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PREFACE

In May 1973» the Arizona State Legislature enacted a bill 

ARS 45-513 which requires that developers intending to subdivide land 

for building purposes submit plans for a water supply to the Arizona 

Water Commission (A.W.C.). The bill rules that the plans must describe 

the source and demonstrate the adequacy of the water supply for the 

future needs of the subdivision. The plans must also evaluate the im

pact of the anticipated demand on the source of the supply. Only after 

the water plans are approved by the A.W.C. can a plat permit to sub

divide be issued by the State Real Estate Commission.

In early 19731 Carefree Developers, Inc. proposed to develop a 

9,400-acre cattle ranch that borders the central Arizona town of Care

free on the east. The ranch was envisioned to be a modern, planned 

community complete with 10,500 dwelling units for 25,000 residents and 

with facilities for commercial and institutional services. The imple

mentation period for complete development was anticipated to be 11-16 

years.

At this time, the Carefree area, which includes the community 

of Cave Creek, had only 3,000 residents. All water was supplied by low 

productivity wells dug into the physiographic basin in which the two 

communities are located.

Pursuant to ARS 45-513, Carefree Developers submitted hydro- 

logical data gathered by H. J. Thiele (1958) to the A. W. C. in order
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to secure approval for their development plan. Later, in 1973» a team 

of technical consultants was retained by Carefree Developers to gather 

and interpret all pertinent geological and hydrological data of the 

basin and bordering mountains. These data included gravity and magnetic 

measurements, geologic mapping, and an inventory of data on all water 

wells drilled in the basin. The purpose of the study was to obtain 

the information needed to prove the existence of a viable water supply 

of the magnitude required by the projected development of the Carefree 

Ranch.

A number of technical reports describing various aspects of the 

hydrogeologic setting of the basin were submitted to Carefree Develop

ers in 1974. In general, the conclusion of the reports was that the 

basin is deeper than previously thought and that substantial water 

resources with maximum theoretical yield of 1,550,000 acre-feet exist 

in the basin.

Activity since 1975 has been centered on strengthening the 

hydrological evidence pointing to large water supplies in the basin.

In December 1978 a water well was drilled to 1500 feet near the center 

of the basin. It did not encounter bedrock and is capable of producing 

500 gallons/minute for sustained periods from 220 feet of perforated 

interval.

First and foremost, the contributions of Dr. John S. Sumner, 

Professor of Geosciences, The University of Arizona, must be gratefully 

acknowledged. He suggested the project and his comments, criticisms, 

and assistance were truly invaluable. Without his tireless cooperation



and encouragementt this study, written in absentia, could not have been 

completed.

Several people contributed data that were significant to the 

study. Mr. Paul Manera, Consultant, supplied copies of his reports on 

the hydrology of the Carefree Ranch area. Mr. Phillip Briggs, Arizona 

Water Commission, reviewed the A.W.C. position on the Carefree Ranch 

water problem and furnished copies of pertinent reports. Mr. Kenneth 

Koenen, Consultant, gave the principal facts for his gravity data of 

the area. Mr. Joseph Bernier, Carefree Developers, Inc., provided 

access to the area and discussed the productivity of existing water 

wells on the Carefree Ranch. He also supplied copies of consultants’ 

reports done prior to this study and offered encouragement throughout 

the study.

Dr. Carlos L. V. Aiken, University of Texas, criticized the 

study and explained the Fourier Analysis technique. His excellent work 

on processing the original gravity data on which this study is based 

is gratefully recognized.

The cooperation of the Department of Geosciences, University 

of Arizona, in granting an extension to allow completion of the study 

is sincerely appreciated.

I also wish to thank the members of my committee, Dr. Kenneth 

Zonge, and Dr. John Harshbarger, who has consulted on the Carefree 

Ranch project since its inception in 1973«

Finally, my thanks to Dawn, my wife, for her patience, under

standing and efforts over the many years, and to my daughter, Lauren, 
born in the middle of the study, who nonetheless aided in its comple
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ABSTRACT

Detailed gravity and ground magnetic intensity surveys were 

conducted in the Cave Creek-Carefree area, Maricopa County, Arizona, 

to define the extent of a subsurface structural basin and te determine 

the volumes of water available from storage in the basin-fill sedi

ments. Depth-to-bedrock contour maps were prepared for density con

trasts of 0.15 gm/cm^ and 0.25 gm/cm^. The basin-fill materials are 

locally derived conglomerates, sands, silts, and clays that act as one 

aquifer that is characterized by rapid changes in porosity, permea

bility and lithology.

Residual gravity data were modeled by computer using an iter

ative two-dimensional modeling program. Modeling results reveal a 

basin trending N 70°W that is bounded by steeply dipping faults. The 

surface area of the basin is approximately 10,000 acres and reaches a 

maximum depth of 9,000 feet. The estimates of the volume of sediment 

filling the basin range from 22 to 40 million acre-feet. Using a 

minimum storage coefficient of 5#, the water yield of the basin is 0.6 

to 1.2 million acre-feet.

Two potential water well locations are suggested to test the 

results of the geophysical modeling techniques and to evaluate the 

reservoir characteristics of the basin-fill.

x



CHAPTER 1

INTRODUCTION

This paper is part of a comprehensive scientific effort de

signed to evaluate the adequacy of the groundwater supply of the 

Carefree-Cave Creek area of central Arizona. The area is entirely de

pendent on local groundwater sources for its water supply. For this 

reason, all geologic features that may control groundwater occurrence 

must be examined and described. Specifically, geological and geophysi

cal data have been obtained and interpreted to provide an analysis of 

the hydrogeological setting of the study area. The main intent of this 

writing is to review and summarize previous reports and to extend the 

understanding of the problem by providing additional data and interpre

tations.

Geographic Setting

The Carefree-Cave Creek area is located approximately 28 miles 

north of Phoenix in Maricopa County, Arizona. The area can be reached 

from Phoenix via Scottsdale Road or from Interstate 1? via the Carefree 

Highway (Fig. 1). The area is readily accessible to the large shopping 

centers and main business districts of metropolitan Phoenix and thus it 

is a popular area with businessmen who desire to live away from the 

Phoenix area and commute to jobs.

1
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Figure 1. Location map for the Cave Creek Basin, Maricopa County, 
Arizona.
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Physiography

The two communities —  Cave Creek and Carefree —  occupy a 

small physiographic basin that trends northwest and measures a maximum 

of 2 miles wide by 7 miles long. This basin provides the bulk of the 

water supply and it is surrounded by essentially impermeable hardrock 

boundaries. The area is within the Cave Creek-New River drainage basin 

which is a component of the larger Salt River watershed.

The area has hot, dry summers with maximum temperatures exceed

ing 100°F and mild winters characteristic of the central Arizona desert. 

Annual rainfall averages only 13 inches with much of it occurring 

during July and August thunderstorms. The only streams in the area 

are ephemeral, such as the Rowe and Grapevine washes.

Vegetation belongs to the Arizona Upland subclass of the 

Sonoran desert biome. Typical flora include the saguaro, prickly pear 

and cholla cactus, and the mesquite, palo verde, and creosote bush.

Land surface altitudes range from almost 5,000 feet in the 

northern, mountainous area to 2*100 feet on the desert floor near the 

two towns. Distinctive topographic features include Black Mountain 

(3,398 feet) and Lone Mountain (3,372 feet).

Previous Studies

Before 1973, very few comprehensive studies have been directed 

toward the Carefree area. Lewis (1920) discussed the geology and ore 

deposits of the Cave Creek mining district in detail and Wilson, Moore 

and Peirce (1957) provided basic geologic information on the region. 

Hydrogeological features were examined by Thiele (1958) who conducted
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an electrical resistivity survey of part of the basin. McCloskey 

(1971) researched the geologic setting of many water wells in the Care

free Ranch area and estimated volumes of water available for develop

ment.

Since 1973 a number of excellent technical reports on the 

Carefree Ranch have been prepared for Carefree Developers, Inc. by 

consultants. Manera (1973, 1974a, 1974b, 1974c, 1978) provides per

tinent hydrological information including well tests, aquifer param

eters, and water-use calculations. Sumner and Boyer (1973) and Boyer 

(1974a, 1974b) mapped the surface geology of the Carefree Ranch area 

and evaluated its hydrogeological setting. Sumner, Schmidt and Aiken 

(1974) analyzed a detailed gravity survey of the basin to aid in the 

interpretation of the geological and hydrological data. This report 

also estimates quantities of water in storage in the basin.

A recent report was prepared by Arizona Water Commission hydrol 

ogists Nemecek and Briggs (1975) who utilized a two-dimensional (plan- 

view) electrical digital model to simulate the basin hydrology and to 

evaluate the adequacy of the water supply of the Carefree Ranch. In 

this type of model, depths are simulated by distorting the surface 

hydrologic parameters. Their work, in part, is based upon the above- 

mentioned consultants' reports.



