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ABSTRACT

The Agua Fria River area is part of a mass of

crystalline Precambrian rocks covered, in several

places, by Cenozoic volcanic and sedimentary rocks.

The volcanic rocks and the sediments are largely

the products of eruptions in middle (?) Cenozoic time.

The rocks are sequences of volcanic flows of

basaltic and andesitic composition, conglomerates,

and interlayered tuffaceous sandstones. In places

the cover of Cenozoic rocks was apparently in excess

of 2000 feet, but erosion has removed much of this

material.

Pleistocene or Recent gravels, terrace deposits,

and dissected alluvial fans are unconformable on

the Cenozoic rocks throughout the area.

The Cenozoic rocks are nearly horizontal; some

have a slight dip to the northeast. At the southern

end of the area are broad, open anticlines and syn-

dines which are thought to be marginal features of

a major shear zone which lies to the south of the area.

The source of all the volcanic debris is unknown.

An andesite plug and three basaltic dikes in the south-

ern part of the area served as a source for at least

some of the material.

vi



Some of the Cenozoic deposits seem to have been

-deposited on an erosion surface that had hundreds

of feet of local relief.

Little is known of the time relationships of the

various Cenozoic rocks in the area for none has yielded

datable fossils. By lithologic and structural analogy,

the Cenozoic rocks of the Agua Fria River area have

been assigned tentatively to middle and/or upper

Mioceno and lower Pliocene.

i1



flEOLOGIC RECONNAISSANCE OF THE AGIJA
FRIA RIVER AREA, CENTRAL ARIZONA

INTRODUCTION

The Agua Fria River area is located in central

Arizona between parallels ll2°O5 and 112°l5' north

latitude and meridians 33°40' and 34°25' west longi-

tude and covers approximately 145 square miles (see

Index Map of Arizona, Figure 1). The area comprises

portions of Yavapai arid Maricopa counties, Arizona.

Geologic Settin

In the Agua Fria River area, Tertiary (?) volcanic

and nonmarine sedimentary rocks overlie Precambrian

gneisses, schists, and intrusive rocks. The visible

Cenozoic structures are minor folding and faulting

of the flat-lying Tertiary (?) rocks. Some faulting

of major proportions apparently took place during

Cenozoic time but direct proof is difficult to obtain.

The Agua Fria River area is bounded by the Black

Hills to the north, the Bradshaw Mountains to the

west, the New River Mountains to the east, and a

desert area to the south. The Black Hills and tbe

New River Mountains seem to show lithologic affinities

with the area. The Bradahaw Mountains are a mass of

faulted and intruded Precambrian rocks which are

1



Figure 1. - Index I4ap of Arizona shotrin location of thesis
area (rod) in Yavapal and Maricopa Count10
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s-imilar to the basement rocks found within the Agua

Fria River area. The desert area is an alluvium cov-

ered surface with isolated hills protruding through

the cover (see Figure 4; Plate VI, Fig. 1).

Previous Work

Jaggar and Palache (1905) investigated the Brad-

shaw Mountains in 1899 and 1901 and their results

were published by the Geological Survey as a quad-

rangle folio in 1905. This constitutes the major

work of importance encompassing the area. Jaggar and

Palache were concerned primarily with the general

geology and economic geology, and they did not

elaborate on the Cenozoic geology and history.

Jenkins (1923) and later Mahard (1949) published

the results of investigations in the Verde Lake Beds

which lie to the north of the Black Hills in the Verde

Valley.

In 1926, Lindgren published a report on the

geology of the Jerome and Bradshaw Mountains Quad-

rangles based on his own observations and the published

work of Jaggar and Palache and Jenkins.

Krieger (1956) is presently engaged in compiling

a geologic report on the results of several years of

geologic mapping by herself and several others in the

Prescott, Mingus Mountain, Paulden, and Clarkdale

quadrangles which lie northwest of the thesis area,



Nature and Scope of Present Investigation

Js can be seen by reading the available literature,

there is a lack of information concerning the Cenozoic

history of the Agua Fria River region. The purpose

of the present investigation is an attempt to determine,

as nearly as possible, the Cenozoic history of the

region from a study of the Cenozoic rocks, structures,

and erosion surfaces.

Some 40 days during June, July, and August, 1956,

were devoted to reconnaissance obBervations and geologic

mapping of a north-south strip along the Agua Fria

River drainage (Figure 1). The mapping was done on

a scale of one inch to a mile on a base map enlarged

from the 30-minute Bradshaw Mountains Quadrangle and on

the 15-minute Mayer and Bumblebee Quadrangles. In

addition, a part of the Maricopa County Map (sheet 2)

was used for mapping the southernmost part of the area

on a scale of one inch to two miles.

For this report, reference to the Agua Fria

River area will mean the mapped area (Figure 1) aid

the Agua Fria River Region will mean the general area

of the Agua Fria River drainage.
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GEOGRAPHY

Physical Settin

The Agua Fria River area is situated in the

Mountain Region of the Basin and Range Physiographic

Province of Ransome (1903) as redefined by Robinson

(1913). This zone of rugged mountains and small,

narrow valleys separates the Sonoran Desert Region

of' the Basin and Range Province from the Colorado

Plateau Province. These physical divisions of the

Basin and Range Province extend southeasterly from

the Colorado River to the southern and eastern bor-

ders of the state (Figure 2). The Mountain Region

is a transitional zone between the Colorado Plateau

Province and the Sonoran Desert Region in that it has

structural and stratig1aphic affinities with both

physical divisions. In the Mountain Region, the

mountain systems are larger and constitute a greater

percentage of the land area.

The area studied is relative1y low and flat.

To the west, the Bradshaw Mountains average 6000 feet

to 7000 feet elevation, the highest point being Mount

Union (7971 feet). Southward in the Bradshaws, the

higher peaks range from 4000 feet to 6000 feet. To

the east, the New River Mountains rise to heights of

6000 feet, but north of them the flat-topped mesas

6
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and desert wastes average 4000 feet.

The lowest point in the mapped area is at the

southern boundary of the area, and has an approximate

elevation of 1750 feet above sea level. The highest

point in the mapped area, Cordes Peak, rises to 4233

feet and thus the maximum relief is 2483 feet. In

general the area is one of low relief as there is a

somewhat step-like drop off from the northern part

of the area to the southern part. An average eleva-

tion for the northern part of the area is about 4000

feet and for the southern part 2500 feet to 3000 feet.

Drainage

All the drainage Is tributary to the Agua Fria

River which flows along the eastern edge of the area0

All of the streams are intormittant with the exception

of parts of the Agua Fria which is fed by permanent

springs.

The Agua Fria discharge was estimated at about

80 gallons per minute near Slaughter?s Ranch in the

early part of the field season (before the first suier

shower). According to local inhabitants this is sub-

normal for June, and Is due to the low rainfall during

1955 and 1956.

The nearly flat-lying volcanic flows and sedi-

mentary rocks have, in places, been deeply dissected

by the Agua Fria River forming deep, narrow valleys
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with sheer walls. In the southern part of the area,

the Agua Fria is joined by the New River. Through-

out much of its course, the Agua Fria has meanders

and entrenched meanders which seem to indicate that

the river onceflowed over a relatively flat surface

and rapidly cut down through the volcanic flows and

sedimentary rocks (see Plate II).

