased cementation and 
decreased permeability in the eastern portion of the study 
area.

Gravity data indicate that the structural basin, in 
which the valley-fill alluvium is deposited may have a total 
depth of 7,000 feet or more. Using a minimum storage co
efficient of 0.07, a maximum figure of 45,000 acre feet of 
water available from storage is computed for the ranch area 
itself.
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CHAPTER 1

INTRODUCTION

This project attempts to define some of the major 
hydrogeologic factors which control the occurrence of ground- 
water within the area of the Carefree Ranch in Central Ari
zona. Specifically, an attempt is made to delineate the 
lithologic and structural features which may produce or serve 
as potential aquifers. The geologic data, in conjunction 
with water-well data and geophysical data, are used to anal- 
zye the hydrogeologic setting of the Carefree Ranch area. 
Information is provided that may aid in the selection of 
future well sites.

Location
Geographic Setting

Carefree Ranch is located approximately 25 miles 
north of Scottsdale, Arizona (Fig. 1). The ranch area, con
sisting of about 16 square miles, is adjacent to and north
east of the town of Carefree, Arizona. The Carefree region, 
an area of growing development and population, is entirely 
dependent upon groundwater supplies for its water needs.

1
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Physiography

Land-surface altitudes in the ranch area range from 
4800 feet in the northern, mountainous area, to an average 
of 2600 feet on the pediment-like surface along the southern 
boundary of the region (Figs. 2 and 3).

The entire Carefree Ranch is within the Cave Creek 
drainage basin, which is in turn part of the larger Salt 
River watershed. The boundary between the Cave Creek and 
Verde River drainage basins lies just to the east of the 
ranch area in the vicinity of Wildcat Hill. To the west, 
the Cave Creek drainage is separated from the New River 
watershed by New River Mesa. To the north are the New River 
Mountains.

No perennial or intermittent streams occur in the 
study area. Ephemeral streams are, however, quite common. 
The area is drained by several large ephemeral streams such 
as Rowe Wash and Galloway Wash, both of which flow east to 
west, eventually flowing into Cave Creek approximately five 
miles west of the ranch itself. The mountainous portion of 
the area is drained by Grapevine Wash which flows north to 
south and connects with Rowe Wash to the west of the ranch 
area.

Climate
The Carefree region is characterized by a semi-arid 

climate. This climate is typified by hot summers and mild
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Figure 2. Carefree Ranch, Arizona, Looking North; 
Apache Peak on Right

Figure 3. Carefree Ranch, Arizona, Looking East;
Volcanic Rocks of Lone Mountain in 
Foreground
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winters. The summer temperatures often exceed 100°F., and 
winter daytime temperatures average 65°F. Precipitation in 
the area averages 13 inches per year. The majority of this 
rainfall occurs as"heavy afternoon thunderstorms during the 
months of July and August.

The vegetation in the area belongs to the Arizona 
Upland subclass of the Sonoran Desert biome. This subclass 
is typified by such flora as the saguaro, prickly pear, and 
cholla cactus, and the mesquite, palo verde, and creosote 
bush.

Previous Studies
Very few comprehensive studies have been directed 

toward the geologic and/or hydrologic conditions in the Care
free area. Lewis (1920) provided the first meaningful geo
logic investigation of the area in his study on the Cave 
Creek mining district which included the area of what is now 
Carefree Ranch. The Maricopa County geologic map (Wilson, 
Moore, and Pierce, 1957) provides more up-to-date, basic geo
logic information concerning the region.

An unpublished water supply consulting report by 
Thiele (1958) discussed important hydrogeologic features in 
the Cave Creek-Carefree basin. This study included a re
sistivity survey carried out west of the ranch area.

The ranch area and its surroundings have been men
tioned in several U.S. Geological Survey reports, the most



6
important being a report on the geology and groundwater 
resources of the Verde River valley by McDonald and Padgett 
(1946), and a report of similar style on Paradise Valley by 
McDonald, Wolcott, Bluhm, and Hem (1947).

I



CHAPTER 2

GEOLOGIC AND GEOPHYSICAL INVESTIGATIONS

This chapter presents a brief, generalized descrip
tion of the regional geologic setting of the Carefree Ranch 
area as well as a detailed presentation of the geologic and 
geophysical data for the area.

Regional Geologic Setting
The Carefree area is located within the mountain 

region of the Basin and Range physiographic province as de
fined by Ransome (1903) and Wilson (1962). The province is 
characterized by broad, alluvial-filled basins bordered by 
short, north-northwest-trending fault-block mountain ranges.

The mountain blocks in the Carefree area are composed 
chiefly of Precambrian granites, phyllites, and schists. The 
metamorphic rocks are considered to be equivalent to the 
Yavapai Schist of central Arizona. This Precambrian schist 
was invaded by large plutonic intrusions of granite during 
the Mazatzal Revolution approximately 1.5 billion years ago 
(Wilson, 1962). The main northwest-trending Cave Creek- 
Carefree physiographic basin is filled with mid-Tertiary to 
recent sediments, ranging in induration from consolidated 
conglomerates to unconsolidated stream gravels. The

7
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conglomeratic material is thought to be equivalent, in part, 
to the Pliocene Gila Conglomerate, which, along with other 
Cenozoic formations, covers a large percentage of Arizona.

Large mesas comprised of layered volcanic rocks 
which are situated to the north and northwest of the study 
area are evidence of extensive volcanism during the Cenozoic 
Era. These mesas are the erosional remnants of a once 
larger, more widespread volcanic sheet.

The area is prevaded by north and northwest-trending 
high-angle faults. One of the larger of these faults forms 
the Verde River Valley, immediately to the east of the ranch 
area.

Descriptive Geology
In the Carefree Ranch area three fundamental rock 

units crop out: Cl) Precambrian metamorphic rocks and gran
ite form the hills and mountainous area in the central and 
northern portion of the ranch, (2) Tertiary (?) volcanic rocks 
are represented on Lone Mountain, and (3) Quaternary to 
recent valley fill are found in the southern portion of the 
study area (Fig. 4, in pocket).

Precambrian Rocks
Rocks of Precambrian age in the study area consist 

of phyllite, granite, slate, and schist. The predominate 
type of phyllite is light grey on fresh surfaces and weathers
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to a dark grey or brown. The phyllite is consistently very 
fine grained and varies in the degree of induration. The 
more indurated variety typically has a patina, dark brown to 
black in color. As a result of its induration this variety 
commonly forms large, well exposed outcrops. The softer 
variety, light grey in color, usually occurs as a veneer of 
float on the slopes of hills. It commonly crops out only as 
small cliff-like surfaces, forming the banks of washes in 
the area (Fig. 5).

The metamorphic rocks strike approximately N. 40° E. 
and dip steeply, usually about 80° NW. Locally, the meta
morphic rocks dip steeply to the southeast. A zone of 
schist, approximately six feet wide, exists along the contact 
between the phyllite and the intrusive PreCambrian granite 
(Fig. 6).

Several varieties of granite can be observed in the 
study area. The most common variety is a very coarse-grained 
non-foliated hypidiomorphic-granular granite composed of 
large potassium feldspar crystals surrounded by quartz and 
biotite mica. The orthoclase crystals are from one to two 
inches in length. This granite weathers into well-rounded 
boulders and is the source for most of the arkosic alluvium 
in the area. The arkosic material is derived from a zone of 
decomposition within the granite that commonly extends to 
depths of ten feet or more (Fig. 7).
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Figure 5. Exposure of Precambrian Phyllite, 
Showing Joints; Note Petroglyphs



11

Figure 6. Photograph of Intrusive Contact 
between Granite on the Right and 
Schist on the Left



Figure 7. Exposure of Decomposed Precambrian 
Granite
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A light-grey, coarse-grained granite with light- 

colored orthoclase feldspar and high biotite content occurs 
in minor amounts in the region. A third type of granite, 
occurring only in small quantities, is pink, medium grained, 
and feldspathic. This granite, in particular, is quite con
spicuous due to the red-orange color which it imparts to the 
soil in its immediate vicinity.