CHAPTER 2

GENERAL GEOLOGY AND GEOPHYSICS

This chapter presents a description of the regional and local 

geology of the Carefree-Cave Creek area. A generalized description is 

given of the rock units and geologic structures. Also, regional geo

physical data are reviewed.

Regional Setting

The regional tectonic setting of the area was studied using 

the gravity maps of Aiken (1976), Aiken, Schmidt and Sumner (1976), 

West and Sumner (1973), and Peterson (1968). The Residual Aeromag- 

netic Map of Arizona (Sauck and Sumner 1970) was also utilized. The 

Geologic Map of Arizona (Wilson, Moore and Cooper 1969) proved in

valuable as did images of central Arizona from NASA’s Skylab and 

Landsat spacecraft. The purpose of this part of the project was to 

analyze regional and near-regional structural features and geophysical 

trends and relate them to the local geology of the Carefree-Cave Creek 

basin. In this chapter the term basin means a physiographic basin and 

the descriptions ’’Carefree basin’’ or "Cave Creek basin" refer to the 

same feature.

The area is located in the northeastern boundary of the Basin 

and Range tectonic province but it has been included in the Colorado 

Plateaus province by some workers. Figure 2 shows recently proposed

5
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Figure 2. Proposed boundaries between the Basin and Range and 
Colorado Plateaus provinces in Arizona.
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boundaries relative to the position of the study area. Hayes (1969) 

based a division on physiography and describes his Sonoran Desert sec

tion of the Basin and Range province as composed of northwest-trending 

mountains separated by desert plains, the mountains comprising less 

than 2995 of the total area of the section. The Tonto section of the 

Colorado Plateaus province is characterized as a geologically uncompli

cated area with deeply dissected mountain ranges. The Tonto section is 

usually considered transitional Basin and Range by other workers.

Heindl and Lance (i960, p. 16) describe the Colorado Plateaus as char

acterized by relatively flat-lying Paleozoic and Mesozoic rocks whereas 

these rocks in the Basin and Range are largely eroded and Tertiary 

deposits lie directly on PreCambrian rocks. The division of Wilson 

and Moore (1959) was based on geologic structure and they, along with 

Fenneman (1931) consider the Mogollon Rim to be the province boundary. 

Warren (1969) analyzed the crustal of central Arizona using seismograms 

from a refraction survey. His conclusions support the concept that the 

Rim is the boundary. West’s (1972) analysis of Bouguer anomaly gradi

ents shows that the Basin and Range is characterized by high gradients 

whereas those of the Colorado Plateau are considerably less in magni

tude. West defines the province boundary as a line delineating the 

northern limit of alluvial basins that have associated residual anomaly 

lows of -lOmgals or less since such gravity lows are characteristic of 

the Basin and Range province.

The Basin and Range is composed of broad alluvium-filled basins 

bordered by north-northwest trending fault-block mountain ranges. The 

structural pattern is a result of large-scale movement along
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predominantly northwest-trending faults during middle and late Tertiary 

time. Extensive erosion accompanied the uplifting of the mountain 

blocks and caused filling of adjacent valleys. Large scale volcanism 

occurred concurrently with the faulting and resulted in substantial 

accumulations of basalts, tuffs, and agglomerates. Erosion of the vol

canic s provided additional material for the alluvial fill. Erosional 

remnants of the volcanic deposits are present in the Carefree area.

Structural Geology of the Carefree Area

The main mountain blocks around Carefree consist of Precambrian 

granites, phyllites, and schists. Boyer (1974a) reports that these 

rocks are equivalent to the Yavapai Series of west-central Arizona 

which is age-dated at 1.75 billion years. The Carefree-Cave Creek 

basin is filled with mid-Tertiary to Holocene sediments which include 

conglomerates, silts, sands, and gravels.

In general, the Cave Creek area is dominated by the northwest 

trend that is typical of the Basin and Range tectonic pattern in Ari

zona. This trend is interrupted by a northeast trend observed in 

aeromagnetic data near the northwestern end of the basin. The main 

physical elements comprising the northwest grain are the basin, its 

bordering faults, Black Mountain, and a lineament noted in space photo

graphs along the northern edge of Black Mountain. Northeast elements 

are lithologic contacts of Precambrian rocks, faults, and joint pat

terns (Fig. 3i and Fig. 4 in pocket).

The synoptic view of Landsat multispectral scanner images 

permits a comparison of the Cave Creek basin with other, similar fea

tures in central Arizona. The relatively small size of the basin and
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Figure 3. Geologic setting of the Cave Creek basin.
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its isolation from the broad alluvium-filled areas to the south, such 

as Paradise Valley, is very apparent in the space images. Black Moun

tain, which separates the Cave Creek basin from Paradise Valley, is the 

northernmost of a series of outcropping PreCambrian rocks that form an 

en echelon pattern in the valley north of Phoenix.

The lineament noted on the north side of Black Mountain can be 

observed on different space photographs (Skylab S190A and S190B camera 

systems) to extend southeasterly towards the McDowell Mountains. The 

lineament is particularly noticeable near a dark area in the typically 

light-reflectance granitic terrain of the McDowells. Analysis of the 

high resolution S190B photography shows that the dark area is probably 

an outcrop of basalt. The lineament may represent a fault or shear 

zone that is continuous from Black Mountain to the McDowell Mountains. 

The lineament corresponds to the southwest edge of the Cave Creek basin.

The aeromagnetic survey that was analyzed (Sauck and Sumner 

1970) was flown at altitudes of 9,000 and. 11,000 feet with 

flight-line spacings of 3 miles. This analysis takes into account 

only the steep, short-wavelength anomalies (and therefore of shallow 

origin) and not the large-scale anomalies which are related to very 

deep sources within the earth’s crust.

In general, the aeromagnetic map does not resolve the presence 

of a deep northwest-trending basin in the Cave Creek area. A closed 

anomaly of relatively high residual magnetic intensity (5507) dominates 

the map southeast of the basin. The anomaly is elongate in both north

east and northwest directions. It is centered over the west flank of 

the McDowell Mountains and extends onto the alluvium between the
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McDowells and Black Mountain. This positive magnetic anomaly is prob

ably related to the two granitic bodies and the presence of the anomaly 

over the alluvium suggests continuity of granite beneath the alluvium. 

The northwest elongation of this positive magnetic anomaly parallels 

the lineament discussed previously and the northeast elongation coin

cides with the southerly termination of the lineament.

A narrow, north-south oriented magnetic anomaly exists east of 

the McDowell Mountains and is centered over the Verde Valley. This is 

a relatively low magnetic intensity anomaly and is related to the 

presence of thick, nonmagnetic valley-fill. This valley is interpreted 

to be deep, relative to the altitude of the survey, and may be a fault 

controlled valley. Paradise Valley, southwest of Carefree, is also 

characterized by anomalies of low magnetic intensity.

A short wavelength anomaly trending northeast cuts across the 

Cave Creek basin at its northwestern end. The anomaly is relatively 

low in value (100 y) and is located approximately over outcropping Pre- 

cambrian phyllitic rocks which are typically nonmagnetic. The presence 

of this anomaly, cross-cutting the northwest trending basin, suggests 

that the aeromagnetic data does not resolve the Basin and Range struc

ture completely in the Cave Creek area.

Only broad, large-scale features are observable on the Bouguer 

Gravity Anomaly Map of Arizona (West and Sumner 1973)• Near the Cave 

Creek area, the data do reflect a northwesterly grain that changes to 

northeasterly at the northwest end of the basin, correlating with a 

magnetic anomaly. The -105mgal contour line plots approximately co

incidental with the geographic axis of the basin with gravity values
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decreasing to the northeast. Since long wavelength anomalies dominate 

this map, any short wavelength anomalies that are due to low density 

alluvium-filled basins cannot be detected.

Aiken's (1976) analysis of long wavelength gravity anomalies in 

Arizona, using a residual Bouguer gravity anomaly map, indicates that 

the Cave Creek area is characterized by a residual Bouguer high. Aiken 

reports (1976, p. 110) that such highs correlate with certain geophysi

cal parameters such as low heat flow, high velocities, and a thin, 

low-velocity zone in the upper mantle. These are characteristics of a 

tectonically stable area.

An interpretation of Byerly and Stolt's (1977) data presents a 

conflicting opinion of the stability of the Cave Creek area. They show 

the area occurring in a zone of shallowing of the Curie isotherm. The 

shallow Curie depth is coincidental with low Pn velocities since both 

phenomena can be attributed to high temperatures in the crust. This 

suggests tectonic instability or at least recent tectonic activity.

The shallow Curie depth throughout Arizona coincides spatially with the 

northern margin of the Basin and Range province.

The area is relatively aseismic, but a tremor did occur in 1974 

near Continental Mountain northeast of the basin (Microgeophysics Corp. 

1974).