The northern part of the Agua Fria River drain-

age has captured a part of the Lonesome Valley drain-

age. This stream capture was reported by Lindgren

(1926, p. 8).

The area has a dendritic drainage pattern that

is well adjusted to the flat-lying rocks. Lindgren (1926)

says that the Agua Fria antedates the volcanic flows

but he does not present any supporting evidence.

Surely the present drainage was developed on top of

the flows and let down to its present position where

the river is now eroding Precambrian rocks. This

conclusion is supported by the several entrenched

meanders (Plate II). Thus the river is out of adjust-

ment with the Precambrian rocks and structures, al-

though in a part of its course the Agua Fria roughly

parallels the Precambrian structure.

Climate

The climate of the Agua Fria River area is

characterized by aridity and great temperature fluc-

tuations from below freezing to well over 100°F. In
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contrast to the high summer daytime temperatures the

summer nights are usually cool and comfortable. The

average annual precipitation is about 13 inches, the

relative humidity is generally low and wind movement

and evaporation are high. The northern part of the
region seems to have greater rainfall and lower tem-

peratures than the southern part of the region although

no weather records are kept for the southern part.

The annual precipitation is concentrated principally

in two periods, one during July-September, the other

during December-February.

SuILuhler storms are very local, covering but a few

square miles. The storms generally originate to the

northwest and move towards the southeast. These

storms are characteristically torrential and thus

add little to ground water storage.

More detailed information may be found in

!LThe Climate of Arizona," University of Arizona

Agricultural Experiment Station Bulletin 279.

Vegetation

The Agua Fria region i covered with typical

Sonoran flora. Mesquite, catsclaw, and palo verde

are widespread. Ocotillo, prickly pear, and oholla

are locally abundant. In the stream valleys are found

lush growths of cottonwood and some black walnut

trees. A few century plants occur locally. Several
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species of oak are scattered over the area and in

one grove, poison oak was found. Creosote, hackberry,

and manzanita are abundant and widespread as are

other varieties of desert brush. Several types of

grasses are ubiquitous in the area and in some places

are well developed for grazing.

From the northern, higher part to the southern,

lower part there is an inconspicuous gradation of the

flora. The area could probably be divided into two

floral communities for a detailed study of the flora

but this seems unnecessary for this report.

Range Use

Few attempts have been made to cultivate the

land in the Agua Fria River area. Some cultivation

has been undertaken on fine river terrace deposits

along Bigbug Creek, the Agua Fria and New Rivers.

In general, the soils are sparse and poor except for

the small areas of alluvium and terrace sediments

along the streams Most of the land is very rocky

and thus difficult to cultivate.

Areas underlain by volcanic breocias and agglom-

erate have developed moderately heavy soils and, during

periods of good rainfall, support grasses which make

good grazing ground. Areas underlain by basalt, coarse

sediments, schists, gneisses, and granite have a very

thin soil cover and support little vegetation. The
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surfaces of the basalt flows are covered with rounded

boulders of basalt.

In some areas there is very little vegetation

as a result of overgrazing or to crowding of stock

near watering places. This damage to the range is

in general very limited. Range and forest fires in

the nearby Bradshaw Mountains have been destructive

of both rangeland and forests, Wildlife is probably

not responsible for any appreciable damage to the

natural vegetation of the area.

Wildlife

Wildlife in the Agua Fria River area is not

abundant.. On the sandy deserts of the southern part

of the area one may travel long distances without

seeing a living creature.

Reptiles present within the area include lizards,

rattlesnakes, racers, kingsnakes, and chuckawallas.

The mammalian life is dominated by packrats with

jack rabbits and chipmunks a cicse second. There are

a few coyotes and, in the Bradshaw Mountains, a few

mountain lions an3. bears (as reported locally). A

few mule deer roam the.area and the Bradshaws. To

the northwest, in Lonesome Valley, are antelope.

Other mammals noted are white footed mouse, pocket

gopher, kangaroo rat, and several types of squirrels.

In an abandoned mine tunnel a lone bat was observed.
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Some of the birds of the area are red tail hawk,

zone tail hawk, orioles, cactus wren, cardinal, mock-

ing bird, quail, roadrunner, and doves.

Present Settlement

The Agua Fria River region has but a few hundred

inhabitants most of whom live in the towns of Mayer,

Cordes, Rock Springs, and Black Canyon. Several other

towns that were established in the region near the

turn of the century have been nearly or completely

abandoned. There are a number of ranches in the region,

both active and abandoned.

Accommodations, gasoline and oil, garage facil-

ities, telephone, and groceries are available in all

pf the towns.

The local industries include mining, prosecting,

ranching, and local merchandizing.

Routes of Travel

The Agua Fria River area is readily accessible

by means of the Black Canyon Highway (Arizona State

Highway 69) which has one branch that passes through

Camp Verdeand another through Prescott. Many

secondary roads and ranch roads, some graveled and

graded, traverse the area and provide further access.

One of the main secondary roads is the old Black Can-

yon Highway which connects Bumbleebee, Cordes, and
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Mayer. In some places, power line maintenance roads

can be used to reach remote country.

The only railroad near the area is a trunk line

of the Prescott and Eastern Railroad which connects

with the AT&SF Railroad to the north.



GEOLOGY

Geology of the Boundary Areas

Black Hills Range

The Black Hills Range, north of the Agua Fria

River area, is placed in the Mountain Region of the

Basin and Range physiographic province by Robinson

(1913) and others. The range is an irregular, elongat.-.

ed block that trends northwest, The north end of the

range is composed of dissected and faulted Paleozoic

sediments and Tertiary(?) volcanic rocks consisting

of andesites, basalts, and tuffs (Krieger, 1956).

To the north, the rocks and structures merge with

those of the Colorado Plateau. To the south, the

mountains seem to show similarities with the Bradshaw

Mountains; however a considerable break (Lonesome

Valley) separates the two mountain masses and obscures

structural and lithologic connections. It has been

suggested (Lindgren, 1926; Krieger, 1956) that Lonesome

Valley represents a graben or down-dropped block that

has since been filled with Tertiary gravels and fine

grain ad sediments.

The south part of the Black Hills Range is an

uplifted block which is composed of Precambrian rocks

ranging from a complex of "greenstones" of volcanic

origin to diorite, rhyolite porphyry, and granite

15
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(Lindgren, 1926) with the whole capped by Paleozoic

sediments (Tapeats sandstone, Martin limestone, Supai

formation) which are unconformably overlain by Tertiary(?)

volcanic flows (see Plate XI). Within the Precambrian

rocks at Jerome were discovered massive copper sulfide

deposits that have made Jerome a second order mining

district.

On the east, the Black Hills Range is cut by

several normal faults which trend generally north.

Lindgren (1926, p. 12) showed that the total displace-

ment along all of the sub-parallel faults here is on

the order of 4000 feet. The one most important fault

is the Verde or Main fault with a displacement of

some 1700 feet (measured in the United Verde Mine).

Since the Verde fault cuts Tertiary(?) volcanic rocks

there is reason to believe that there were major

structural adjustments within or following the

Tertiary.