Tertiary (?) Rocks
Volcanic rocks of Tertiary (?) age in the west and 

southwestern parts of the Carefree Ranch area constitute an 
erosional remnant of a more widespread volcanic sheet. New 
River Mesa, to the northwest of the study area, is a portion 
of this larger sheet. The volcanic rocks comprise a layered 
sequence of basalt, tuff, and agglomerate. Beds vary in 
thickness from two to eighty feet, with an average thickness 
of thirty feet. The entire sequence exposed on the northern 
side of Lone Mountain totals more than 550 feet in thickness 
(Fig. 8). The capping basalt layer is, in itself, more than 
150 feet thick. The layered volcanic rocks dip as a unit 
approximately 20° SW and vary in strike from N. 15° to N.
45° W.

The basalts are rather uniform in texture and com
position and are typically a light grey, weathering brown. 
They are all very fine grained and predominately non- 
vesicular. Some individual flows, however, are slightly
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Figure 8. Photograph of Lone Mountain,
Showing Layered Volcanic Rocks; 
Cave Creek-Carefree Basin in 
Background



vesicular near their tops. One basalt flow within the 
sequency contains a one-foot thick layer of scoracious 
material at the top.

Tuffaceous rocks are interbedded in the basalt 
flows and vary from pure, dense, welded tuffs, to friable, 
sandy tuffs and conglomeratic tuffs. The welded tuffs are 
white in color whereas the sandy tuffs vary in color from 
buff to brick red. The sandy and conglomeratic tuffs are
apparently lacustrine in origin, and observation which is

\

evidenced by the sand and gravel material found within the 
tuffs. The conglomeratic tuff material consists almost en
tirely of phyllitic debris derived from the immediately sur
rounding phyllite, and cemented together by the tuffaceous 
material. This conglomeratic tuff occurs as lens-like 
bodies of limited extent, within the surrounding sandy tuffs 
(Fig. 9).

The agglomerates and volcanic breccias are extremely 
limited in extent, and consist of large clasts of the sur
rounding volcanic material. Clasts up to five feet in 
diameter are present within some portions of the agglomerate

Small felsite plugs have been intruded into the phyl 
lite in the area of Grapevine Wash. These plugs are con
sidered to be Laramide (?) in age (Wilson, Moore, and 
Pierce, 1957) and exhibit well developed, vertical flow 
banding. In some locations the intrusives have "baked" the

15



16

Figure 9. Exposure of Conglomeratic Tuff Lens 
Within Sandy Tuffs
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surrounding phyllite causing silicification in the vicinity 
of the plugs.

In the northern area of the ranch there, are two 
granitic bodies of Laramide (?) age which are intrusive into 
the phyllite. The granite is medium grained, feldspathic, 
and is associated with gold and silver mineralization in the 
area of Gold Hill (Fig. 10).

, Quaternary Rocks
Quaternary rocks in the ranch area are predominantly 

poorly consolidated fluvial gravels and conglomerates. The 
fluvial conglomerates are quite variable in composition, 
ranging from gravel-sized clasts of granitic composition to 
boulder-sized clasts of volcanic and phyllitic rocks. Most 
of the conglomerate is poorly cemented, consisting of sub- 
rounded, subparallel, disc-shaped phyllite fragments of 
gravel size or larger (Fig. 11). This conglomerate uncon- 
formably overlies the extrusive volcanic sequence in the 
southwestern portion of the ranch area. It is also wide
spread elsewhere in the Carefree region. This phyllitic 
conglomerate is very similar in appearance to, but not to be 
confused with, the conglomeratic tuff described previously. 
The conglomeratic tuff is very limited in extent, and is 
lacustrine in origin.

In the northwest part of the area, another more 
recent conglomerate or bench gravel is found. This material
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Figure 10. Photograph of Gold Hill, Formed
by Intrusive Laramide (?) Granite
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Figure 11. Exposure of Quaternary Phyllitic 
Conglomerate
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is best exposed in the present stream valley of Grapevine 
Wash. It is a flat-lying, unconsolidated, poorly sorted 
fluvial deposit which is being dissected by the present 
drainage. The conglomerate lies unconformably on the bed
rock and attains a maximum thickness of only about 30 feet.

In the north-central part of the ranch area there is 
a thin, fan-shaped deposit of phyllite cobbles and boulders 
with little matrix, one to three feet thick, overyling the 
granitic bedrock. This deposit is apparently the result of 
a debris-like flow originating from the phyllitic mountains 
directly to the north. The debris-like flow has been highly 
dissected by subsequent drainage patterns.

Alluvium predominates in the extreme southern portion 
of the mapped area. It consists of a poorly cemented, 
arkosic gravel. In some areas the alluvium has originated, 
in situ, from weathering of underlying granite. However, 
south of Lone Mountain the alluvium is thought to be entirely 
fluvial in origin. Wells in this alluvial material have been 
drilled to a maximum depth of approximately 1,000 feet. The 
driller's logs indicate the wells were drilled through numer
ous gravels, conglomerates, and minor clays, without en
countering bedrock. The total thickness of the alluvium is 
not known but may be estimated on the basis of geophysics. 
Gravity data indicates that the total depth, of the alluvial 
material is at least four times the known depth of 1,000 
feet. The apparent lens-like nature of the sediments
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precludes any lateral correlation of the individual units.
To the west of the ranch area, well logs indicate that ex
trusive volcanics may intertongue with the basin-fill 
alluvium.

Modern unconsolidated stream gravels and conglomer
ates are present in all major washes in the area. The 
washes in granitic terrain contain angular arkosic sands and 
gravels, while the washes in metamorphic terrains consist 
primarily of phyllitic gravels (Fig. 12). These modern 
gravels seem to be at most only a few tens of feet thick, 
but they serve as the present aquifer for the several wind
mill equipped wells on the ranch.

Structural Geology
Fractures

Joints exist in almost all of the rock types found in 
the ranch area except for the Quaternary alluvium. The Pre- 
cambrian granite in the central portion of the study area has 
the most consistent pattern and intensity of joints of any 
of the rock types. An outcrop of the granite contains sev
eral well developed fracture sets characterized by smooth, 
planar surfaces spaced at two to three foot intervals. Al
though the joint sets do not appear to be consistent in 
orientation from outcrop to outcrop, two major trends of 
joint sets do exist. These sets are shown on the rose dia
gram of Figure 13. The strikes of these sets are
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Figure 12. Photograph Showing Cross-sectional 
View of Modern Phyllitic Stream 
Gravels



Radius =5 Joints

Figure 13. Rose Diagram of Joints in Granite



24
approximately N. 60° E. and N. 60° W., and the dips are pre
dominately NE and SE, varying between 60° and 75°.

Joints in the phyllites are very well developed and 
occur with a frequency similar to that of the granite. 
Similar to the granite, the joint sets in a particular out
crop of phyllite are rather consistent, but the phyllites as 
a whole lack a consistent major pattern of joint sets. The 
frequency of joints in the phyllites increases in areas 
associated with intrusions and faulting (Fig. 14). Visual 
evidence from exposures in old mine shafts and adits seems 
to indicate that the frequency of joints dies out rapidly at 
depth.