The tectonic significance of the two dominant trends that have 

been repeatedly observed has not been discussed. These two trends are 

widely recognized in Arizona (Schmitt 1966; Gay and Lewis 1971; Wertz 

1968). Gay and Lewis (1971« p. 19) report many occurrences of north

western trends abruptly truncated by sharp northeastern trends. These
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are manifestations of large-scale crustal fractures or other major 

structural elements. The truncation of one trend by another suggests 

an age relationship. Schmitt (1966) feels both trends are Precambrian 

in age and the northwest predates the northeast. Gay and Lewis (1971$ 

p. 18) attribute an absolute age to each trend: 1.7 billion years for

the northwest trend and 1.4 billion years for the northeast trend.

They correlate these dates with major tectonic orogenies: 1.7 b.y. is

the Arizonian orogeny and 1.4 b.y. is the Matzatzal orogeny.

It is interesting to note that the more recent Basin and Range 

orogeny (Tertiary), which probably formed the Cave Creek basin, is 

characterized by a northwest trend. Thus, Basin and Range tectonism 

was probably a rejuvenation along a pre-established structural grain.

Description of Rock Units

Figure 4 (in pocket) illustrates the general geology of the 

Cave Creek-Carefree area. Four principal rock units crop out in the 

area: Precambrian metamorphic and granitic rocks that form large block

mountains such as Black Mountain, Tertiary volcanic rocks which com

prise Lone Mountain, Quaternary volcanics that occur primarily in the 

west part of the basin, and Tertiary to Holocene basin-fill. The 

summary of outcropping rocks given here is taken mainly from Boyer's 

(1974a) description of the geology of the Carefree Ranch and geologic 

notes compiled during geophysical surveys.

Precambrian Rocks

The Precambrian rocks of the study area are phyllite, granite, 

and schist. The most commonly occurring phyllite is a light gray.
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very fine grained rock which forms the banks of many of the washes. A 

well indurated phyllite, typically dark brown in color, forms large, 

well-exposed outcrops.

There are two different types of granitic rocks: (1) a very

coarse-grained rock composed of quartz, potassium feldspar, and biotite 

mica; and (2) a medium-grained rock with pink feldspars. Both types 

are sources for the arkosic alluvium of the basin floor. The medium

grained rock is responsible for the red color of some of the soils. 

Minor schistosity occurs at the contact of the granites and phyllites.

The metamorphic rocks strike N.40eE and dip 75°-80e to the 

northwest. The dip is locally reversed, especially near fracture zones 

and lithologic contacts. Gold and silver mineralization in the area 

occurs predominantly in the phyllite in close proximity to intrusive 

bodies.

Tertiary Rocks

Evidence of once-extensive Tertiary volcanic deposits exist in 

the Cave Creek area. Elephant Mountain in the northwest and Lone Moun

tain near Carefree are particularly conspicuous erosional remnants. 

Volcanic rocks of the basin are predominantly extrusive basalts, tuffs, 

and breccias. They occur in a layered sequence which strikes N.30°W 

and dips 12®-l8® to the southwest.

The basalts are fine-grained and typically light gray on a 

fresh surface. Tuffs are interbedded within basalt flows and vary from 

welded tuffs to conglomeratic tuffs. These rocks are good marker beds 

because of their sequential position within the basalts and their color
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which varies from white to red depending on type. The thickness of 

individual basalt flows ranges from 2 to 150 feet.

The breccia is composed almost entirely of clasts of volcanic 

debris with some phyllitic material. Boyer (1974a, p. 15) reports that 

agglomerates and breccias are of limited areal extent.

Other rocks tentatively assigned to the Tertiary system are 

granitic to rhyolitic bodies that have intruded the Precambrian 

phyllite. These rocks occur as plugs and dikes. The granite in par

ticular is associated with mineralization in several localities near 

the Cave Creek area (Wilson, Cunningham and Butler 1967).

Quaternary Rocks

The floor of the physiographic basin is covered primarily with 

Quaternary sediments which vary from poorly cemented to unconsolidated 

conglomerates, stream gravels, and alluvium. Composition of these 

materials ranges from granitic debris to volcanic boulders to phyllitic 

clasts.

Unconsolidated alluvium and stream gravels cover the largest 

area in the basin and are very extensive south of Black Mountain. 

Arkosic debris and volcanic fragments are the primary constituents. 

Conglomerate is particularly widespread in the center of the basin 

north of the Cave Creek and Carefree communities. The conglomerate is 

poorly cemented and the most common component is phyllite detritus.

In places, this conglomerate was observed to lie directly on Tertiary 

volcanics.

Basalt flows and volcanic rubble occur in the western part of 

the study area and are probably Quaternary in age (Wilson, Moore and
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Cooper 1 9 6 9)• Based on geophysical data, these rocks define the north

western limit of the Cave Creek basin.

Subsurface Rock Units

The subsurface of the Cave Creek basin has been studied through 

the use of water well drillers' sample descriptions or logs. These 

records vary greatly in detail, accuracy, and completion. None of the 

wells in the area has been logged by a wireline logging tool of any 

type. The wells are generally shallow (200 to 300 feet) and the deep

est is 1500 feet. No wells in the center of the basin have penetrated 

basement which by geophysical analysis may be 9,000 feet deep.

Because of the scarcity of good quality subsurface information 

throughout the basin and the complex depositional pattern of sediments 

in the basin, designation and correlation of specific subsurface litho

logic units has not been attempted.

The material comprising the basin-fill is highly variable in 

composition, size, degree of sorting, and mode of deposition. All 

material is probably non-marine, being derived under arid to semi-arid 

conditions from nearby sourcerock and transported to the basin by high- 

gradient streams, volcanic activity, rockfalls, landslides, mudflows, 

and other modes of deposition characteristic of a high-relief con

tinental topography.

The subsurface of the northwest part of the basin is dominated 

by clays, conglomerates, and gravels. Volcanic fragments, metamorphic 

material, and quartz sand are the lithologies most commonly found. 

There is no consistency in the thickness or sequence of specific 

stratigraphic layers in this area.



In the center of the basin, clean sand comprises a large part 

of the basin-fill. A typical section is:

1. clean granitic sands and gravel O'-770’

2. clays and volcanic tuff 770'-108l'

3* granitic sands with interbedded conglomerates
and tuffs 108l’-1240‘

4. volcanic series, including flow material,
tuff and sand. 1240’-1490'

Most of the deep tests (1500 feet) bottomed in the volcanic series

although the lithologic log of a recent deep well (SW SW NW 31-6N-5E)

showed evidence of granitic sands at total depth in the well (Manera

1978).

The clean granitic sands comprise approximately 59# of the 

1500-foot drilled section in the well just described. The sands are 

typically light-colored, subangular to subrounded, with individual 

quartz grains ranging in size from 0.2 to 1.0 cm. Biotite is a common 

minor accessory mineral. Many of the clay and tuff sections are de

scribed as "sandy" which suggests that these sections are not as im

permeable as would be a pure clay or tuff. Furthermore, it has been 

shown (R. Eckis andP. L. K. Gross 1934) that clays derived from in situ 

weathering of granitic-type rocks experience less permeability loss 

than do water-borne clays. Thus the clays and tuffs of the Carefree 

basin-fill probably do not restrict reservoir characteristics as 

totally as do rocks of their type deposited under marine or freshwater 

lake conditions.

A plot of maximum grain size versus depth for the well in 

31-6N-5E indicates a decrease in grain size for the clean granitic
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sands occurring at approximately 500 feet drill depth. However, clean 

sands at 1120 to 2130 feet do not continue this fining-downward trend 

and grain sizes here are as great as those in sands at lesser depths. 

Thus, there is no evidence of a significant increase in compaction with 

depth and accompanying decrease in porosity.

The amount or thickness of volcanic rock in the basin is not 

known, but drillers' logs make some mention of "dacite," "lava," or 

"rhyolite" in all parts of the basin. Volcanic outcrops border the 

basin and volcanic detritus, ash beds, tuffs, and even flows are ex

pected in the depocenters of the basin. These rocks probably inter- 

finger with sands and conglomerates derived from the granitic and 

phyllitic highlands.

Until deeper wells are drilled in the basin, the nature of the 

basin-fill below 1500 feet is unknown. Based on geophysics, it is 

expected that as much as 7,500 feet of clays, sands, gravels, and 

volcanic rocks remain to be explored.

Structural Geology

The two dominate structural trends observed in the regional 

geological and geophysical data can also be detected in the local 

structural geology.

Two major joint sets, one striking N.60°E and one N.60°W, exist 

in the Precambrian granites. Jointing is observed in Quaternary and 

Tertiary volcanic rocks as well, but the joint system in the granites 

is the most consistent and best developed.