Bradshaw Mountains

The Bradshaw Mountains consist of sedimentary,

metamorphic and igneous rocks. The sediments are

presumably of Precambrian age (Jaggar and Palache,

1905, p. 1) with no Paleozoic, Mesozoic, or Cen-

ozoic (with the exception of alluvium) being known.

The sediments are largely converted to schists and

gneisses which Jaggar and Palache named Yavapai.



The Yavapai is assigned to the older Precambrian.

"The higher peaks near Prescott are composed

of gneissic gra.nites and schists. Here, as elsewhere

in Arizona, the Precambrian rocks have a general

north-northeast trend. Here and there are intrusive

bodies of quartz-dlorite with sulfide ores along their

contacts. The main Bradshaw Range consists largely

of massive, coarse granite (with pegmatitic facies)

intrusive into the surrounding schists. The distinc-

tive features of the southern Bradshaw Range are a

great stock of gneisslc granite with included schists,

a belt of amphibolite, quartzite, and sericite-schist

to the east, and beyond that granite..." (Jaggar and

Palache, 1905). Ores of the precious metals occur

only where the included schists are abundant in the

granite.

No evidence for the time of emplacement of the

Brad.shaw granite has been reported although the granite

is usually considered Precambrian in age. The pos-

sibility exists that the granite may in fact be

Cretaceous in age. The youth of the Bradshaws suggests

young mountains or recent elevation. Lindgren (1926,

p. 8) suggested that the rocks of the mountains were

of Precambrian age but that the mountain itself may

have been formed later (probably Cretaceous) by the

mass being faulted upward to its present position.
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The Tectonic Map of the United States shows only the

southwestern end of the Bradshaws bounded by faults

(see Figure 3). Medora Krieger (1956) has a radio-

active (zircon) date from the G-room Creek grano diorite

of Jaggar and Palache (northwest side of the Bradshaw

Mountains) which indicates this rock to be over 900

million years old. This is interesting for it

definitely establishes the age of some of the Bradshaw

rocks as Precambrian. In addition, this particular

body was considered as possibly Mesozoic by Lindgren

and emphasizes the need for caution in the use of

lithologic similarities for age correlations.

Plate XI is a map compiled from Lindgren (1926,

Plates I and II) with some modification. This plate

shows the gedlogy of the Jerome and Bradshaw Mountains

Quadrangles wblch include much of the critical area

surrounding the kgua Fria River area.

Bloody Basin - New River Mountains

Little geologic work has been done in the Bloody

Basin and consequently little information is available.

The following is partly the result of a one day re-

connaissance through the basin. The basin has a

granitic basement exposed (in places) which is very

similar to the Bradshaw granite but it weathers to a

dark red color. Above the basement are 20 feet or so of

coarse red sandstone or arkose that is locally conglom-

eratic. The sandstone Was derived from the granite as
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the two have nearly identical compositions. Above

the sandstone are several hundred feet of coarse con-

glomerate with volcanic rock pebbles and fine-grained

sediments, There is a gradation upward from conglomer-

ate to fine sediment. Apparently above and younger

than the conglomerates is a sequence of basalts and ande-

sites,

The basin is a topographic low and also appears

to be a structural low. The Tectonic Map of the

United States indicates a large fault along the

western margin of the basin with the basin side

down-dropped (Figure 3). From cursory observations,

this seems somewhat oversimplified. To the west from

the Verde River there seems to be sub-parallel,

step-like faulting with the area near the river the

farthest downthrown. The faults seem to trend gen-

erally north.

The New River Mountains rise up to 5700 feet to

5800 feet. According to the Arizona State Geologic

Map (1924) the mountains are composed of a basement

of Precambrian granites, schists, and gneisses that

are overlain by Tertiary(?) volcanic and sedimentary

rocks. At an elevation of 3500 feet to 4000 feet

there is a broad flat area apparently capped by basalt

that perhaps corresponds to the flatland of the north

em part of the Agua Fria River area. If this is
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so, then the southern part of the area was filled

up with sediments and volcaiujc rocks at least as far

south as the southern end of the New River Mountains.

Bigbug Mesa in the northern Bradshaw Mountains has a

similar flat area capped by basalts, but it Is at an

elevation of 6500 feet to 7000 feet. There are several

possible explanations for this, three of which are

(1) the flows are not accordant and the Bigbug flow

is younger and higher, (2) the flows are not accordant

and the Bigbug flow is older and the other flow is

lower and on a lower erosion surface, and (3) the

flows in the northern part of the Agua Fria River area,

the New River Mountains, and on Bigbug Mesa are the

same (or nearly) and there has been faulting to pro-

duce the apparent discordance.

The Tectonic Map of the United States shows the

New River Mountains bordered on the south by a large

fault which trends northwest. There seems to be good

evidence for this faulting as near Cavecreek there is

a mylonite and breccia zone about one mile wide. The

general trend of this zone seems to be westerly.

Phoenix Plain

For this report, the Phoenix Plain refers to the

country in the southwest part of the Agua Fria River

area and southward to and beyond the city of Phoenix.

This territory Is not entirely a plain except to the
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north and south of Phoenix. North of the plain proper

there are small mountain groups and partly buried

hills. The buried hills were originally outlying

remnants of erosion which have since been surrounded

by debris shed from mountain slopes. An illustration

is just south of the Phoenix Mountains (Figure4)

(Lee, 1905, p. 118).

The McDowell Mountains, the Phoenix Mountains,

and the other isolated hills are composed of Precam-

brian schists, gneisses, granites, quartzites, and

slates (McDonald, Wolcott, Bluhm, 1947). Some Ter-

tiary(?) volcanic rocks consisting of rhyolite, dacite,

andesite, diabase, and basalt and sedimentary rocks

consisting of sandstone, conglcmerate, and breccia

occur on the older basement.

Structurally the mountains seem to be tilted

fault blokcs. The Tectonic Map of the United States

shows several isolated mountains to be bounded on the

south by a fault, the north side upthrown. This seems

to be about the only plausible explanation of the

structure. The faults may be related to a very large,

obscure structural discontinuity that passes westerly,

north of Phoenix beneath the valley fill.
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Geology of the Agua Fria River Area

General Statement

The Agua Fria area consists of a Precambrian

terrane.. which is blanketed by volcanic and sedimentary

accumulations of middle to late Tertlary(?) age.

These younger rocks rest on a very irregular surface

of erosion and are a part of a once more extensive

cover of flows and sedimentary deposits that locally

was perhaps 2000 feet thick. The volcanic flows are

best exposed and preserved in the central part of the

area near Black Mesa (see Plate I, Fig. 2; Plate V,

Fig. 2) where they form cliffs and pinacles. The

Agua Fria River has cut its channel through a thick

sequence of nearly horizontal andesite and basalt

flows which are interlayered with agglomerates, con-

glomerates, tuffs, and sandstones. The interlayered

sedimentary rocks are coarse-grained and appear to

be of fluviatile origin.