The Tertiary (?) volcanic rocks are well jointed, 
particularly the outcrops of basalt within the layered se- 
quency. The joint planes are rough ' and irregular and form 
no distinct sets. Also, the joint planes commonly do not 
continue into the overlying or underlying layer. The cap
ping layer of basalt is so highly weathered as to destroy 
any visual evidence of joints. The tuffs incorporated into 
the volcanic sequency are moderately to poorly jointed.

Faults
Large-scale block faults are fairly common in the 

PreCambrian metamorphic rocks. The faults are characterized 
by zones of fault breccia one to five feet thick. The fault 
planes are all high angle in nature and at times produce



Figure 14. Photograph of Complex Joints 
within the Phyllite
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opposing directions of dip in the steeply inclined bedding 
of the phyllites. The faults control several smaller washes, 
as well as portions of Grapevine Wash. The majority of these 
faults trend north-south or NW-SE.

Similar block faults occur in the granites. However, 
because of the homogeneous nature of the granitic rocks, 
direct evidence of such faulting in the granites would be 
the geophysically inferred fault bordering the alluvial basin 
in the southern portion of the ranch area.

High-angle normal faults commonly occur in the lay
ered volcanic sequency. The offset of these faults varies 
from several inches to over 100 feet. The larger offsets 
result in the abrupt truncation of the more visible tuff 
layers. The entire sequency has been tilted by faulting to 
produce the 20° dip to the southwest which characterizes the 
volcanic rocks. The phyllitic conglomerate which unconform- 
ably overlies the layered volcanics has also undergone minor 
tilting of 5° to 10° in the same direction as the volcanics.

Geophysics
The geophysical data presented in this section are a 

portion of an on-going geophysical investigation of the Care
free area by the Carefree Developers, Inc.

Gravity
The gravity data were gathered by Mr. Ken Koenen 

with a LaCoste-Romberg model G Gravimeter which has a reading
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accuracy of ±0.01 milligals. The gravity data were tied 
into the airport gravity base station at Sky Harbor Airport 
in Phoenix, Arizona. Gravity and magnetic measurements were 
taken at a total of 229 stations within the surveyed sixteen 
square miles of the ranch area. The station density for the 
study area was approximately fourteen per square mile.

The gravity values obtained at each of the 229 sta
tions were corrected for elevation and latitude effects and 
compared to the standard datum for the earth as computed by 
the International Gravity Formula. The difference between 
the standard datum and the corrected gravity value is termed 
the Bouguer gravity anomaly. Figure 15 (in pocket) is a map 
showing the contoured values of the Bouguer anomaly.

Regional gravity gradients caused by large scale 
deep-seated structural features may distort or obscure local 
anomalies. For this reason, regional gravity is commonly 
subtracted from the Bouguer gravity so as to leave what is 
termed the residual gravity. The residual gravity data con
toured by Koenen (1973) on a 0.5 milligal interval are shown 
in Figure 16 (in pocket). The relatively high gravity 
values occur over the surface exposures of PreCambrian igne
ous and metamorphic rock in the northern and northwestern 
portions of the study area. The alluvial material in the 
southern portion of the map area produces the dominant fea
ture of the gravity map, namely the rapidly decreasing
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contour values in a southwesterly direction, culminating in
an elongated low with an amplitude of ten milligals. The
anomaly has a northwesterly trend consistent with other
Basin-and-Range type structures.

Two gravity profiles which cross the major anomaly
at right angles are shown in Figures 17 and 18. Subsurface
basement profiles were computed based on the average density
contrasts between the alluvium and surrounding bedrock of
the basin. Two subsurface basement profiles with density

3 qcontrasts of 0.30 g/cm and 0.20/cm , respectively, are 
shown for each of the gravity profiles.

Dry density values were determined for the alluvial 
material and bedrock in the study area resulting in an aver-

qage density for the alluvium of 2.31 g/cm , and for the bed-
3 3rock of 2.59 g/cm . The density contrast is 0.28 g/cm .

The results of several recent studies (Davis, 1967; Bench,
1968; Spangler, 1969; West, 1970) of similar basins in
southern Arizona suggest a value of 2.20 to 2.30 g/cm^ is the
average density value of basin-fill alluvium and 0.40 g/crn̂
is the average density contrast between alluvium and bedrock.
In the case of the study area, however, the large amount of
conglomeratic material within the area and elsewhere in the
Cave Creek-Carefree basin is considered an important factor
in interpreting the lower-than-average density contrast of
approximately 0.30 g/cm3.
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Magnetics

Total magnetic field data were measured at the same 
stations as those occupied during the gravity survey. As 
with the gravity map, coverage in the extreme northern por
tion of the ranch area is limited due to the rugged nature of 
the topography in that area. The magnetic readings were 
taken with a Geometries Model G816 Magnetometer which offers 
a reading accuracy of one gamma. The map of the total in
tensity field, contoured on a 100 gamma interval, is shown 
in Figure 19 (in pocket).

The dominant feature of the map is a magnetic high 
centered.over the exposures of the Tertiary volcanic rocks 
which form Lone Mountain. Just to the northwest of Lone 
Mountain is a conspicuous low at the southern limit of the 
phyllite in that area. The metamorphic rocks characteris
tically show an irregular pattern of a lesser intensity than 
the granites with which they are associated. The granitic 
rocks have a typical smooth, undulating pattern of magnetic 
intensity.

The magnetic contour lines in the southern, alluvial 
area of the ranch are subparallel to the gravity trends, but 
are more irregular in shape. This irregularity is probably 
due to the varying amounts of volcanic debris within the 
alluvium. The irregular, elongated magnetic low in this 
area closely coincides with the gravity low previously 
mentioned.



CHAPTER 3

HYDROGEOLOGY 

Groundwater Aquifers
Groundwater is being produced primarily from valley 

fill alluvium and recent stream gravels in the ranch area.
One windmill water well was dug in the decomposed granite of 
the east-central portion of the ranch. However, it has been 
abandoned for some time. At present no water is being 
pumped from any of the igneous or metamorphic rocks which 
characterize the region. As a result, the major focus of 
attention concerning groundwater supply is the valley-fill 
alluvium in the extreme southern portion of the ranch. Fig
ure 20 locates all of the wells used to delineate the various 
groundwater aquifers, and Appendix A, Tables 2, 3, and 4, 
list water well data used to define and describe aquifers in 
the ranch area.

Well data for the Carefree Ranch are relatively 
scarce.. Of six wells on the ranch property, four are shallow 
windmills in recent stream gravels. The two remaining wells 
are much deeper and consequently of greater interest. How
ever, meaningful data could only be obtained for one of 
these deep wells. For this reason two wells just outside of
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the southern boundary of the ranch were used to provide 
additional information concerning aquifers within the ranch 
area.

Well W-A, situated at the ranch house, has a total 
depth of 1,160 feet, and produces a moderate discharge of 
200 gpm. The valley-fill alluvium in this area is character
ized by poorly consolidated sand and gravel composed of sub- 
angular quartz and feldspar grains with varying amounts of 
volcanic and metamorphic rock fragments. Approximately one 
mile south of well W-A is well W-B, which is 650 feet deep 
and produces 225 gpm. Although the well log is of poor 
quality, it appears to indicate a decrease in the amount of 
volcanic and metamorphic rock fragments with respect to well 
W-A. Well W-C, which is 820 feet deep, produces only 50 gpm. 
It is located approximately 2.5 miles to the east of the 
ranch house. This lower yield may be the result of only 31 
feet of perforated pipe in the well in contrast to 630 feet 
and 400 feet in wells W-A and W-B, respectively. Another 
alternative is that increased cementation has reduced perme
ability in the aquifer materials. Such an increase in 
cementation is evidenced by the numerous references to "rock 
ledges" in the driller’s log for this well. Further evidence 
of reduced permeability is the low Specific Capacity of 0.30 
gpm/foot of drawdown as compared to a Specific Capacity of 
0.60 for well W-A and well W-B with 8.65. This reduction of
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permeability from west to east along the longitudinal axis 
of the basin is consistent with trends further to the west 
in the Cave Creek-Carefree basin (Manera, 1974). Lack of 
sufficient well data precludes any positive conclusions as 
to why this decrease in permeability exists.