The northwest structural trend, typical of the Basin and Range 

deformation, is well illustrated by the graben-like basin indicated by
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geophysical data and by the faults that border the basin. These border 

faults are interpreted to be high-angle normal faults. The location of 

the faults was determined from surface geologic investigations and 

analysis of high-altitude photography, and inferred from topographical 

and geophysical maps. The basin widens to the southeast where the two 

major border faults diverge.

Other faults in the area are large-scale block faults within 

Precambrian rocks. These faults can be identified by brecciated zones, 

dip reversals, and drainage patterns. Detectable faults that occur in 

the volcanics vary in magnitude from inches to over 100 feet (Boyer 

1974a, p. 26).



CHAPTER 3

GEOPHYSICAL DATA COLLECTION AND METHODOLOGY

To supplement surface geologic studies, ground magnetic and 

gravity surveys were conducted, allowing a more complete analysis of 

the Cave Creek basin. These two geophysical methods were utilized be

cause maximum information is obtained for minimum financial effort. 

Furthermore, detailed gravity and magnetic surveys eliminate arbitrary 

assumptions about the subsurface basin geometry to determine volumes of 

water-saturated sediments when well data are negligible or sparse.

Both magnetic and gravity data can be interpreted quantitatively to 

supply information on depth of basement, basin extent, and structure 

within the basin.

Field Methods

Gravity and magnetic data were gathered by Mr. K. Koenen in 

1973 and supplemented by the writer in 1976, primarily in the northwest 

end of the basin. Also, 30 of Koenen’s gravity stations were reoccu

pied in 1976 for verification of values. A LaCoste-Romberg model G 

gravity meter and a Geometries G8l6 proton precession magnetometer was 

used on both surveys. The gravity meter, which measures relative 

changes in gravity, has an accuracy of - 0.01 milligal (mgal) and an 

instrument drift rate of one mgal per month. (The principal of opera

tion is accurately described by Dobrin 1976.) The gravitational
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attraction measured by a gravity meter represents the sum of the 

attractions of the body being investigated and the rest of the earth 

as a whole• The absolute value of gravity is not measured. The mag

netometer provides the absolute value of the total magnetic field in

tensity with a repeatable accuracy of one gamma. Over 400 station 

readings were taken in the Cave Creek area.

All gravity survey data were tied into the Arizona Gravity Net 

with closed loops between an established field base station at the 

Carefree Airport and the Arizona Airport base station at the Phoenix 

Sky Harbor Airport. This station, called '•Phoenix J," has a fixed 

gravity value of 979,^90.62 mgals.

Well established field operating procedures were used during 

the survey. Each gravity and magnetic observation consisted of a sta

tion number, meter dial reading, time, date, and a description of the 

geology near the station. A substantial number of stations were situ

ated on the perimeter of the basin and on bedrock outside the basin.

A concentrated effort was made to locate all stations as accurately as 

possible on U.S. Geological Survey topographic sheets (scale 1: 24 000) 

while occupying the station. The position of each station relative to 

latitude and longitude and the elevation of the station were determined 

later.

All gravity meter readings were converted to observed gravity, 

taking into account earth tide corrections, dynamic instrument drift, 

and base station gravity values. Resulting gravity values are termed 

absolute observed gravity values for the field stations and are 

assigned to symbol g^. Total magnetic field intensity values are read



22

directly from the meter and were corrected only for diurnal variations 

of the earth1s magnetic field.

The raw gravity data were processed via a FORTRAN IV gravity 

reduction computer program written by West (1970) for the GDC 6400 com

puter system at The University of Arizona. Instrument drift was 

accounted for by occupying the same field base station at the beginning 

and end of each survey loop. Drift was measured as a function of the 

variation in meter reading over the time between readings. Drift was 

assumed to be linear for all loops.

Gravity Data Reduction

The reduction of gravity data refers to the removal of effects 

that tend to distort or obscure the gravity field caused by the spe

cific object of interest. Many of the steps of the reduction process 

are mathematically routine and simple to execute. The theoretical 

foundations for these reductions have been developed in great detail 

and the interested reader is referred to Dobrin (1976), Grant and West 

(1965)i or West (1972) for the mathematical derivations.

Any modification to observed gravity data (gQ) is contingent 

upon the assumption that the data can be enhanced by reduction or 

application of corrections. The basic gravity corrections are free- 

air, Bouguer, and terrain.

Actual absolute observed gravity values at field stations can

not be related to local geologic conditions until they are compared to 

gravity values derived from the standard earth model. The earth model 

currently used in geophysical prospecting was developed in 1777 by
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Clairaut. The value of gravity at any point on the equipotential sur

face of that model is called theoretical sea level gravity (g). It is 

given for a specific geographic latitude, by the 1930 International 

Gravity Formula (IGF):

g = 987,049 (1 - 0.0052884 sin2^  - 0.0000059 Bub22#>, in mgals.

Any difference between observed and theoretical gravity is 

called a gravity anomaly, which may be related to local geologic con

ditions. However, gQ must be on the same equipotential surface as g 

which, for the Cave Creek survey, is mean sea level.

The purpose of the free-air correction (FAC) is to remove the 

gravity effect that results when the field station is not at sea level. 

The free-air correction is:

FAC = 2gQh 
R

where R is the radius of the earth and h is the height of the field 

station above sea level. The free-air anomaly (FAA) is the difference 

between observed gravity values and free-air correction values:

FAA = go-g+FAC.

Short wavelength free-air gravity anomalies frequently correlate with 

variations in ground elevations while long wavelengths are related to 

isostatic conditions.

The Bouguer correction was designed to remove the effects of 

lateral variations in mass due to different ground elevations for field 

stations. The gravitational attraction of an infinite slab of thick

ness t is used as the correction to remove the effect of the mass



between the station elevation and the survey datum. The density, p, 

of the slab is assumed to be constant. The Bouguer correction (BC) is:
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BC = 2*pGt

where

G is the gravitational constant 

(6.6? x IfT^cgs).

The simple Bouguer anomaly (SBA) is:

SBA = (go + FAC + BC) - g.

Since the free-air and Bouguer corrections are both functions 

of the elevation of the field gravity station, they are usually com

bined into an elevation correction which is 0.060 mgal/ft. assuming a 

slab density of 2.6? gm/cm\ This value is added to observed gravity 

if the station is above sea level and subtracted if below.

The complete Bouguer anomaly (CBA) takes into account terrain 

corrections (TC) which are required if topography in the survey area 

deviates from the ideal form of the Bouguer infinite slab and curvature 

corrections (CC) which adjust for the actual curvature of the earth. 

Stations within the Cave Creek basin were checked for terrain correc

tions and most corrections were less than 1.5 mgals. The maximum ter

rain effect was 10 mgals on the top of Lone Mountain. Because of the 

insignificance of the terrain correction, the complete Bouguer anomaly 

was not calculated for this study.

Residual Gravity Map

A contour map of Bouguer gravity values reflects a complex 

combination of anomalies of deep, intermediate, and shallow origin.
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Specific anomalies must be delineated and separated before they can be 

interpreted. Regional anomalies are usually associated with deep 

geologic structures but they have been defined as any anomaly reflect

ing geologic sources that are not of interest to the investigator.

Regional gravity anomalies in Arizona are generally character

ized by long wavelengths which obscure or distort the short wavelengths 

which are of interest in the Gave Creek area. The long wavelengths 

must be removed or filtered from the Bouguer gravity map in order to 

reveal the short wavelength anomalies which reflect the low density, 

basin-fill sediments. Thus the first step in Bouguer gravity anomaly 

analysis is to produce a residual Bouguer gravity anomaly map in which, 

hopefully, all anomalies not of interest to this investigation have 

been filtered out.

Two basic methods have been developed to remove regional 

effects. One is referred to as the intuitive graphical approach and 

the other is the analytical approach which is performed on digital com

puters (Nettleton 1971)• The second method has been utilized in this 

project.

To best remove regional effects of the Bouguer Gravity Anomaly 

Map of the Cave Creek area (Fig. 5 in pocket), a statistical method 

known as Fourier analysis has been used for filtering and trend surfac

ing of gravity data. The method is not described here as it is exten

sively discussed in literature (Kreyssig 1968) and geophysical applica

tions are mentioned in B&th (1974) and Aiken (1976). The analysis was 

applied in two stages to remove all unwanted gravity effects and pro

duce a gravity map that reflects only the effect of the basin-fill.
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The coefficients of the Fourier Series are computed by a FORTRAN IV 

program written by Aiken (1976).

The function of the initial surface-fitting stage was to gener

ate a nine-coefficient double Fourier Series trend surface fit of » n  

Bouguer gravity data within a 25-mile radius of the Cave Creek study 

area. Data utilized was derived from this study and also retrieved 

from storage in The University of Arizona gravity network system. The 

harmonic trend surface (Fig. 6) was then subtracted from the Bouguer 

data to yield a first order residual map. The purpose of this initial 

stage is to remove large-scale gravity effects of near-regional vari

ations in the density of the crust. There is no geologic input to this 

stage.