The volcanic rocks also include a large andesite

plug (Plate VI, Fig. 2) arid small basic dikes which

may have been feeders for flows long since eroded,

In the southern part of the area, the most

abundant sedimentary rocks exposed are coarse rhyo-

litic tuffs, tuffaceous sandstones, volcanic pebble

conglomerates, and conglorates containing Precambrian

rock franents Volcanic franental material is more
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abundant in the upper part of the section. Unconform-

ably overlying the Tertiary(?) rocks of the southern

part is a coarse, poorly bedded sandstone and conglom-

erate, probably of Quaternary or very late Tertiary

age. These conglomeratic sediments appear to have

been formed as alluvial fan and valley fill deposits

and contain fragments of all the older rock types

known from the area. Younger gravels are present

as terrace veneers along the Agua Fria River and sev-

eral of its major tributaries. Nowhere are these

young gravels extensive (see Plate III, Fig. 2; Plate

IV, Fig. 1).

In the northern part of the area, the exposed

rocks are dominantly volcanic flows whose counter-

parts in the south are presumably eroded. The flows

are overlain unconformably by fine river terrace

deposits, probably of Quaternary or very late Tertiary

age (Plate III, Fig. 1). along the Agua Fria River,

these deposits have since been dissected by the river

and thus perhaps indicate regional shift, climatic

change to provide more water, damniing and subsequent

draining or a combiiation of these causes.

Structurally, the Precambrian rocks are a meta-

morphic complex. Foliation of the Precambrian rocks

in most places trends north-south and dips steeply

westward. Most of the rooks are extensively jointed

and sheared.
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The Tertiary(?) rocks also have been deformed

but to a much lesser extent than the older rocks,

Minor undulations and high.angle normal faults are

present throughout the area. Near the southern boundary

of the area (Plate VII) there are folds and obscure

faults which seem to be related toa major east-west

structural zones0

Stratigraphy

Precambrian Rocks. The pre-Tertiary('?) rocks are not

of primary concern in this paper and therefore they

are described only generally. In mapping the area,

the several types of pre-Tertiary(?) rocks were con-

sidered as one unit (see Plates VIII to X).

The oldest rocks in the area are a series of

dominantly sedimentary rocks metamorphosed to several

types of schist, quartzite, and slate. These rocks

have been referred to the Yavapal schist by Jaggar

and Palache (1905); this was later modified to the

Yavapai Series (Wilson, 1939). The Yavapai Series

contains quartz-mica schist, quartz-mica-hornblende

schist, gneisses, impure quartzite, quartz-feldspar-

mica gneisses, chlorite schist and locally other,

minor rock types.

The Yavapai schist is similar to the Vishnu

schist, exposed in the northern part of the state,

as to lithology, mineralogy, and gross structural
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trends.. The relationships and occurrences have been

reported by Darton (1925), Lindgren (1926), Wilson

(1939), Anderson (1951), and others.

In addition to the Yavapal Series, a granite,

referred to the Bradshaw granite of Jaggar and Palache,

occurs within the Agua Fria area. The two prominent

outcrops of this rock are (1) east of Black Mesa where

the Agua Fria has cut through the volcanic cap and

(2) about four miles east of Cordos. The granite

is coarse granular In most places and locally there

are zones where the rock is highly sohistose or

gneissose (perhaps due to shearing subsequent to

emplacement). Locally within the granite masses there

are pegmatitic fades and small veins of milky quartz.

Tertiary(?) Rocks. Palezoic and Mesozoic rocks do

not appear to be present In the area. Nearly all of

the mapped area is blanketed by volcanic and sedi-

mentary deposits of Tertiary(?) age. These geolog-

ically young rocks rest upon an Irregular erosion

surface that may have 20, 50 or 100 feet of local

relief. These rocks represent a once more extensive

cover of flows and sedimentary materials with an

aggregate thickness locally of at least 2000 to 2500

feet.

In the northern part o± the area, volcanic flow

rocks predominate whereas inthe southern part of the
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area sedimentary tuffs, sandstones, and conglomerates

predominate. Thus the discussion of the Tertiary(?)

rocks will be based primarily on a geographic sub-

division. As a result of incomplete exposures in

any given place and the discontinuity of the rocks

involved, the stratigraphic sections presented in

Appendix I are, of necessity, composite sections.

The Tertiary(?) rocks are principally of four

types, (1) volcanic flow rocks, (2) tuffaceous sand-

stones, (3) elastic sandstones, and (4) conglomerates.

The various rock units vary in thickness from a few

inches to tens of feet. The areal extent of each dis-

tinguishable unit is usually limited to a few square

miles.

The two stratigraphic sections (Appendix I)

show similar rock types. However, Section 2 which

Is stratigraphically lower than Section 1 shows more

elastic sandstone and non-volcanic pebble conglomer-

ate than Section 2. Generally, the vol3anic flow

rocks are olivine basalts, hornblende basalts, and

hornblende andesites.

The tuffaceous sandstones are all essentially

fine-grained pumaceous rocks with minor amounts of

rounded sand grains of quartz, mica, some feldspar,

and some dark minerals. In each case the rocks show

poor sorting, considerable decomposition due to

weathering, and poor cementation.
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The clastic sandstones are characterized by

fineness of grain size, fair sorting, rounded to

subrounded grains, and moderate to weak cement (often

calcareous), They are composed principally of quartz,

feldspar, micas, and dark minerals.

The conglomerates are of two types, (1) those

which contain pebbles of volcanic fragments, and (2)

those which contain pebbles of Precambrian rock

fragments. The conglomerates vary widely in thick-

ness (a few inches to 150 feet) and are mostly com-

posed of well-rounded fragments fairly well cemented.

The oldest conglomerates in the section contain peb-

bles of Precambrian fragments whereas the younger

conglomerates contain pebbles of volcanic rock.

The reason for this is probably that the source areas

for the Precambrian rocks became covered over with

volcanic rocks and were thus converted into source

areas for volcanic rock fragments.

The interrelationships of the several units

and a more detailed description of the units are

presented in the composite stratigraphic sections

in Appendix I.

Late Tertiary or Pleistocene Rocks. In both the

southern part and the northern part of the area the

volcanic and associated sedimentary rocks are over-

lain unconformably by coarse, poorly to well bedded
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sandstones and conglomerates that probably are of

late Tertiary or Quaternary age. These two conglom-

erates, in the north and in the south, differ con-

siderably in composition which is a reflection of

their source areas.

The conglomerate in the north is greenish-

gray, weathers to rounded hills and boulder covered

slopes. The pebbles are sub-rounded to angular,

dominantly gneiss, schist, and quartzite. The degree

of angularity of the pebbles increases near the

contact with underlying Precambrian rocks which

were in part the source of the pebbles. Good exposures

of the conglomerate are found only along the stream

courses because the rock weathers readily to gravel-

ed slopes. The conglomerate overlies both the Pre-

cambrian rocks of the area and the volcanic rocks

but contains few or no volcanic fragments. The

source for the conglomerate is to the west and south.

plate X shows the areal distribution of the conglomerate.

The conglomerate in the south is tan to brown,

massive, and weathers to steep boulder covered slopes

and locally to cliffs. Pebbles are composed of frag-

ments of volcanic flow rocks and Precambrian rocks,

mostly granites, with sizes ranging from granules

up to boulders (2 to 3 feet in greatest dimension).

The pebbles are rounded and poorly sorted. The matrix
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is quartz, feldspar, biotite, pumice, and other minor

minerals, cemented with calcareous cement. The source

for this conglomerate was to the west, In or near

the Bradshaw Mountains.