Three wells within the area were pump tested within 
the past year. The pump test on the Carefree Water Company 
Well 4 (well W-J) was conducted by the Arizona Water Com
mission. Wells W-A and W-C were, tested by Manera and Asso
ciates. All three aquifer tests were analyzed using the 
recovery method of Theis (1935) with the results shown in 
Table 1.

Table 1
Well Characteristics for Wells W-A, W-C, and W-J

Well
Discharge Q 

(gpm)
Maximum
Drawdown
(feet)

Specific
Capacity

Transmissivity
(gpd/ft)

W-A 148 210.00 0.7 600
W-C 50 166.00 COo 200*
W-J 515 76.87 6.7 15,000-20,000

*The transmissivity as computed is probably low be- 
cause well W-J is only a partially penetrating well. The 
saturated thickness of the aquifer in this well is 346 feet, 
but only the bottom 30 feet of casing is perforated.
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Theis' recovery method uses a corollary to the non

equilibrium formula to determine the formation constants 
from the analysis of the recovery of a shutdown well. Using 
the formula 1

T _ 2640 ,
As

where Q is discharge in gallons per minute and As is the 
change in residual drawdown, in feet, per log cycle of time, 
the transmissivity (T), in gallons per day per foot, can be 
computed.

Figures 21 and 22 represent graphic plots of the 
pumping test data for wells W-A and W-C. The drawdown data 
for well W-A shows a curious change in inflection for the 
drawdown curve at an approximate pumping level of 506 feet. 
Two possible explanations may exist for this feature: (1)
the declining cone of depression may have intersected a 
small artesian aquifer system at this point or (2) the 
amount of drawdown was affected by the start of the perfo
rated section of pipe from 500 to 1130 feet. The trans
missivity values computed from these graphs decrease from 
west to east as do the discharge and specific capacity 
values mentioned earlier

The maximum saturated thickness of the aquifer as 
computed from well logs is 1,120 feet. However, geophysical 
data indicate that it may be well in excess of that figure.
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Recharge

Precipitation within the area is highly variable due 
to the local nature of the small summer thunderstorms. How
ever, as stated previously, the average yearly rainfall is 
approximately 13 inches per year. According to Thiele (1958) 
the average yearly rainfall is equivalent to approximately 
5,600 acre feet per year falling on the watershed upstream 
of Carefree. Of this, 5,600 acre feet per year, Theile 
estimated a recharge of 88 acre feet per year. This is 
slightly less than Matis' (1970) estimation of recharge 
being approximately two percent of the total precipitation 
within a similar given area.

Several detailed studies of runoff (Keppel and 
Renard, 1963; Wallace and Renard, 1967) have concluded that 
the major avenue of recharge is transmission losses of run
off along porous, dry, ephemeral stream channels. The same 
studies have concluded that only minor amounts of recharge 
result from direct infiltration or groundwater flow into the 
area as underflow. Many of the larger washes on the ranch, 
such as Rowe Wash or Galloway Wash are between 50 and 100 
feet in width, thus providing a large area for potential in
filtration of runoff into the underlying stream gravels. 
These transmission losses of running water may be as high as 
16.5 acre feet per mile per hour (Keppel and Renard, 1963).
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Direct infiltration into the crystalline rock com

prising the majority of the ranch area is at a minimum.
Some recharge may take place along joints or areas of shear
ing, but the total area of these features is almost negligi
ble compared to the total area of the basement-type rock. 
Minor recharge undoubtedly takes place as underflow from the 
mountainous areas to the north, however, this too is probably 
very slight when compared to the recharge obtained through 
transmission losses.

Withdrawal of groundwater, for the most part, has 
been greater than the recharge during the past twelve years, 
resulting in a lowering of the water table as much as 44 
feet at the ranch house well. In the extreme eastern portion 
of the study area, well W-C has shown a rise of eight feet in 
the water level over the past year.

Water Quality
The greater percentage of the water in the Carefree 

Ranch area is suitable for domestic and livestock use. The 
quality-of-water data used in the following discussion are 
located in Appendix A, Table 3. Total Dissolved Solids 
(Total Soluble Salts) within the water average 335 ppm, com
pletely within the limits established by the U.S. Public 
Health Service Drinking Water Standards of 1962. The water 
quality data for two windmill wells on the ranch show higher 
than average amounts of Total Dissolved Solids. This
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increased concentration results from the solids being dis
solved from the exposed bedrock in close proximity to the 
windmill wells. The same two wells produce water with a 
fluoride content in excess of 1.4 ppm, which is slightly 
above average. This demonstrates the leaching of dissolved 
solids, in this case fluorine, from the surrounding bedrock.



CHAPTER 4

HYDROGEOLOGICAL INTERPRETATIONS

In this section the author has attempted to incorpo
rate the information given in Chapters 2 and 3 into a dis
cussion of the aquifer potential for each of the given 
lithologies in the study area. From studies of the lithol
ogy, structural geology, geophysics, and hydrogeology, a 
conclusion as to the areas of optimum aquifer potential is 
derived.

Aquifer Potential
Precambrian Rocks

Unweathered, unfractured crystalline rock normally 
has less than one percent porosity and negligible permea
bility (Davis and Turk, 1964). The Precambrian metamorphic 
rock and granite of the ranch area are, however, well 
jointed and in some areas weathered to a depth of several 
feet. Decomposition and weathering along joints and frac
tures produce a rock of higher porosity and permeability 
with respect to unfractured rock. Joints in the granite and 
phyllite are commonly two or more feet apart and, as pre
viously mentioned, the frequency of the joints appears to 
die out rapidly at depth. In this type of situation it is

42
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unlikely that any significant amount of groundwater would be 

. produced.
Faults and the Tertiary (?) intrusive bodies in the 

metamorphic phyllite produce areas of increased joints and 
fractures that are areas of greater potential permeability. 
Several springs in the phyllite are associated with large- 
scale faults which produce a zone of increased permeability 
along the fault plane. Water yields in these existing 
springs in the area could be increased significantly through 
the use of "horizontal” wells to increase permeability. A 
horizontal well is simply a horizontally cased well drilled 
into a mountain or hillside at a slight downward angle to 
tap impounded groundwater, or increase permeability (Welchert 
and Freeman, 1973).

Water well yields in crystalline rock are highly 
variable. This is the result of the water yield being con
trolled by the number of joints that are intersected by a 
particular well. The median yield for such wells in crys
talline rock is only 8 gpm. The optimum depth for such 
wells is 150 to 250 feet, because the chances of intersecting 
additional fractures in the rock below 300 feet is almost 
zero (Enslin, 1943).

For the most part, the metamorphic rock and granite 
in the study area can be considered as being impervious and 
serve only as avenues of runoff for precipitation. The study
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has not revealed any significant bedrock-contained ground- 
water basins in the central or northern part of the Carefree 
Ranch. In some areas the granites may retain some ground- 
water in alluvium-covered troughs in zones of deeper 
weathering, or zones of weathering along faults or inter
secting fractures.