To produce a second order residual map that will define the 

basin structure, the effect of local variations in bedrock density must 

be removed from the first order residual map. A nine-coefficient trend 

surface was produced from the residual values of only those gravity 

stations that are located directly on bedrock and not over the basin- 

fill. In this report "bedrock11 is used in the geophysical sense and 

refers to crystalline rocks or to any dense rock that has essentially 

no density contrast with the crystalline rock. Thus all rock under

neath the basin-fill material is to be considered bedrock.

The bedrock trend surface (Fig. 7) was subtracted from the 

first order residual values determined in the first stage. The remain

ing residual gravity values are thus dependent only on the effects of 

basin-fill because local lateral density variations of the bedrock 

have been eliminated. The final residual values were contoured to
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"1 AREA OK TREND SURFACE
FOR STATIONS ON BEDROCK

CONTOUR INTERVAL' lOmlligels

Figure 6. Regional trend surface of Bouguer gravity. —  After Sumner, 
Schmidt and Aiken 197^•
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Figure ?• Trend surface of gravity values for stations on bedrock. 
—  After Sumner et al. 1974.



produce the ’'Residual Bouguer Gravity Map of the Cave Creek-Carefree 

Area" (Sumner et al. 1974). A copy of that map, modified by this 

study, is reproduced as Figure 8 (in pocket).

By taking the second trend surface of only those values on bed

rock, the pitfall discussed by Skeels (196?) was avoided. This pitfall 

is caused by including with the data to be fitted all the values 

directly related to the residual anomaly of interest —  the basin-fill.

Density Contrast Values

Quantitative interpretation of gravity data is dependent on 

some knowledge of the density contrast between rock types. In the 

Basin and Range province, such contrasts exist between basin-fill and 

bedrock.

Extensive measurements of densities of outcropping rocks in the 

Basin and Range of southeastern Arizona have been made by West (1972), 

Davis (1967) and Sumner and Schnepfe (1966). These investigations 

report average Precambrian metamorphic and crystalline rock densities 

of 2.6 to 2.7 gm/cm^. West (1972) sampled the Precambrian schist near 

Cave Creek and found values ranging from 2.6 to 2.7 gm/cm^. Volcanic 

and granitic rock densities measured by West in the Basin and Range 

were slightly less, 2.5 gm/cra^ and 2.6 gm/cm^, respectively.

Boyer (1974a) reported an average rock density in the Cave 

Creek area of 2.69 gm/cm^.

Determining a density value for the basin-fill is more diffi

cult. None of the water wells in the Cave Creek area were evaluated 

by any of the commercially-available logging tools that can provide a 

rock density' from porosity, bulk density, or velocity measurements.
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West (1972) performed density measurements on core samples of 

alluvial material from wells drilled as part of the Central Arizona 

Project. One of the wells near Phoenix had a sample density of 2.18 

gm/cm^ for the interval 0-500 feet and 2.24 gra/crâ  for the interval 

1,000-1,500 feet. West (1972, p. 117) feels that these values are too 

low due to water loss and shrinkage of the sample. Several other 

recent investigators (Davis 1967? Spangler 1969; Eaton, Peterson and 

Schumann 1972) suggest the average wet density value of basin-fill is 

2.20 to 2.50 gm/cm^ and thus 0.40 gm/cm^ is the density contrast with 

crystalline rocks.

Grain density is not widely variable for the common rock

forming minerals and it is the presence or absence of porosity that 

actually determines the density of a rock. Due to compaction, density 

should increase with depth as porosity decreases, but the rate is not 

easy to predict. Also, density contrasts exist between similar rock 

above and below the water table because pore space is filled with water 

rather than air as in the unsaturated zone.

Basin-fill density is very dependent on composition, deposi- 

tional history, and age. Aiken and Sumner (1974) tried to segregate 

basin-fill and assigned density contrasts of 0.5 gm/cm^ for alluvium, 

0.3 gm/cm^ for consolidated alluvium, and 0.2 gm/cm^ for indurated 

Tertiary conglomerates.

In the Cave Creek area, the lithologic logs (Manera 1974a,

1978) indicate large amounts of conglomeratic material throughout the 

section which will decrease the density contrast with the bedrock 

(2.69 gm/cm^). In addition, volcanic rubble will decrease the density
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contrast particularly at the western end of the basin. Thus, a very 

low density contrast of 0.15 gtn/crâ  was chosen as the minimum value and 

0.25 gm/cnr* was chosen as the maximum value for this study.

Computer Modeled Cross Profiles

The geophysical data were interpreted by constructing seven 

profiles across the Cave Creek basin using an iterative computer model

ing method. The position of the profiles is shown on Figure 8 (in 

pocket)•

Interpretation of the gravity data along the profile lines is 

initially based upon the infinite horizontal slab model. This model 

can be used to obtain approximations of the thickness of the alluvium 

in the Cave Creek basin. The gravity effect (Ag) in ragals of as 

infinite horizontal slab of thickness h (in kilofeet) is given by 

Dobrin (1976) as:

g =  1 2 .7 7 A p h

where A p is density contrast between bedrock and alluvium in gm/cnf*. 

Since the residual gravity anomaly that is related to basin-fill mate

rial has already been computed, this value is substituted for Ap.

Two values for A P have also been determined and solving for the un

known yields a solution for h, or the thickness of the basin-fill.

An iterative curve-fitting gravity modeling program for 

alluvial-filled basins based upon the above discussion was written by 

West (1972) and applied to the profiles. Gravity numerical analysis 

for the Cave Creek basin was originally performed by Carlos Aiken on a 
PDP-11/40 computer system and redone with additional data for this 

study. Magnetic profiles were added during the present study.



Each of the profiles consists of: (1) residual Bouguer gravity

curve; (2) topographic profile; (3) modeled subsurface profile consist

ing of curves generated from two different density contrasts; (4) 

geology along the profile; and (5) residual total intensity magnetics 

curve. One profile (A-A*) was constructed along the longitudinal axis 

of the basin. This profile is a mechanical composite of intersecting 

cross-profiles.
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CHAPTER 4

INTERPRETATION OF GEOPHYSICAL DATA

In this chapter, the detailed ground geophysical data are in

terpreted and the subsurface structure of the Cave Creek basin is 

presented and discussed.

Residual Magnetic Intensity Map 

Figure 9 (in pocket) is a contour map of the total magnetic 

field intensity values that were obtained with a proton precession 

magnetometer. This magnetometer measures only the component of local 

perturbations in the direction of the Earth's present magnetic field. 

The regional field has been removed from the original data yielding a 

residual magnetic map. Residual values also appear on a curve for each 

of the profiles A -A ' through H-H'. The regional field that was removed 

is described by Sauck and Sumner (1970)*

Principal rock units in the Cave Creek area are granites, 

schists, volcanics and basin-fill material. In general, basin-fill is 

essentially nonmagnetic except where detritus is composed of highly 

magnetic material such as basalt. The schists and granites are more 

magnetic than basin-fill, but less so than the volcanics. Due to 

lithologic variations within each rock type, its magnetic signature 

may vary considerably.
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The map is dominated by very large amplitude high and low mag

netic values in the vicinity of Lone Mountain. The high value is 

centered over the mountain which is composed of Tertiary volcanics. 

Disregarding the obvious lithologic cause for the Lone Mountain anomaly, 

the change in the orientation of the magnetic contour lines at this 

point suggests a linear discontinuity —  a fault. The fault would be 

short (- 1 mile) and consistent with known or inferred fault segments. 

The elongate configuration of the Lone Mountain volcanic pile further

more suggests it was extruded along a fissure or a fault. Several 

other outcrops of volcanic rocks in the Cave Creek area bear a spatial 

relationship to faults and could be genetically coupled. Particularly 

noticeable is the elongate volcanic outcrop parallel to Cave Creek and 

its associated fault.

Near the northwest end of Lone Mountain is a low-value magnetic 

anomaly (-2,250 gammas). It is a closed low, approximately 3,000 feet 

in dimension. As shown on profiles C-C’ and Q-Q1, the anomaly is 

located on schist very near its contact with basin-fill. Analyses of 

the profiles suggest the anomaly is associated with the fault bordering 

the basin, but the magnitude of the anomaly suggests that its cause is 

lithologic variation rather than structural displacement. The negative 

anomaly is associated with a Bouguer gravity high (-118 mgals) which 

further indicates that the anomaly is related to the schist.

An alternate explanation is that the northwestern Lone Mountain 

anomaly may be related to reversely magnetized volcanic rocks because 

very high amplitude negative magnetizations of local extent are often 

produced by permanent magnetism in older volcanic rocks in a
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direction approximately opposite to the Earth’s present magnetic 

field.

The granitic rocks are characterized by consistent, high 

values of magnetic intensity with only minor undulations in contour 

patterns. The metamorphic rocks are much more erratic in signature 

indicating variations of magnetic susceptibility within the rock. A 

steep magnetic gradient approximately parallels the contact between 

schist and granite along Grapevine VIash. In several of the cross

profiles, the granite-schist contact is also characterized by a steep 

magnetic gradient.