These young conglomerates were probably formed

a alluvial fan deposits. In places, erosion has

separated the conglomerates from their limnediate

source area, leaving valleys and stream beds between

them. Bigbug Creek is an example of one such feature.

This is probably a result of least resistance to ero-

sion being along the conglomerate-basement contact.

Post-Tertiary Rocks. Terrace deposits consisting of

gravels, sands, and silts occur along the upper

portion of the Agua Fria River in the northern part

of the mapped area. The elevation of these terraces

ranges from about 15 feet to about 35 feet above the

present stream channels.

The terrace deposits may be divided into two

groups, (1) those In the northern part of the area,

and (2) those in the southern part of the area. In

the north the deposits consist of silt with local

lenses of sand and pebbles and scattered boulders.

The deposits have been eroded since deposition and

form small vertical cliffs (Plate III, Fig. 2).

In the southern part of the area the terrace deposits

are consistently coarse, unsorted gravelly material,
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rich in fragments of schist, gneissic rocks, and other

types characteristic of the basement complex. Possibly

these were formed in a floodplain environment or broad

valley with high uplands contributing coarse sediments

which were deposited as an alluvial fan, The typical

form of these terrace deposits is locally obscured

by later stream dissection but they are easily recog-

nized by their predominantly reddish-brown color and

limited thickness. Undoubtedly individual terraces

formed at slightly different times but probably they

are all of Pleistocene age.

More recently deposited alluvium forms broad

flats in the larger canyons and extends up the small-

or ones as narrow tongues. It is generally composed

of sands and gravels of buff to light gray color

and varying degrees of coarseness, and is dissected

to a limited extent by the present streams.

Intrusive Rocks. Three basaltic dikes and a hornblende

andesite plug are all the intrusive rocks within the

Agua Fria area. The location of the intrusives is

shown on the geologic map, Plate VII. As can be seen

from the map, the dikes are about two mi] s north of

the andesite plug.

Andesite: The andesite occurs as a plug just north-

east of the town of New River. In hand specimen, the

andesite is light blue-gray, fine-grained, with
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phenocrysts of hornblende. Here and there are in-

clusions of a brown basalt which probably represents

rock through which the andesite was forced but which

has since been eroded away. The borders of the in-

tru.sive show decreased grain size which is an effect

of chilling. A schist of the Yavapai Series surrounds

the plug and is baked and discolored for three to

five feet from the andesite contact. Some up-turning

of the schist is apparent in several places.

Petrography: Pilotaxitic texture

Plagioclase: 64%. Shows faint zoning in some of the
phenocrysts. Phenocrysts are smaller
than pyroxene and hornblende phenocrysts
and less euhedral, indicating a later
stage of crystallization. Composition
Ab30An70 to Ab20An800

Pyroxene: 23%. Occurs as phenoorysts and unaltered
in the groundmass. Inclined extinction,
36 to 38 degrees. Several phenocrysts
have altered to uralite whereas others
are unaltered - this may be due to selec-
tive weathering caused by the channel-
way distribution.

Hornblende: 8%. Euhedral. Many of the phenocrysts
are pseudomorphic after pyroxene (augite).
Some are altering to the iron oxides
hematite and magnetite.

Orthoclase: 1-2%. Presence is doubtful.

Iron oxide: 3-4%. Consists of hematite and magnetite.

Accessory: Apatite, very small and of minor impor-
tance.

The foregoing petrographic description is based

on two thin sections cut from specimens collected
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from representative areas of the andesite plug. The

andesite is relatively unweathered and the analysis

of the two sections is considered to be representative

of the entire plug. The foregoing analysis is a

composite description as the two specimens differ only

slightly - thus limits have been set upon composition

of' the rock and of the minerals themselves.

Basalt: The basalt dikes are nearly identical and will

be discussed together. The rock is black and weathers

to brown, it is fine grained and porphyritic. The

dikes are five to six feet in width and are exposed

along their strikes for only a few tens of feet.

The dikes have intruded tuffaceous sandstones and

a volcanic flow and they are overlain by a Pleisto-

cene (?) conglomerate.

Petrography: Intergranular texture

Plagioclase: 36%. Occurs both as phenocrysts and in
the groundmass. It is fresh and unal-
tered. Subhedral, no zoning, some un-
dulatory extinction. Approximately
.A.b45An55.

Prroxene: 47%. Probably pigeonite but it is so
fine-grained that it is not distinguish-
able from augiteb Occurs as elongate
prisms in the groundmass and as pheno-
crysts.

Olivine:: 9%. Occurs as phenocrysts which have been
altered slightly to iron oxides in cracks
and around the edges. Medium sized,
euhodral to subhedral grains.

Biotite: 5%. Subhedral grains as phenoorysts.

Iron oxide: 3%. Alteration product of olivine.
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The foregoing petrographic description is based

on two thin sections. The lithologic similarity and

juxtaposition of the dikes is considered enough just-

ification for basing the description on two thin

sections and for combining the results into a corn-

posite description0

Structural Geology

General Statement. No attempt has been made to determine

or interpret the Precambrian structures of the region.

Foliation in the Precambrian schists and gneisses

trends generally northeast and has near vertical dips.

The Agua Fria River area appears little modified

by late Cenozoic deformation. The few major Cenozoic

structures have northwest to north-northwest trends.

Folding and small magnitude faulting are the prominent

structural features in the southern part of the area,

whereas the northern part shows a slight regional

tilt to the east or northeast.

To the east and west of the southern part of

the studied area, the rocks are apparently transected

by large magnitude faults. The faulting is evidenced

by shear and mylonite zones and juxtaposition of

wholly different rock types.

Cenozoic Structures. The structure of the Tertiary(?)

rocks is relatively simple. In the northern part of

the area the rocks are nearly horizontal (dip about
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four degrees to the east) with minor undulations

and a few small faults. The apparent eastward dip

may be due to regional tilting or to initial dip at

the time of formation of the rocks. In the southern

part of the area, the rocks have been folded into

broad, open, west-northwest trending antielines and

synclines (see Plate VII). The folds plunge westward,

a few degrees, beneath the Q,uaternary fill. Several

small magnitude northwest and east-west trending

faults are associated with the folds. The folding'

and faulting seem to be related to a major east-west

zone of faulting just south of the mapped area.

Perhaps the most baffling structural features

are the erosion surfaces within and below the Ter-

tiary(?) rocks. The surface between the Tertiary(?)

rocks and the Precambrian basement rocks has a relief

of several hundred feet in places. This erosion

surface was cut, perhaps, after deposition of Paleo-

zoic sediments. If so, these have since been completely

removed f or no Palezoic rocks have been found south

of the Black Hills. Other erosion surfaces, such

as between the conglomerate and volcanic flows of the

northern part of the area, are irregular with local

reliefs of as much as 100 feet. This relief may

be due partly to irregularities in the surfaces of

the flow rocks but some of the relief is probably
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erate.

Geomorphology

General Statement

The physiographic forms in the Agua Fria River

area ar controlled largely by the geologic formations.

Mesas represent erosional remnants of lava flows, and,

locally, hills are composed of high-standing Precam-

brian igneous and metamorphic rocks. The details of

physiographic development are related to the structures

and characteristics of the underlying rocks. The

Agua Fria River exhibits entrenched meanders where it

has cut into Black Mesa.