Tertiary (?) Rocks
. The major area of Tertiary (?) rock is the layered 

volcanic sequency in the vicinity of Lone Mountain. Heindl 
(1965) stated that volcanic rock of this composition has a 
high degree of anisotropy of permeability, transmissivity, 
and hydraulic continuity. Water yields are related to the 
permeability produced as a result of interconnected primary 
voids, which are in turn related to the amount of jointing 
and fracturing. The basalts and tuffs in the sequence are 
moderately well jointed, but the resulting permeability is 
highly variable and cannot be accurately predicted.

Well logs from water wells just to the west of the 
ranch area disclose that volcanic rocks do exist at depth 
over a wide area, and thus probably interfinger with the 
basin sediments in that area. In this type of situation, the 
volcanic rocks may act as conduits which transmit water to 
groundwater reservoirs in the alluvial basin. The water 
wells in this area do not extend very far into the volcanic 
rocks, as the rocks are generally considered by the local
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well drillers to be impervious. The volcanic rocks are not 
totally impervious, as is shown by a well drilled in similar 
volcanic rocks approximately three miles southeast of the 
ranch house. This well encountered artesian water in frac
tured basalts at a depth of 204 feet (McDonald and Padgett, 
1946).

The layered volcanic rocks can be considered as a 
source of groundwater, although their true potential as a 
source can only be tested by drilling. The volcanic rocks 
remain untested due to the fact that more easily accessible 
and consistent sources of groundwater exist on the ranch in 
the form of the alluvial material.

Tertiary (?) intrusive rocks in the area are all 
well jointed, but they are, as a whole, considered to be 
impervious. One mine shaft in the larger Tertiary granitic 
plug is filled with water, but this is thought to be the 
result of runoff flowing into the open shaft, and not the 
result of permeability in the rock itself.

Quaternary Rocks
The greatest percentage of Quaternary alluvial 

material is located in the southern part of the ranch area, 
which forms the eastern portion of the Cave Creek-Carefree 
physiographic basin. This basin trends northwest-southeast 
and is bordered to the north and south by large-scale normal 
faults which are inferred from the gravity survey of that
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area. The basin in this area is interpreted as a graben-
like structure, typical of.other Basin-and-Range structures.
The entire Cave Creek-Carefree basin can be interpreted to
be the result of several normal faults, similar in structure
and orientation. The major structural basin appears to widen
and perhaps deepen to the southeast where the two major
faults in that area diverge.

The subsurface basement profiles based on an average
density difference of 0.30 g/cm , show a maximum depth of
slightly over 4,000 feet for the basin in the ranch area.
It is assumed that the average density difference decreases
with depth as a result of increasing induration of the
alluvium. The wet bulk density of the saturated alluvium
at depth is assumed to be slightly greater than the dry
density, thus decreasing the density contrast between the
alluvium and the bedrock. Consequently, a density differ-

3ence of 0.20 g/cm or less, may be a more accurate estimate 
of density contrast for use in the computation of the depth 
for the basin. Application of a density contrast of 0.20

qg/cm results in a depth approximation of 7,000 feet for the 
center of the basin.

It is possible to determine the volume of saturated 
sedimentary rocks and the volume of groundwater available 
from storage from the gravitationally determined anomalous 
mass of the basin in the ranch area. Several recent papers



(Davis, 1967; West, 1970; West and Sumner, 1972) present 
detailed discussions of the theory and methods involved.

To determine the volume of saturated sediments, the 
anomalous mass of the basin must first be determined. The 
anomalous mass occurs as a result of the density contrasts 
between the lower density alluvium and the higher density 
bedrock, which defines the surface and subsurface boundaries 
of the basin. The anomalous mass is detected by the gravity 
survey and determined by applying Gauss's theorem to the 
residual gravity map. Using the formula

2'TT GAM = Ag(x,y) dxdy ,

the anomalous massAM can be found by integrating the gravity 
effectAg(x,y) over the upper planer surface of the hemi
sphere, in this case, the ground surface. The surface inte
gral for the ranch area was calculated to be 0.108 gals mile
squared over an area of 2.06 miles. The anomalous mass was

5 2 2determined to be -1.3 x 10 g. mile /cm . It is a negative 
anomalous mass, or mass deficiency, because the alluvium 
density is less than the bedrock density.

To determine the volume of saturated sediments, the 
density contrasts between unsaturated and saturated alluvium 
and the bedrock, the area of the basin, and the depth to the 
water table must be known in addition to the anomalous mass. 
On the basis of the evidence presented in Chapter 2, the
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density contrast between the bedrock and the saturated allu- 
vium,Ayo, , was determined to be 0.30 g/cm but, as previous
ly mentioned in this chapter, a density contrast of 0.20 
g/cm may be a more realistic figure for the average density 
contrast. For this reason the volume of saturated sediments 
is determined for both density contrast values in order to 
obtain an estimated maximum and minimum value for the 
volume. The minimum value for the volume of saturated sedi
ments is obtained with the use of the density contrast fig-
ure of 0.30 g/cm , while the maximum value is derived from

3 3the 0.20 g/cm figure. A value of 0.70 g/cm is used for
the density contract, a y°z > between the unsaturated sediment
above the water table and the bedrock. This value was chosen
on the basis of detailed investigations by Wallace and
Spangler (1970), Hench (1968), and West (1970) who used this
value in their geophysical studies of similar alluvial
basins in southern Arizona. The average water table depth,
in this portion of the ranch, is 300 feet. The formula

V - aM-A/ihS ,
A/>,

is used to determine the volume of saturated sediments, V , 
from the anomalous mass, a M, the density contrasts,Ay, and 
A t h e  water table depth, h, and the surface area of the 
basin, S'. The result, of this calculation is a minimum 
volume of saturated sediments of 432,000 acre feet, and a 
maximum volume of 648,000 acre feet.
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A minimum storage coefficient value of 0.07 was 

calculated for the Carefree area by Manera (1974). The 
volume of groundwater available from storage can be cal
culated knowing this storage coefficient and the volume of 
saturated alluvium. The result of this calculation is an 
estimated minimum volume of 29,000 acre feet and a maximum 
volume of 45,000 acre feet of groundwater available from 
storage from the basin in the ranch area.

Recent stream channel alluvium is probably highly 
variable in thickness, however, in some washes such as 
Grapevine Wash, block faulting in the steeply dipping 
phyllites could produce long, linear, miniature basins in 
the stream channel. Such miniature basins would contain 
much thicker accumulations of alluvium than the stream 
channels caused only by erosion, and would thus have a 
higher potential groundwater supply.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Groundwater conditions vary considerably within the 
Carefree Ranch area. Crystalline rocks with relatively low 
potential water yields are contrasted by a high potential 
water yield in a deep, alluvium filled basin.

The area of lowest potential groundwater availability 
consists of almost all of the PreCambrian metamorphic rock 
and granite in the study area. The geologic mapping has not 
revealed any significant bedrock-contained groundwater 
basins in the central or northern part of the Carefree Ranch. 
The alluvium filled washes probably contain most of the water 
available from storage in this area, with minor amounts 
available from bedrock which is faulted or highly fractured.

Areas of moderate potential groundwater supplies are 
such rocks as the layered volcanics in the west-central por
tion of the ranch area, and possible fault-controlled "minia
ture" basins along the larger washes. The sandy tuffs and 
fractured basalts are both considered to be good potential 
aquifers.