A northeast-trending linear anomaly (-550 gammas) at the north

west end of the basin coincides spatially with a northeast-trending 

aeromagnetic anomaly that cuts across the basin. Both features are 

probably related to faulting which defines the northwestern end of the 

basin.

The magnetic intensity values do not seem to be related to the 

depths of the basin as determined by gravity models. Maximum values 

occur over both the deepest and shallowest parts as well as over base

ment. Much of the detail of the magnetic data is probably distorted 

by near-surface accumulations of moderately high magnetic volcanic 

rocks and surface distributions of granitic debris.

In general, the magnetic data support the configuration of 

faulting developed by geologic and detailed gravity analysis and the 

magnetic contours parallel the axis of the physiographic basin over 

most of the basin. A significant departure occurs in sections 36 

(T.6N R.4E) and 30 (T.6N R.5E) where the contours are perpendicular



to the basin axis. This anomaly correlates very well with a change in 

the thickness of the basin-fill noted in Figures 18 and 19 (in pocket) 

which are discussed later. The magnetic data could indicate a fault 

or a basement saddle that divides the Cave Creek basin into two smaller 

basins.
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Residual Bouguer Gravity Map

Figure 8 (in pocket) is a contour map of the residual Bouguer 

gravity of the Cave Creek area. The contours clearly indicate a 

northwest-trending structure approximately 8 miles long by 2-3/4 miles 

wide. Contour values range from +4 mgals to -8 mgals. The contour map 

can be roughly interpreted as a geologic structure map drawn on the 

top of the geophysical basement. The smaller (or more negative) the 

contour value, the greater the depth that contour value represents.

Thus the residual gravity map actually depicts a basin with the deepest 

parts outlined by the -8 mgal contours.

The boundaries of the basin are defined by faults whose posi

tions were determined by analysis of this and other maps and the cross

profiles. In general, faults were picked at points of maximum gravity 

gradient and significant points of inflection on the profiles. The 

geophysically-inferred limits of the basin agree for the most part with 

limits shown on geologic maps. Discrepancies occur because the geo

physical method resolves the alluvium-covered scarpline whereas geology 

shows only inferred faultlines.

Theoretically, the zero contour lines should approximately mark 

the edge of the basement outcroppings but there are disparities
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primarily due to lateral variations in bedrock density which could not 

be accounted for in computer programming. Another reason is that sig

nificant thicknesses of alluvium occur on eroded basement outside of 

the limits of the basin proper. The positive gravity anomalies, such 

as the +4 mgal anomaly in section 33 southwest of Carefree, occur over 

bedrock outcrops. The large circular +1 mgal anomaly southeast of 

Carefree lies over alluvium but in all probability the basement is not 

deep because of the presence of nearby granitic and volcanic outcrops.

The structural basin is divisible into two sub-basins, each 

centered around an -8 mgal low. Both lows occur on the northeastern 

edge of the basin indicating that the magnitude of faulting may have 

been greater here than elsewhere in the basin. In general, the floor 

of the basin slopes to the northeast.

The northwestern limit of the basin is inadequately defined by 

this map because not enough data exist to close the contours in this 

area. Another area requiring more data is south of Black Mountain in 

the vicinity of the -5 mgal low. The presence of this low suggests a 

small, deep structural basin similar to the Cave Creek basin in orien

tation and mode of occurrence.

A comparison of the Bouguer gravity map (Fig. 5) with the 

residual Bouguer gravity map (Fig. 8) shows that both maps reveal the 

same anomalies in the basin such as the two low areas separated by a 

ridge. Note that the +1 mgal residual Bouguer closed anomaly south

east of Black Mountain is not present in the Bouguer gravity map where 

a smooth gradient decreasing to the northeast is mapped. All other



closed residual Bouguer anomalies are also present as anomalies on the
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Bouguer map.

Cross-Profiles

Profile B-B1

Profile B-B* crosses the basin at the northwestern end. It 

shows the greatest subsurface vertical basement relief of all the pro

files. Maximum computed depths to bedrock are 9,000 feet (using den

sity contrast 0.15 gm/cra^) and 4,000 feet (0.25 gm/cm^). The residual 

gravity and magnetics curve correlate well on the northeast end except 

for a magnetic anomaly of 100X over the deepest part of the basin.

This anomaly may be related to the presence of volcanics in the basin. 

The inflections of this anomaly correlate with the position of the 

border faults as determined from gravity analysis. The zero residual 

gravity value is located over bedrock on both ends of the profile which 

indicates the success of the regional gravity removal technique for 

isolating the gravity effect of the basin-fill (Fig. 10 in pocket)

A water well (projected 1,300 feet into the profile) was 

drilled to 335 feet at the 13,500 mark along the line of profile. At 

this depth it encountered hard rock which corresponds to the geophysi

cal model very well. The position of fault scarps and the tendency of 

the basin to be deeper on the north side is clearly presented in the 

modeled subsurface profiles.

The topographic profile shows a westerly slope with no evidence 

of the faulting, particularly on the western end. Note that volcanic 

rocks crop out very near the position of the basin faults.
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Profile C-C

The magnetics and gravity curves differ significantly near the 

20,000-foot mark. The magnetic intensity low represented on the pro

file has been discussed previously and related to lithologic varia

tions. A model of the anomaly suggests that the anomaly is caused by 

a body at least 5*000 feet below the surface and thus it is an intra

basement feature. Maximum gravity model depths are 4,000 feet and 

2,100 feet. The scarp is well defined along the northeastern part of 

the basin at the contact of the schist and alluvium. The residual 

curve does not reach positive values over bedrock at the southwestern 

end of this profile but the modeled profile clearly delineates the edge 

of the basin at the granite/alluvium contact (Fig. 11 in pocket).

This profile crosses one of the widest parts of the basin near 

the saddle or ridge that was noted in the basin from gravity analysis. 

Expected depths to basement here should be from 8,000 to 9,000 feet.

Clearly, a model subsurface profile using a smaller density contrast 
%

than 0.15 gm/cnr will give greater depths, but lithologic evidence does 

not exist to support a smaller contrast.

The topographic profile reflects the faulting on the northern 

edge of the basin near the 20,000-foot mark. Note that Quaternary 

stream channel deposits are localized on the southern side of the basin 

which is presently the low area or center of deposition.

Profile D-D*

A break in the slope of the topographic profile near the 

20,000-foot mark coincides with the alluvium/bedrock contact and a
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faultline mapped by surface geology. The modeled profile indicates 

that a steep scarp is located at this point and a low value on the mag

netics curve further signifies the contact. The steepness of dip and 

large-magnitude of offset for the northeastern scarp is emphasized in 

the modeled profiles. Profile D-D* crosses the southeastern sub-basin 

and the deepest part of the sub-basin corresponds to an -8 mgal residual 

Bouguer gravity anomaly (Fig. 12 in pocket).

The inferred position of the fault on the other end of the pro

file coincides with a magnetic high. A water well drilled along the 

line of section to 1,500 feet encountered gravels, sands, clays, and 

tuffs and bottomed in a volcanic series comprised of flow material and 

tuffs. The well was drilled in the deepest part of the basin and en

countered no evidence of basement. Maximum computed depths are 8,300 

feet (0.15 gm/cnf*) and 3,800 feet (0.25 gm/cm^).

Profile E-E1

The scarp position at the southwestern end of the profile is 

not adequately defined by either magnetics or gravity and thus the 

position is dependent on remote sensing and surface geology studies.

The northeastern scarp is well defined at the alluvium/granite contact. 

Maximum depths are 5,100 feet and 2,700 feet from the subsurface pro

files. This profile also emphasizes the tendency of the basin floor 

to slope to the northeast, opposite from the slope of the present-day 

topography (Fig. 13 in pocket).
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Profile F-F'

Profile F-F' runs across the southeastern part of the basin and 

computed depths (4,500 feet and 1,900 feet) indicate a shallowing of 

the basin as would be expected. Cooley's map (1973) also suggests a 

decrease in depth of basin at this point.

The position of the southwestern scarp correlates very well 

with fault position as determined from space photography analysis. The 

northeastern scarp is located near the 28,000-foot mark as determined 

by magnetics and gravity. The alluvium/granite contact was mapped 

further northeast by Boyer (1974a). The sharp, minimum magnetic in

tensity value correlates with the deepest basin depth modeled from 

residual gravity data. The increase in magnetic values to the south

east also correlates with a decrease in basin depth.