Stream Development

The drainage pattern Is dendritic on the lavas

of the northern part of the area. This pattern rep-

resents drainage that has developed on the near-hori-

zontal surface of the lavas without the influence of

structure. In the areas of exposed Precambrian rocks,

the drainage follows along the north-south to north-

east foliation of the rocks and thus shows a rectan-

gular drainage pattern.

The Agua Fria River has cut a deep, narrow canyon

Into the sediments and volcanic rocks of the northern

part of the area. The canyon cutting was so rapid

37
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that meanders that bad developed on the surface of

the late Tertiary(?) rocks were preserved to form

entrenched meanders (Plate II).

Elevated terrace remnants and inner gorges,

in the northern part of the area, show that there

has been recent rejuvenation along the Agua Fria.

The upper portions of the Agua Fria River drain-

age (including Bigbug Creek) is presently capturing

the drainage of Lonesome Valley, to the northwest,

by headward erosion (Lindgren, 1926; Kreiger, 1956).

Rejuvenation of the area, possibly due to regional

uplift, may be responsible for initiating the head-

ward erosion.

Tributaries of the Agu.a Fria have low gradients

in their headwaters, steeper where they flow through

deep canyons, and lower, again, as they meet the Agua

Fria or spread out in the southern part of the area,

The course of Black Canyon Creek (just west of

the Agua Fria River area) and the lower part of the A.gua

Fria River may have been determined by the contact be-

tween the Precambrian masses of the Bradshaw Mountains

and the younger Tertiary(?) sediments and volcanic

rocks.

The southern portions of the Agua Fria River

system are markedly different from the northern

portions. In the south, the river flows through
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broad valleys that are filled with alluvial material.

Here, also, the river is not just a single channel

but is a complex of anastamosing channels within the

broad stream valley,

Land.forms

In the Precambrian rocks, the schists and gneisses

are generally less resistant than the granites and

quartz veins. The quartz veins, usually inanganiferous,

are the most resistant to erosion and form small, dis-

continuous ridges.

In the flat-lying Tertiary(?) rocks, where the

volcanic flow rocks are abundant, ridges and mesas

are higher than where interbedded tuffaceous sedi-

ments are predominant, In the southern part of the

area, where the Tertiary(?) rooks are folded and

faulted, isolated, elongated and rounded hills are

the characteristic landform.

South and southwest of the Agua Fria River area

a thin capping of coarse gravel appears on the rem-

nants of a broad but muph dissected pediment surface

(Jabns, 1952, p. 14). This is a uaternary surface

and extends across the Tertiary rooks and some of the

older rocks.

Summary

As a whole the area is in physiographic late

youth. The southern portions seem to be close to
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early maturity, the northern portions approach youth.

The area was apparently in early maturity when some

type of rejuvenation caused the entrenched meanders

of the Agua Fria River toform. The cause of the

rejuvenation is unknown.

Geologic History

Summary of the Geologic History
of Arizona

This section is presented to show the reader

where the Agua Fria River area fits into the regional

geologic history. Most of the information for the

following summary was obtained from McKee (1951),

Sedimentary Basins of Arizona and Adjoining Areas.

The early Precambrian rocks are characterized

by the predominance of north-south and northeast-

southwest trending structures and the tremendous thick-

ness of rocks represented, especially in central

Arizona.

The Paleozoic era was characterized by five basic

structures in Arizona. These consist of two positive

areas (Defiance Positive Area, in the northeast and

nsenada Positive Area, in the southwest), the margins

of two geosynclines (Cordilleran, in the northwest

and Sonoran in the southeast), and a sag in central

Arizona between the positive areas and connecting

the two geosynclines. It may be speculated that
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the positive areas both had positive tendancies, but

involved no mountain uplift. Isopach maps (McKee,

1951) indicate that during the Paleozoic most of

Arizona lying between the Defiance and Ensenada Pos-

itive Areas probably was a slowly sinking shelf, cov-

ered at various times with waters that connected the

Cordilleran and Sonoran geosynclines, Evidence of

only local orustal disturbance during the Paleozolo

is present in Arizona,

The pattern of positive elements and sinking

basing that characterized Arizona throughout the

Palezoic era experienced a radical change in the

Triassic. Regional uplift in central and/or southern

Arizona during this period resulted in sedimentation

being confined to the northern half of the state.

In the lower Cretaceous period, no sedimentation

took place in the northern half of the state. In

southeastern Arizona an exceptionally great thicimess

of sediments, both marine and continental, accumulated.

The sedimentary record in southern Arizona gives

clear evidence of widespread crustal disturbance

and uplift between the end of the Palezoic and

the early stages of the Cretaceous.

Evidence accumulated in recent years indicates

that erustal disturbance and uplift affected most

parts of Arizona during late Miocene or early Pliocene

time. As a result, thick deposits of sediment,
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consisting mostly of coarse detrital material, accum-

ulated in many valleys and basins.

History of the Agua Fria Area

Since it is difficult to consider the geologic

history of the Agua Fria area apart from that of

surrounding areas, this discussion ll encompass

not only the thesis area but also boundary areas.

Precambrian. The work of Jaggar and Palache (1905)

showed that some of the Precambrian rocks of the

Yavapal Series are metamorphosed sandstones, conglom-

erates, other sedimentary rocks and volcanic rocks.

Thus, at some time in the ?recambri'an this area re-

ceived hundreds of feet of sediments and some volcanic

rocks. Regional metamorphism transformed the roc1

into what is now called the Yavapai Series. The

Precambrian granite core of the Bradshaw Mountains

may have been formed at the same time as the forma-

tion of the Yavapai Series. However, the great extent

of the Yavapai Series rocks probably precludes thcir

formation by intrusion of the Bradshaw granite (Wilson,

1939).

Erosion of the pre-existing Precambrian topo-

graphy may have resulted in the formation of a pene-

plane, if the area was comparable to northern Arizona.

No evidence is available for the only rocks present

are older Precambrian and Cenozoic in age. The history
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of the geologic history of central Arizona,

Paleozojc-Mesozojo. There is no evidence of either

Paleozoic or Mesozoic deposition in the Agua Fria

River area. Possibilities are (1) that the area

was a positive mass and as such shed detritus north-

ward into the basins of the Plateau Province and

(2) that there were Paleozoic and Mesozoic rocks pre-

sent that were eroded away before Cenozoic time. At

present there is no direct proof for either hypothesis.

However, the inferences to be drawn from McKee's

isopach maps suggest Paleozoic deposition over the

area and erosion during most of Mesozoic tine.

Cenozoic. Information concerning the age of the

Cenozoic deposits of the Agua Fria River region are

essentially lacking. Thus the discussion of the

Cenozoic history is necessarily generalized. However,

within recent years evidence indicates that crustal

instability and uplift affected most parts of Arizona

during late Miocene or early Pliocene time (McKee, 1951).