The data collected for this study indicate that the 
area of highest potential for water development is in the 
alluvial material south of Lone Mountain. The geophysical
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data collected for this study reveal that the alluvial 
material in this area occupies a basin of considerable 
depth. The estimated depth of the basin in the. ranch area 
is between 4,000 feet and 7,000 feet, with the larger figure 
being the more reasonable of the two. Contained within the 
portion of the basin within the ranch area is an estimated 
maximum value of 45,000 acre feet of groundwater available 
from storage assuming a storage coefficient of 0.07. The 
larger portion of the geophysically inferred basin is out
side of the ranch boundaries and thus, due to hydrologic 
continuity, the total amount of water capable of being with
drawn from the ranch area, proper, may be significantly 
greater.

The composition and induration of these alluvial 
deposits within the basin varies and therefore so does the 
porosity and permeability. However, this material is the 
best potential aquifer in the entire ranch area. The entire 
southern portion of the ranch has high potential, but the 
western portion of the basin has significantly higher trans
missivity values than does the eastern section, and is thus 
considered to be the primary target for water development on 
the ranch.

In an effort to describe the differing groundwater 
conditions in the area, the author has produced a "Ground- 
water Availability Potential Map for the Carefree Ranch Area,
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Arizona" (Fig. 23, in pocket). The map attempts to delineate 
the various areas of differing groundwater potential. It is 
a synthesis of water well data, geophysical data, and, pri
marily, geological data and observations gathered in the 
field.

The boundaries of the areas delineated on the map 
are, of necessity, subjective, and approximate the areas of 
varying groundwater availability. A more detailed study of 
each individual area would be necessary in order to accurate
ly determine exact locations for future well sites.



APPENDIX A

DATA FOR WELLS IN THE CAREFREE RANCH AREA,
AND SELECTED WELL LOGS

Included in this appendix is a list of wells in the 
Carefree Ranch area (Table 2), and quality-of-water data 
(Table 3). Also included are the available well logs for 
the selected wells in the area (Table 4).
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Table 2
List of Selected Wells in the Carefree Ranch Area, Arizona

Well
Designation Location

Ground 
Elevation 
(in feet)

Depth to 
Water/Date 
(in feet)

Water Level 
Elevation 
(in feet)

Total Depth 
of Well 
(in feet)

W-A S E h NW% SW% sec. 30 
T.6N., R.5E.

2650 302/73 2350 1160

W-B SE% SE% SW% sec. 31 
T.6N., R.5E.

2690 224/69 2466 650

W-C NEJu NE^ NE^ sec. 33 
T.6N. , R.5E.

2956 450/74 2519 820

W-D NE% SEk NE^ sec.. 36 
T.6N. , R.4E.

2511 174/73 2327 730

W-E
(Windmill)

NE% SE^ NE^ sec. 30 
T.6N., R.5E.

2778

W-F
(Windmill)

SE% NE^ SW^ sec. 19 
T.6N. , R.5E.

2718

W-G
(Windmill)

NE3« NE% NŴ c sec. 18 
T.6N. , R.5E.

3005

W-H NW^ NW^ NEk sec. 32 
T.6N. , R.5E.

2810 310/74 2490 800

W-I
(Windmill)

NW% NŴ ; SE^ sec. 16 
T.6N., R.5E.

3244

W-J NW% SE^ NEJu sec. 36 
T.6N., R.4E.

2546 195/70 2351 710



Table 3
Quality-of-Water Data, Carefree Ranch Area, Arizona

Well and . 
Date of Analysis

W-A/73
W-C/72
W-F/73
(Windmill)
W-E/73
(Windmill)
W-B/70

T)
0) CO
> to

H  ^ <D
+J w o  e C
•h  e CO CM T)
>  r5 C0 CM

•H 0 •H ^ rd
•H O W E
O 0 CO 3
0  ^ H  n j H •H  ^

TJ 0 rd *H *d e o  E
G #H -H H •H CM H  A
O 6 O O 0  CM id a

U  w H  CO u  ^

400 280 176 47
- 400 232 72
680 476 290 103

740 518 340 106

340 238 172 58

0)•pE 0) rd3 •H c•H fd oCO E c A
Q ) Z -N 3 ̂ o Cl ̂C E •H E A  e fd 6bO A •O A P CM a cmid A O A fd CM •H CME  ̂ CO v O  V P Q  ^

13 61 0 259
12 77 0 258
7 109 0 383

17 102 0 429

7 10 0 182

0) a) <D
T) 0) p•H p fd •H
U ̂ rd z-n E ̂ U *2
o e <p 6 p E o srH CM rH CM U CM d CMrC CM d CM X  CM H  AO CO O  n-z p-| N-Z

39 34 . 02 1.20
70 34 .01 1.30
53 85 0 3.00

74 95 0 1. 80

23 14 0 1.12
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Table 4

Selected Well Logs from the Carefree Ranch Area, Arizona

Well Designation
and Location____Rock Descriptions________ Thickness ' Depth

Well W-A 
SE% NWk SW%

No samples
Quartz sand with meta-

115 115
sec. 30 morphic material 95 210
T.6N. , R.5E. Conglomerate

Quartz sand and feldspar.
75 285

subangular, some schist 410 695
Gravelly clay 
Quartz and feldspar gravel 

with 75% volcanic
15 710

fragments
Clay cemented conglomerate

150 860
quartz and feldspar 20 880

Sandy, brown tuff 120 1000

Well W-B
Clay cemented conglomerate 
Clay and decomposed

120 1120

SE% SE^ SW% 
sec. 31

granite
Decomposed granite with

45 45
T.6N. , R. 5E. traces of clay 605 650
Well W-C Top soil 75 75
NE% NEJc NE% Hard pan (Caliche) 85 160
sec. 33 Ranch formation 55 215
T.6N., R.5E. Boulder ledge 5 220

Firm fill 45 265
Quartz rock ledge 10 275
Fill, firm 10 285
Rock ledge 5 *290
Fill 50 340
Gravel, water pocket 1 341
Fill with hard ledges 99 440
Rock ledge
Conglomerate with clay

8 448
balls 32 480

Gravel, water 
Fill with hard ribs

3 483
31 514

Rock ledge 4 518
Fill with hard ribs 40 558
Rocks 6 564
Fill with hard ledges 16 780
Sand and gravel
Sand and gravel seams with

. 3 783
hard ribs 37 820
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Table 4— continued

Well Designation
and Location Rock Descriptions Thickness Depth

Well W-J Top soil 
Dirt and rock

8 8
NW% SE% NE% 37 45
sec. 36 Conglomerate 90 135
T.6N. , R.4E. Decomposed granite 575 710



APPENDIX B

PUMPING TEST DATA FOR WELL W-A AND WELL W-C

Pumping tests were conducted on well W-A on December 
7, 1973, and on well W-C on January 18, 1974. Both tests 
were conducted by Manera and Associates, Inc. Included in 
this appendix are the data collected during the pumping test 
of well W-A (Table 5), and well W-C (Table 6).
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Table 5
Pumping Test Data for Well W-A

Time Time
Since Since
Pumping Pumping

Discharge Pumping Residual Started Stopped
Date and (Q) Level Drawdown (t) (t«) , ,
Time <KPm) (feet) (feet) (minutes) (minutes) t/t * Remarks

12/7/73
1243
1248
1250
1251
1252
1253
1255
1256
1257
1258
1259
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312

301.7
301.7 

266 344.6
295.0
409.6
426.1
439.5
450.0 
456.3
461.1
465.5
469.5
472.7
476.0
480.1
485.2
489.0 
491.9
495.0
498.3
500.3 
501.2
506.1
498.6

0
0 0

32.9 2
83.3 3

107.9 4
123.4 5
137.8 7
148.3 8
154.4 9
169.4 10
163.8 11
165.8 12
171.0 13
174.3 14
178.4 15
183.5 16
187.3 17
190.2 18
193.3 19
196.6 20
198.6 21
199.5 22
204.4 23
196.9 24