The benches shown in the subsurface profiles do not indicate 

an en echelon down-to-the-basin fault system but rather show the shal

lowing of the basin at the extreme end. Reference to Figure 18 shows 

that profile F-F' runs on strike with depth contour lines and the 

benches are the results of the contour pattern .(Fig. 14 in pocket)

Profile G-G«

Profile G-G' cuts the basin obliquely but defines the scarp 

position at both sides of the basin. The northeast end of the profile 

displays a magnetics anomaly and the coincidence of the magnetic low 

anomaly (2,000)9 with a gravity high (4-2 mgal) and the presence of 

volcanic outcrops (Fig. 15 in pocket).

The magnetics curve shows little character over the basin which 

is computed to be 6,000 to 3,500 feet deep.



The Bouguer gravity curve is also plotted on profile G-G’. The 

curve is similar in character to the residual gravity curve, but the 

edges of the basin are not as clearly defined as on the residual curve. 

The Bouguer curve decreases in value across the basin from southwest 

to northeast whereas the residual gravity value is similar on both 

sides of the basin. It is apparent that the gravity effect of the 

basin-fill is more discernible in the residual curve than in the normal 

Bouguer curve. The Bouguer high near the 25,000-foot mark does not 

appear on the residual curve because the anomaly is due to intrabase

ment causes and thus has been eliminated by the trend-surface analysis.

Profile H-H*

The residual gravity zero-value does not appear on the south 

end of this profile so a bedrock-alluvium contact was not defined and 

a fault could not be positioned. The northern scarp is defined by 

gravity at the bedrock contact. Depths of the basin are 5,200 feet 

(0.15 gra/cm^) and 2,600 feet (0.25 gm/cm^).

The magnetics curve near the 25,000-foot mark is dominated by 

a strong low of 500 gammas. The low coincides with the granite/ 

phyllite contact (Fig. 16 in pocket).

Profile A-A1

This profile was not derived from a computer model but rather 

from points on intersecting cross-profiles B-B* through H-H*• Exten

sions of A-A' beyond profiles B-B' and F-F' were plotted from the 

residual gravity and magnetics maps (Fig. 17 in pocket).
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The profile parallels the longitudinal axis of the Cave Creek 

basin. Faulting is well defined by gravity at the southeastern end 

but less so at the northwestern end of the basin. Here the residual 

gravity value never reaches the zero value which on other profiles 

indicates bedrock. Perhaps the basin can be extended to the northwest 

under the outcropping Quaternary volcanics that may have been extruded 

directly onto basin-fill material. If so, the basin is very narrow at 

this point (- 3*500 feet) but may increase in width beyond the "pinch

ing" Precambrian rocks. The magnetics curve is responding to the 

volcanics and does not define the basinal configuration.

The saddle between the two sub-basins is very evident in this 

profile. The steepness of the modeled profiles between the two sub- 

basins suggests faulting in the basement that creates a horst. The 

trend of the faulting is probably northeast across the basin and paral

leling the northeast structural grain prevalent in the basin area. The 

top of the basement is still 2*000 feet to 4,000 feet below ground 

surface over the saddle.

Summary: Structure of the Cave Creek Basin

The subsurface Cave Creek structural basin extends on a N 70°V- 

oriented axis for approximately 8 miles and it is 2-3/4 miles wide.

It is defined on all sides by large-scale faults which are inferred 

from geological and geophysical data. The faults are interpreted to 

be normal, thus creating a graben, a typical structure associated with 

Basin and Range tectoniso.

The southwestern boundary is a generally straight scarp that 

parallels the axis of the basin. The fault scarp dips steeply to the
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northeast 70o-75° and the fault line extends beyond the basin to the 

southeast. The northeastern boundary, which dips more steeply than 

the southwestern scarp, actually consists of several short fault seg

ments, all roughly parallel to the basin axis. Both the northeast and 

southwest fault lines are characterized by volcanic outcrops. The two 

largest outcrops occur at intersections of two directions of faulting 

—  the Lone Mountain volcanic pile and the Tertiary volcanic outcrop at 

the extreme southeast limit of the basin.

The basin is deeper on the northeast side, giving a pronounced 

northeasterly slope to the basin floor. This slope opposes the present- 

day regional topography gradient to the southwest. This slope, coupled 

with the complex pattern of the faultlines on the northeast side, 

indicates a more complicated history of movement than is evidenced by 

straight scarp of the southwest boundary fault. The fault pattern near 

Lone Mountain may be caused by offset of the original northeast fault 

boundary by northeasterly-striking faults that cross the basin. The 

horst, or saddle area, in the middle of the basin may also be evidence 

for movement along these fault planes after the formation of the basin.

The southeastern limit to the basin is defined by a northeast- 

striking fault as interpreted from the steep residual gravity values 

and the presence of outcropping Precambrian and Tertiary rocks. This 

fault is truncated by both northwest-striking major faults indicating 

that the short fault is older. Gravity data southeast of this appar

ent limit of the Cave Creek basin are sparse and the basin may con

tinue southeastward if another northeast-striking fault, downside to 

the southeast, exists.



The northwestern end of the Cave Creek basin is not well under

stood; the ground geophysics are not definitive. However, due to the 

presence of outcropping Precambrian rocks, the inferred fault along 

Cave Creek, and the strong aeromagnetic discontinuity, the limit of 

the basin is deemed to be positioned with reasonable accuracy.

Generally the geophysically-interpreted limits of the struc

tural basin correspond well with limits shown on geologic maps. Dif

ferences are due principally to the fact that gravity resolves the 

true position of the fault whereas geology shows inferred fault lines 

on ground surface.

The total surface area of the structural basin as determined 

by the position of geophysically-inferred faults is 15.6 square miles 

or approximately 10,000 acres.

Two subsurface models of the Cave Creek basin have been con

structed based on the two bedrock-basinfill density contrasts of 0.15 

gm/cm^ and 0.25 gm/cm'* (Figs. 18 and 19 in pocket). Contour points 

were picked off the subsurface profiles from cross-profiles B-B* 

through H-H*• Both models were contoured out to the zero contour 

interval.

The models represent the depth to geophysical bedrock based 

on interative calculations for the two density contrasts as discussed. 

In essence, the models are also isopach maps of the basin-fill material 

if one assumes that the basin is completely filled to ground level, 

which is a flat, horizontal surface. Each contour line was plani- 

metered out to the position of the border faults and the volume of 

each model was calculated in acre-feet. This volume is therefore a
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representation of the quantity of basin-fill present in the Cave Creek 

basin.

Basin-fill calculated for the 0.15 gm/cm^ model is approxi

mately 12 cubic miles (40 million acre-feet) and for 0.25 gm/cm^ it is

6.5 cubic miles (22 million acre-feet). Sumner et al. (1974) obtained

15.5 cubic miles and 7*5 cubic miles respectively by a different analy

sis method.

The maximum depths for the basin occur in the northwestern sub- 

basin. Here, the thickness of the basin-fill is over 9,000 feet (0.15 

gm/cm^). Since average density differences decrease with depth as a 

result of increasing induration of sediments due to compaction, the 

density difference of 0.15 gm/cm^ is considered to be the most accurate 

for this area and 9*000 feet is a viable maximum depth for the basin.



CHAPTER 5

GROUNDWATER RESOURCES OF THE CAVE CREEK BASIN

In this chaptert the writer attempts to incorporate all data 

given in previous sections into a discussion of the groundwater re

sources in the Cave Creek-Care free basin. Estimates of the amount of 

water than can be withdrawn from the basin are given.

Aquifer Potential

The area having the lowest potential for groundwater avail

ability is the Precambrian metamorphic and granitic rocks of the study 

area. These rocks are well-jointed and weathered to some extent. Thus 

zones of permeability and porosity exist. However, it is unlikely that 

any significant amount of groundwater can be produced from these zones. 

Faults and intrusive bodies create increased permeability in the 

vicinity of their occurrence, but median yield of wells drilled in 

these areas is less than 8 gpm (Boyer 1974a). In this study, metamor

phic and granitic rocks are considered impervious and their contribu

tion to overall water availability is slight.

Layered volcanics are considered a source of groundwater. Well 

logs in the western and central parts of the basin indicate that vol

canic rocks exist at depth in the basin. Volcanics can act as conduits 

to transmit water from outcrop to basinal sediments with which volcanic 

rocks interfinger. Water yields from volcanic rocks are related to
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permeability produced as a result of voids connected by jointing and 

fracturing.

The highest potential for water supplies exists in the basin- 

fill materialf stream channel alluvium, and in the small-scale grabens 

produced by block-faulting in the Precambrian crystalline rocks. The 

thrust of this study is to determine the amount of water in the basin- 

fill material which is currently the principal source of water.

The basin-fill material represents a complex depositions! sys

tem. Most of the material is derived from adjacent mountains and was 

deposited by various methods including landslides, meandering streams 

and volcanic eruption. The depositions! history resulted in a series 

of discontinuous lenticular sand, silt, and conglomeratic bodies of 

varying degrees of induration. Together these sediments act as one 

large heterogeneous aquifer characterized by considerable variations 

in porosity and permeability.