Similar disturbances contemporaneous with those in

Arizona have been described in Nevada by Van Houten

(1956). Van Houten says that the associated depo-

sition of tuffs, diatomite, and mudstone was a part

of an extensive episode of lowland aggradation that

4$
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extended into northeastern California, southeastern

Oregon, southeastern Idaho, northern Utah, northern

Arizona, and even southern California. it is the

author's belief that parts of southern and central

Arizona were also affected by or were a part of the

"lowland aggradation,"

In southern and southeastern Arizona, thick de-

posits of coarse detrital material has accumulated

in many valleys and basins. Some of these strata

are of Pilocene age and have been referred to the

Gila conglomerate. Elsewhere similar strata of

approximately the same age probably represent the

same period of accumulation (McKee, 1951). The Gila

conglomerate is dated as Upper Pliocene and Pleistocene

on the basis of vertebrate fossils. In places the

Gila rests unoonformably on steeply upturned Miocene(?)

volcanics and from this it has been inferred that the

latest large-scale deformation that affected the

region occured pre-Gila conglomerate, in late Miocene or

early Pliocene time.

Hook (1956) and Plafker (1956) have investi-

gated an area near Walnut Grove, in central Arizona

south of Prescott, where there is evidence'of extensive

uplift during' Pliocene or Pleistocene time that re-

suited in thick deposits of both coarse and fine de-

trital sediments. Interbedded volcanic material shows
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that volcanism was widespread in central Arizona at

this time. There is perhaps some correlation between

the volcanic rocks of the Walnut Grove area and the

Agua Fria River area but as yet no study of this pos-

sibility has been made.

Abundant scattered remants of once extensive

gravel deposits, believed to have developed in Pile-

cone time as a result of late Miocene or early Pliocene

uplift to the south, are found along the southern

borders of the Colorado Plateau. These gravels, in

places, occur beneath basalt flows of supposed late

Pliocene age.

Evidence that the Pliocene(?) gravels of the

Colorado Plateau were derived from uplifted areas to

the south consists primarily of the fact that these

gravels have been derived largely from crystalline

rocks of Precambrian age that could only have come

from the south in order to reach their present

resting places.

It has been suggested (Howell, 1956) that perhaps

the rim gravels were part of a blanket conglomerate

that was derived from the area of the San Juan Uplift.

If this were the case, one would expect to find many

other areas where the gravels have been preserved.

This does not seem to be true.

Crustal disturbances in Pliocene time are
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probably responsible for the great accumulation of

detritus that fills most of the valleys of Arizona.

Clearly, rejuvenation at various times following the

initial uplift has controlled and increased the total

accumulation within the various interniontane valleys.

In the Agua Fria area the present streams were

developed and the area was uplifted in Pliocene or

Pleistocene time which caused the down-cutting of the

Agua Fria River and the beginning of the present

cycle of degradation, alluviaton and arroyo cut-

ting.

Some Problems Concerning the Geologic
History of Central Arizona

One puzzling problem concerns the absence of

Paleozoic deposits in the area of the Bradshaw Mountains.

There is the possibility that the area at one time

was covered by Paleozoic sediments but, on the other

hand, the area may have been positive during Paleozoic

time. The outcrops in this area consist largely of

Precambrian granites and metamorphic rocks. Paleozoic

and Mesozoic strata are completely missing from the

region except in marginal areas. However, two lines

of evidence suggest that the sequence of paleozoic

formations represented in the Colorado Plateau once

extended over this region. First, the thickness and

lithologic character of Palezoic strata in the Vekol
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Mountains (on the south), Providence Mountains,

California (on the west) and along the Mogollon Rim

and the Black Hills (on the north) indicate lack of

proximity to any land mass, or development on the

margins of a basin. Outcrops In the Growler and

Harquahala Mountains Indicate marine deposition in

these parts of western Arizona. Second, on analysis

of gravels (Koons, 1948; Price, 1950) of Pliocene(?)

deposits along the southern margin of the Colorado

Plateau which rest, in most places, on eroded Permian

Kaibab formation show the pebbles to be composed of

rocks that range in age from Precambrian to Permian0

There is little possibility that such gravels could

have been transported from the north, east, or west

so they must have been derived from a large elevated

region to the south (referred to by some as the Mogollon

Highlands). The present Precambrian crystalline rooks

of the Prescott area (Plate XI) could be considered

the basement complex of a block or blocks raised higher

than the blocks of the Plateau and subsequently stripped

of afl Pa].eozoIc and Mesozoic formations before late

Triassic time. Therefore, It seems probable that

during much of the Paleozoic, deposits accumulated In

many parts of central Arizona where today there is no

record. But direct proof of this in the form of

remnants of Paleozoic and/or Mesozoic rocks have yet
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to be discovered.

Related to the problem of the southward exten-

sion of the plateau formations is the unanswered

question of why central Arizona is structurally high

and topographically low and the plateau is structur-

a11 low but topographically high.

Another problem concerns the Tertiary('?) rocks

In the thesis, and surrounding, area. These rocks

are very dIscontInuous, eroded, and very similar

lithologically which complicates deciphering the

interrelations of the various rocks. The relative

ages as well as the geological ages of the various

volcanic flows is uncertain. Several erosion sur-

faces are prominent In the area but it is difficult

to correlate these several surfaces due to the dis-

continuity of outcrops.

It is known that the flows of Mingus Mountain

(north of Prescott) overlie gravels similar to the

rim gravels, and the rim gravels are only question-

ably dated as Pliocene In age.

Other unsolved problems are (1) why were so many

of the basins In Arizona filled with similar material

at about the same time, (2) what is the relation of

the isolated Walnut Grove area to the other detritus

filled valleys, (3) has the entire area undergone
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regional tilting since deposition of the Tertiary(?)

rooks, (4) when were the valleys actually filled with

the sediment they contain?

With further detailed work in the area the

geologic history and interrelationships of the various

areas may finally be solved.



ECONOMIC GEOLOGY

The principal mining from the Agua Fria region

Is from the Precambrian rocks, the Tertiary(?) rocks

containing little or no products of economic value.

Extensive mining areas border the region to the north

in the Black Hills and to the west in the Bradshaw

Mountains.

In the 1870's and l88Os gold placer deposits

and lode deposits were discovered and mining flourished

for several years. Since the turn of the century metal

mining in the region has been on the decline. The

only other mining currently in progress besides small

gold placer operations Is prospecting and small mine

development with interest centered around copper

properties.

The outlook for metal mining in the Agua Fria

River region is not bright. Large amounts of low

grade ores and deposits of high grade metallic ores

are apparently lacking.
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WATER RESOURCES

Groundwater occurs in the unconsolidated sand

and gravel of the valley fill, and to some extent
in the fractured and weathered zones of the Precambrian

and volcanic rocks. Weils that yield sufficient

water for small-scale irrigation have been developed

in the valley fill.

Recharge of groundwater is largely from seepage

losses from flood flows In the many small washes and

creeks and in the Agua Fria River.

In the SW., Sec. 1, T11N, R2E the Agua Fria River

has cut through old river sediments and volcanic rocks

into a thinly jointed basalt. A spring flows from

this jointed zone issuing about 150 gallons per minute.

The unjointed volcanic rock above apparently confines

the groundwater. Here and there throughout the area

are seeps of water, usually issuing. from fractured

rock or porous rock (such as conglomerate).

Well data for the Agua Fria River area Is sketchy

and unreliable at best. Drill records show mainly

depth and the generalized rock types encountered.