SWL = 301.7 
Pump started

Dec. Q = 140
150



Time
1316
1317
1318
1325
1330
1335
1340
1345
1350
1400
1415
1420
1435
1450
1505
1535
1605
1635
1700
1730
1800
1830
1900
1950
2000

Table 5— continued
Test Data for Well W-A
Time
Since
Pumping

Discharge Pumping Residual Started 
CQ) Level Drawdown (t)

(gpm)_____ (feet) (feet) (minutes)

Time
Since
Pumping
Stopped
(minutes) t/t' Remarks

155 491.3
160 486.5
155 484.8

479.1
480.0
480.0 
480.5

152 481. 3
482.0
485.1
487.0
486.0 
487.8

135 491.3 
489.2 
491.1
492.4

144 494.4
494.0
494.6

155 499.0
177 496.6

496.7
498.8 
498.3

189.6 28
184.8 29
188.1 30
177.4 37
178.3 42
178.3 47
178.8 52
179.6 57
180.3 62
183.4 72
185.3 87
184.3 92
186.1 107
189.6 122
187.5 137
189.4 167
190.7 197
192.7 227
192.3 252
192.9 282
197.3 312
194.9 342
195.0 372
197.1 402
197.6 432

Q = 115 to 120 •

CDO



Time
2030
2100
2130
2200
2230
2300
2330
2400
8/73
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700

Table 5— continued 
Pumping Test Data for Well W-A

Time Time
Since Since
Pumping Pumping

Discharge Pumping Residual Started Stopped
(Q) Level Drawdown (t) (t’)

(gpm)_____ (feet) (feet) (minutes) (minutes) t/t' Remarks
143 497.3 195.6 462

499.6 198.9 492
153 499.8 198.1 522
160 500.0 198.3 552
153 501.7 200.0 582
148 502.0 200.3 612

500.4 198.7 642
501.6 199.9 672
501. 7 200.0 702502.3 200.6 732

150 502.3 200.6 762
150 503.0 201.3 792
147 502.6 200.9 822
151 503.0 201. 3 852
151 502.8 201.1 882
151 504.5 202.8 912
152 505.7 204.0 942

505.0 203.3 972
505.7 204.0 1002

153 . 306.8 205.1 1032
153 507.0 205.3 1062
143 506.9 205.2 1092

507.9 206.2 1122
507.8 206.1 1152

<T>H



ite a
Time
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1930
2000

Table.5— continued
Pumping Test Data for Well W-A

Discharge Pumping Residual 
(Q) Level Drawdown

(gpm)____ (feet) (feet)

Time
Since
Pumping
Started

(t)
(minutes)

Time
Since
Pumping
Stopped(f)
(minutes) t/t' Remarks

507.9 206.2 1182
508.0 207.3 1212
526.9 225.2 1242 Pump shut off

134 504.6 202.9 1272 for approx 3
134 506.0 204.3 1302 min. 9:25 to
141 506.3 204.6 1332 9:28. Started

503.8 202.1 1362 back up and
503.6 201.9 1392 approx. gpm =
503.2 201.5 1422 150 by 9:30
502.5 200.8 1452

146 501.9 200.2 1482
502.7 201.0 1512
504.4 202.7 1542

150 504.7 203.2 1572
504.3 202.5 1602
508.3 206.6 1632

143 506.3 204.6 1662
508.4 206.7 1692
507.8 . 206.1 1722

153 508.4 206.7 1752
153 508.2 206.5 1782
146 508.8 207.1 1812
146 507.3 205.6 1842
146 507.4 205.7 1872



Table 5— continued
Pumping Test Data for Well W-A

Time
Since
Pumping

Date and 
Time

Discharge
(Q)(gpm)

Pumping
Level
(feet)

Residual
Drawdown
(feet)

Started 
(t)

(minutes)
2030 150 506.3 204.6 1902
2100 505.1 203.4 .1932
2130 506.3 204.6 1962
2200 506.3 204.6 1992
2230 148 506.7 205.0 2022
2300 150 505.4 203.7 2052
2330 150 505.1 203.4 2082
2400 152 505.3 203.6 2112

12/9/73
0030 152 505.5 203.8 2142
0100 152 506.4 204.7 2172
0130 146 506.1 204.4 2202
0200 506.1 204.4 2232
0230 507.2 205.5 2262
0300 505.8 204.1 2292
0330 142 506.2 204.5 2322
0400 142 506.7 205.0 2352
0430 148 508.3 206.6 2382
0500 507.8 206.1 2412
0530 507.8 206.1 2442
0600 507.5 205.8 2472
0630 145 507.2 205.5 2502
0700 145 507.5 205.8 2532
0730 145 507.8 206.1 2562
0800 145 507.9 206.2 2592

Time
Since
Pumping
Stopped(f)
(minutes) t/t' Remarks



Date
__Ti
0830
0900
0930
1000
1006
1030
1100
1130
1230
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315

Table 5— continued
Pumping Test Data for Well W-A

Discharge
CQ>(gpm)

Pumping
Level
(feet)

Residual
Drawdown
(feet)

Time 
Since 
Pumping 
Started 

(t)
(minutes)

Time
Since
Pumping
Stopped

(t»)
(minutes) t/t'

150 508.1 206.4 2622
156.67 508.1 206.4 2652
150.1 507.0 205.3 2682

508.1 206.5 2712
144.44 2718
152.0 506.3 204.6 2742

506.5 204.8 2772
507.1 205.3 2802
507.0 205.3 2862

2892 0
2893 1 2893408.0 2894 2 1447

394.0 2895 3 965
385.7 2896 4 724
378.7 ' 2897 5 579

- 369.3 2898 6 483
367.0 2899 7 414
363.7 2900 8 363
358.5 2901 9 322
354. 8 2902 10 290
352.7 2903 11 264
348.9 2904 12 242
347.5 2905 13 223
345.9 2906 14 208
342.9 2907 15 194

Remarks

Pump shut off 
Missed

CT)4r



Time
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1335
1340
1345
1350
1355
1400
1415
1430
1445

Table 5— continued
Pumping Test Data for Well W-A

Discharge
(Q)(gpm)

Time Time
Since Since
Pumping Pumping

Pumping Residual Started Stopped
Level Drawdown (t) (f)
(feet) (feet) (minutes) (minutes) t/t*
341.3 2908 16 182
340.7 2909 17 171
340.0 2910 18 162
339.2 2911 19 153
338.20 2912 20 146
337.30 2913 21 139
336.60 2914 22 132
336.00 2915 23 127
335.60 2916 24 122
334.30 2917 25 116
333.90 2918 26 112
332.90 2919 27 108
331.70 2920 28 . 104
331.35 2921 29 101
331.00 2922 30 97
330.00 2927 35 84
329.45 2932 40 73
328.70 2937 45 65

— 2942 50 59
327.40 2947 55 54
325.60 2952 60 49
324.60 2967 • 75 40
321.90 2982 90 33
321.50 2997 105 29 O)

cn



Time
1500
1530
1600
1630
1700
1730
1800
1830
1900

Table 5— continued
Pumping Test Data for Well W-A

Time Time
Since Since
Pumping Pumping

Discharge Pumping Residual Started Stopped
(Q) Level Drawdown (t) (t')

(gpm)_____ (feet) (feet) (minutes) (minutes) t/t1 Remarks
320.00 3012 120 25
319.10 3042 150 20
318.90 3072 180 17
317.65 3102 210 15
316.95 3132 240 13
316.45 3162 270 12
316.00 3192 300 11
315.90 3222 330 10
314.8 3252 360 9