The areal extent of the aquifer is approximately 10,000 acres 

and the thickness is as great as 9,000 feet. The volume of sediments 

comprising the aquifer has been computed to be a maximum of 40 million- 

acre-feet. The hydrologic properties of the aquifer have not been 

accurately determined because of a lack of good well productivity data. 

Boyer (1974a) reports that both specific capacity and transmissivity 

are highly variable and that there are indications that both these 

properties decrease from west to east of the Cave Creek basin.

Coefficient of Storage

The coefficient of storage is defined as the amount of water 

in storage released from a column of aquifer with a unit cross section
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under a unit decline of head. It is a measure of the yeild of an aqui

fer to pumping. The coefficient of storage is determined by aquifer 

tests as the ration of known volume of pumpage to known volume of sedi

ments dewatered by pumpage. The knowledge of this parameter is criti

cal for an accurate estimate of the amount of water available from 

storage in the basin. The parameter is dependent on the highly vari

able sediment properties of porosity and permeability. Nemecek and 

Briggs (1975)i to justify their two-dimensional model, state that no 

accurate storage coefficients are known for the Cave Creek basin.

Anderson (1968) computed values of storage coefficient for 

large areas in central Arizona. His range of values was 10# to 20#. 

Generally, tight, well-cemented gravels had 10# values and silty aqui

fers were 19#. The Deer Valley area west of Cave Creek has a 19# value. 

Other studies have been done in tectonic basins of California by 

Olmsted and Davis (1961) and R. Eckis and P. L . K . Gross (1934). Working 

in the Sacramento Basin, Olmsted and Davis found the coefficient for 

gravels to be 29#, sand to be 20#, and fine-grained deposits such as 

clay to be 3#» Eckis and others, working in the smaller, more re

stricted Los Angeles basin, rated subsurface alluvial sand at 28# and 

gravels from 13-25#.

For the Cave Creek basin, Thiele (1958) used 7# as did Manera 

(1974c). Boyer (1974a) used Manera*s value and Stunner et al. (1974) 

used a very conservative figure of 3#. Nemecek and Briggs (1975) based 

their initial selection of storage coefficient values on a study of 

values obtained from a similar basin in Arizona. Their plot of storage 

coefficient distribution for the Cave Creek basin (Fig. 20) reflects
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the variance in values of transmissivity obtained from only three 

aquifer tests in the Carefree area. The range of transmissivity for 

these tests was 200 gpd/ft to 20,000 gpd/ft and these values may be low 

because the wells tested only partially penetrated the aquifer and 

parts of the aquifer remained behind pipe. The distribution of values 

was adjusted during the calibration of the digital model used by the 

Arizona Water Commission on order to duplicate known conditions. No 

variation in storage coefficient values can be accounted for in this 

model.

Quantities of Groundwater

The amount of groundwater available from storage in the Cave 

Creek basin can be calculated by multiplying the storage coefficient 

and the volume of saturated sediments in the basin. The amounts of 

basin-fill material computed from the two different density contrast 

models used in this study were 40 million acre-feet (0.15 gm/co^) and 

22 million acre-feet (0.25 gm/cm^). These volumes times a conservative 

coefficient of 3# yields 1.2 million acre-feet to 0.6 million acre- 

feet of water available in the basin. These numbers are not neces

sarily a measure of total water stored in the basin.

Both of the above values are gross estimates because they 

assume a saturation of sediments from zero depth (ground surface) to 

the geophysically-derived depths of up to 9,000 feet. Realistic esti

mates of available groundwater must take into account the economics of 

pumping water from depth. The present maximum acceptable economical 

depth is 1,500 feet. Also, the alluvium above the water table is not 

water saturated and therefore must be discounted. Manera (1974a)
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reports that static water level (swl) is 300 feet for the Carefree 

Ranch. For other parts of the basin, the swl ranges from 100 to 500 

feet. In this study, an unsaturated thickness of 400 feet was used. 

Thus, only 1100 feet of the basin-fill is assumed to comprise the 

volume of sediments from which water can be withdrawn with present 

technology. A replanimetering of Figures 18 and 19 for only the area 

of the basin deeper than 1500 feet yields 9,000 acres (0.15 gm/cm^) 

and 7 i392 acres (0.25 gm/cm^). Multiplying these areas by the 

storage coefficient and 1100 feet saturated sediments gives 495*000 

acre-feet to 400,000 acre-feet of water available in the basin to 1500 

feet depth.

Results of a recent well drilled in the basin indicated that 

59# (880 feet) of the section down to 1,500 feet was labeled "clean 

sand." Two hundred fifty-eight feet of the 880 feet is above static 

water level for this well; thus only 622 feet of sand (4lS>) can be 

considered productive aquifer. Applying this limiting factor to the 

previous estimates of available water yields 203,000 acre-feet to 

164,000 acre-feet of water. Note that the conservative estimate of 3# 

was used for these calculations. Three percent may represent the 

average storage coefficient value for the entire basin-fill section 

including fine-grained rocks and cemented conglomerates. A more real

istic value for the clean sand section just isolated probably ranges 

from 10 to 12# and may be as high as 15 to 18#. For the 9,000 acre 

reservoir down to 1,500 feet, the potential water reserves, using 1,100 

feet saturated section, a 10# storage coefficient, and 4l# sand section 

are 405,900 acre-feet.



CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS FOR 
FURTHER STUDY

A combination of geological and geophysical studies has defined 

a deep subsurface basin in the Carefree-Cave Creek area of central 

Arizona. The basin trends northwest and is bounded by steeply dipping 

normal faults. The area of the subsurface basin is 10,000 acres and 

the volume of the sediments filling the basin ranges from 22 to kO 

million acre-feet. Based on geophysical models, the maximum depth to 

bedrock in the basin is 9,000 feet.

The basin-fill materials have been derived from the adjacent 

mountains and range from silts and clays to sands and conglomerates. 

Differing modes of deposition and the short transportation distances 

have resulted in a poorly sorted, discontinuous series of lenses. To

gether, these sediments act as one large aquifer characterized by rapid 

changes in porosity, permeability, and lithology over very short dis

tances. Because of these variations, values for the storage coeffi

cient are somewhat conjectural, based in part on isolated well tests 

and on the comparison of the Cave Creek basin with other, similar 

intermontane basins of Arizona and California where storage coefficients 

are well known.

Using a single storage coefficient of 3%, the theoretical water 

yield of the basin ranges from 0.6 to 1.2 million acre-feet. Using the
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distribution of coefficients described by Nemecek and Briggs (1975), 

the maximum quantity of water in storage is approximately 2 million 

acre-feet.

Analysis of the gravity data reveals that the Carefree basin 

can be divided into two sub-basins which are separated by a saddle, or 

decrease in depth to bedrock. No data exists which suggests the saddle 

affects the hydrology of the basin, but it is recommended that the area 

of the saddle be examined in detail with more gravity data.

The interpretation of the subsurface structure of the Carefree 

basin was inferred from geophysical data and thus it is subject to 

verification by the drill. It is recommended that at least two new 

wells be drilled in the basin in order to test the interpretations 

developed. The wells will supply much needed basic geologic and hydro- 

logic data that will be used to verify and recalibrate models of the 

basin and its hydrologic setting. One well should be drilled in each 

sub-basin. The optimum depth of the wells should be l800 to 2,000 

feet. Ideally, the drilling should be done using a reverse rotary 

drill rig. Penetration rates and lithologic sampling should be moni

tored very closely. Furthermore, each well should be electric-logged 

by a commercial service such as Schlumberger or Birdwell. A suggested 

logging program would include an ES log for resistivity and SP measure

ments, and a density-neutron log to determine porosity and the water/ 

air interface. Interpretation of the logs will provide location and 

thickness of water zones, relative production rates, and qualitative 

estimates of permeability and grain sizes. At depths greater than 1000 

feet, a wireline formation tester can be used to sample water from



specific layers. Longterm pumping tests will establish acceptable 

values for the coefficient of storage.

The anticipated withdrawal of large quantities of groundwater 

without sufficient replenishment will be accompanied by an increase in 

depth to static water levels. A severe decline may cause differential 

subsidence of the land surface as it readjusts to the loss of hydro

static strength supplied by the groundwater. Subsidence effects must 

be monitored, particularly near the fault scarps and associated thin 

aquifers that are located in areas of dewatering. One method of moni

toring is to periodically resurvey critical elevation markers. Gravity 

surveying can detect changes in land surface elevation and compaction 

if conducted very carefully.

The original intent of this study was to describe the geologi

cal and hydrological setting of the Carefree-Cave Creek basin and 

assess the groundwater supply before developing a part of the basin.

It is evident that the basin is deeper and larger and contains water 

in greater volumes than had been thought previously. Should careful 

pump testing yield a storage coefficient value of at least 956, it can 

be concluded that sufficient groundwater exists to support a sizeable 

commercial and residential development in the basin.
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