CD
CD

[



Time
18/7
1425
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450

Table 6
Pumping Test Data for Well.W-C

Time
Since
Pumping

Discharge Pumping Residual Started 
(Q) Level Drawdown (t)

(gpm)_____ (feet) (feet) (minutes)

Time
Since
Pumping
Stopped(f)
(minutes) t/t1 Remarks

454.8
454.8

0
0 0

480.2 25.4 1
489.7 34.9 2
497.7 42.9 3
504.0 49.2 4
507.9 53.1 5
510.5 55.7 6
513.8 59.0 7
516.6 61.8 8
517.7 62.9 9
520.0 65.2

10
11

522.3 67.5 12
524.5 69.7 13
526.5 71.7 14
528.8 74.0 15
530.4 75,6 16
532.0 77.2 17
534.5 79.7 18
536.3 81.5 19

20

SWL
Turned on pump

70 psi back 
pressure 
Turned down Q 
pressure to 55



Table 6— continued
Pumping Test Data for Well W-C

Discharge 
Date and (Q)

Time_____ (gpm)

Time Time
Since Since
Pumping Pumping

Pumping Residual Started Stopped
Level Drawdown (t) (t1)
(feet) (feet) (minutes) (minutes) t/t' Remarks

1451 537.2 82.4
1452 538.7 83.9
1453 539.8 85.0
1454 542.6 87.8
1455 546.1 91.3
1456 — —
1457 548.3 93.5
1458 550.6 95.8
1459 553.2 98.4
1500 555.5 100.7
1505 562.0 107.2
1510 567.0 112.2
1515 570.8 116.0
1520 573.5 118.7
1525 576.6 121.8
1530 578.0 123.2
1540 579.9 125.1
1550 581.4 126.6
1600 50.5 583.0 128.2
1615 586.8 132.0
1630 589.9 134.2
1645 590.7 135.9
1700 592.0 137.2
1715 593.0 138.2
1730 594.0 139.2

21
22
23
24
25
26
27
28
29
30 
35 
40 
45 
50
55 36 psi
60 
70 
80 
90 

105 
120 
135
150 28 psi
165
180



Time
1745
1800
1830
1900
1930
2000
2030
2100
2130
2200
2230
2300
2330
2400
9/74
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500

Table 6— continued
Pumping Test Data for Well W-C

Time
Since
Pumping

•Discharge Pumping Residual Started 
<Q) Level Drawdown (t)
(gpm)_____ (feet) (feet) (minutes)

Time
Since
Pumping
Stopped(f)
(minutes) t/t* Remarks

595.2
595.0
597.6

. 50.9 599.0
600.8
602.0
603.7
604.3 
606.0

50.9 607.2
607.9
608.9
609.7
610.3
611.2 

50.0 611.9
612.5
613.2
613.6
615.8
615.0 

50.5 615.0
615.0
615.3

140.4 195
141.2 210
142.8 240
144.2 270
146.0 300
147.2 330
148.9 360
149.5 390
151.2 420
152.4 450
153.1 480
154.1 510
154.9 540
155.5 570
156.4 600
157.1 630
157.7 660
158.4 690
158.7 720
161.6 750
160.2 780
160.2 810
160.2 840
160.5 870

28 psi

24 psi

20 psi -

20 psi



Time
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1431
1432
1433
1434
1435

Table 6— continued
Pumping Test Data foi? Well W-C

Time Time
Since Since
Pumping Pumping

Discharge Pumping Residual Started Stopped
(Q) Level Drawdown (t) (f)

Cgpm) (feet) (feet) (minutes) (minutes) t/t* Remarks
616.0 161.2 900
616.2 161.4 930
616.5 161.7 960

50.0 616.8 162.0 990 20 psi
617.1 162.3 1020
617.4 162.6 1050
617.9 163.1 1080
618.1 163.3 1110
618.2 163.4 1140

50.0 618.6 163.8 1170 2 0 psi
618. 7 163.9 1200
619.0 164.2 1230
619.4 164.6 1260
619.8 165.0 1290
620.0 165.2 1320

50.0 620.4 165.6 1350 20 psi
620.5 165.7 1380
620.8 166.0 1410

50.0 621.2 166.3 1440 0 Valve off
Pump off

587.1 132.3 1441 1 1441
570.7 115.9 1442 2 721
557.9 103.1 1443 3 481
553.0 98.2 1444 4 361
547.7 92.9 1445 5 289

/



Table 6— continued
Pumping Test Data for Well W-C

Date and 
Time

Discharge
(Q)(gpm)

Pumping
Level
(feet)

Residual
Drawdown
(feet)

Time
Since
Pumping
Started

(t)
(minutes)

Time 
Since 
Pumping 
Stopped 

(t')
(minutes) t/t1 Remarks

1436 543.8 89.0 1446 6 241
1437 539.8 85.0 1447 7 207
1438 5 36.3 81.5 1448 8 181
1439 532.9 78.1 1449 9 161
1440 529.4 74.6 1450 10 145
1441 525.5 70.7 1451 11 132
1442 523.3 68.5 1452 12 121
1443 521.3 66.5 1453 13 112
1444 519.1 64.3 1454 14 104
1445 517.1 62.2 1455 15 97
1446 515.2 60.4 1456 16 91
1447 513.2 58.4 1457 17 86
1448 511.5 56.7 1458 18 81
1449 509.0 55.1 1459 19 77
1450 508.3 53.5 1460 20 73
1451 507.3 52.5 / 1461 21 70
1452 506.1 51.3 1462 22 66
1453 504.9 50.1 1463 23 64
1454 503.7 48.9 1464 24 61
1455 503.2 48.4 1465 25 59
1456 501.9 47.1 1466 26 56
1457 501.2 46.4 1467 27 54
1458 500.4 45.6 1468 28 52
1459 499.7 44.9 1469 29 51
1500 499.4 44.6 1470 30 49



Table 6— continued
Pumping Test Data for Well W-C

Date and 
Time

Discharge
(Q)(gpm)

Pumping
Level
(feet)

Residual
Drawdown
(feet)

Time
Since
Pumping
Started

(t)
(minutes)

Time
Since
Pumping
Stopped

(t‘)
(minutes) t/t' Remarks

1505 497.7 42.9 1475 35 42
1510 495.2 40.4 1480 40 37
1515 492.7 37.9 1485 45 33
1520 491.3 36.5 1490 50 30
1525 489.0 34.2 1495 55 27
1530 488.2 33.4 1500 60 25
1540 485.8 31.0 1510 70 22
1550 483.7 28.9 1520 80 19
1600 482.4 27.6 1530 90 17
1615 480.9 26.1 1545 105 15
1630 479.6 24.8 1560 120 13
1645 478.7 23.9 1575 135 12
1700 478.0 23.2 1590 150 11
1715 477.2 22.4 1605 165 10
1730 476.3 21.5 1620 180 9
1745 475.8 21.0 1635 195 8
1800 475.3 20.5 1650 210 8
1815 474.8 20.0 1665 225 7
1830 474.3 19.5 1680 240 7
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THE CAREFREE RANCH AREA
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FIGURE 16

RESIDUAL GRAVITY MAP OF

THE CAREFREE RANCH AREA
MARICOPA COUNTY, ARIZONA
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FIGURE 19

MAGNETIC INTENSITY MAP OF

THE CAREFREE RANCH AREA
MARICOPA COUNTY, ARIZONA
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FIGURE 23

GROUNDWATER AVAILABILITY 

POTENTIAL MAP OF 

THE CAREFREE RANCH AREA
MARICOPA COUNTY, ARIZONA 
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