Depth to wa.ter varies from about 50 feet to a few

hundred feet but on the average Is 100 to 200 feet.

The' wells produce from a few gallons per minute up
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to 30 gallons per minute and more.

Based on aroheological evidence there is no

doubt that the Agua Fria drainage area was well popu-

lated from before 500 AD up until about 1300 AD and

that the peoples that inhabited the aro.a were familiar

with other nearby cultures, These Indians practiced

a farming, gathering, and hunting economy. The abun-

dance of sites and artifacts throughout the Agua Fria

drainage area and the present lack of natural springs

and permanent streams suggests that 800 years ago

there was considerably more water than at present.

Many of the sites are located near intermittant streams

and water seeps that may have been more productive

during the Indian occupation.



PLATE I

Figure 1. Looking south along the Agua Fria River in
the northern part of the thesis area. ows abundant
vegetation that occurs in stream bottoms and the di-

section of the nearly horizontal volcanic flows.

Figure 2. Lookinp south along the Agua Fria River
from above Black Mesa. Shows topography between
the southern and northern parts of the area. Note

the andesite plug in the background (arrow).
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PLATE II
54

Vertical aerial photograph of A5ua Fria River where
it has cut through volcanic flows to form Black Mesa
(left) and Perry Mesa (right). Note entrenched mean-
ders of the river Black Canyon Hiiway can be seen

at the left side of the photo.



PLATE III
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F1ure 1. Northern part of thesis area. Bottom rio-it
shows pond at one spring of the Agua Fria River. Also
shows disected river terrace (Qt) on volcanic flow (Tf).

FiguTe 2. Quaternary gravels (top of cliff) overlying
Tertiar3r(?) pel5bly sandstone and conglomerate near

where Black Canyon Highway crosses Iioore C-ulch.
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Figure 1. Roadcut three miles south of Rock Springs
on Black Canyon Highway which shows Recent gravels
(Rg) overlying Pleistocene(?) gravels (Pg). Note the

channeling of the lower gravels.

Figure 2. Contact between Tertiary('?) volcanic flow
(Tv) and Tertiary (?) sands tone (Ts) In Appendix I,
Section 2, the volcanic rock is Unit No. 15 and the

sandstone is Unit No. 14.

56
PLATE IV



PLATE V
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Figure 1. Roadcut about six miles north of Rock Springs
on the Black Canyon Highway. Shows Yavapai series (a
schist here) overlain by Tertiary(?) sandstone (Ts) and
volcanic flow (Tv). Note irregular erosion surface be-

tween the Yavapai and the Tertiary rocks.

Figure 2. Looking east, approximately two miles north
of Black Canyon, Arizona Typical outcrop of the rocks
described in section number 2. Note the dark, resistant

volcanic flow rocks in the hillside.



PLATE VI
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Fi5ure 1. Looking southeast towards Phoenix from near
New River, Arizona Note the small fault-block hills
separated by broad detritus-filled valleys. Agua Fria

River in middleround flows from left to right.

Figure 2. Aerial view of andesite plug near New River,
Arizona, looking to the northeast.
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APPENDIX I - Description of Composite
Measured Sections

The following stratigraphie sections Illustrate

the typical rock types within the area studied. The

sedimentary rocks were megascopically described with

the aid of a binocular microscope. The volcanic rock

descriptions are based on megascopic and microscopic

observations. Thickness figures, in general, are

estimates of the thicknesses of individual beds.

Section 1

Measured In sections 10, 11, 12, T7N, R2E, Maricopa
County, Arizona.

unit
40 Basalt, black to dark gray, vesicles par-

tially filled with zeolites, forms cliffs
and steep boulder covered slopes, small
weathered phenocrysts (specimen no. 40)

Boulder covered slope . 25'

39 Lithic tuff, brown, massive, usually forms
covered slope, ash size particles, poorly
sorted, slight argillaceous and siliceous
cement (specimen number 39) 25'

38 Lithic tuff, white to cream, single thin bed
which forms small ledge, lapilli and ash
sizes, poorly sorted, medium to weak argil-
laceous and siliceous cement (specimen
number 38)

37 Tuffaceous sandstone, light brown, massive,
ash size, poorly sorted, medium argillaceous
and siliceous cement, base is sharp to grada-
tional (specimen number 37) 9'

36 Lithic tuff, gray-brown, massive, weathers
to a steep slope, ash and lapilli sizes,
poorly sorted, weak calcareous cement, base
concealed (specimen number 36) 8' plus

Covered slope 71
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thickness

15' plus



unit

35 Puffaceous sandstone, tan to light brown,
massive, weathers to steep partly covered
slope, ash and lapilli sizes, poorly sorted,
weak calcareous cement, base gradational
(specimen number 35) 10' plus

34 Tuffaceous sandstone, tan, massive, weathers
to covered slope, ash size, fair sorting,
weak siliceous cement, gradational into
underlying unit (specimen number 34) 6

33 Tuffaceous sandstone, gray to white, massive,
forms slopes, ash size, weak siliceous ce-
ment, base sharp (specimen number 33)

32 Tuffaceous sandstone, dark brown-gray, massive,
indistinct bedding, forms low slope, coarse
and fine grained sand, poorly sorted, poorly
cemented, fragments are pumice and partly
rounded mineral grains, base gradational
(specimen number 32)

31 Tuffaceous sandstone, gray to light gray,
massive, weathers to slope covered with
rounded cobbles of the rock, ash size, poor-
ly sorted, medium calcareous cement, base
sharp (specimen number 31)

30 Lithic tuff, light brown, thinly bedded,
forms small ledges, laminations thin to thick,
within each lamination sorting is good, ash
size, weak calcareous cement, base sharp
(specimen number 30)

64

thickness

3

51t
2

29 Lithic tuff, gray to light gray, thickly
bedded, weathers to steep slope wth oc-
casional resistant ledge, ash and lapilli
sizes, poorly sorted, medium calcareous
cement (specimen number 29) 6

28 Tuffaceous sandstone, tan, thinly bedded,
forms small cliff, various beds show graded
bedding, ash size, well sorted, medium cal-
careous cement, base sharp (specimen num-
ber 28) 2

27 Lithic tuf C, orange-gray, massive, weathers
to a slope, ash size, poorly sorted, weak
calcareous cement, base sharp (specimen
number 27) lI-1,
New line of section.

12'

1t_2?
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unit thicbiess
2 Calcareous sandstone, white, coarse to

medium, sub-rounded sand grains, well sorted,
fragments composed of quartz, pumice and other
minor constituents, strong caloareous cement,
shows cross-bedding on weathered surfaces
which indicates deposition from the east,
forms prominent cliff, base sharp (specimen
number 26) 20' plus

25 Conglomeratic sandstone, tan, coarse to fine
rounded sand, fair to poor sorting, composed
principally of pumice and quartz with volcanic
rock fragments, well cemented, weathers to
small cliffs (specimen number 25) 22'

24 Sandstone and siltstone, light tan, medium
sand to silt sizes, well sorted, well rounded
(coarser material) to rounded and subrounded
(finer material), medium to weak argillaceous
cement, some cross-bedding in the finer
material which indicates deposition was from
the east, composed of quartz, feldspar, and
other minerals, weathers to steep slope with
small ledges, base sharp (specimen number 24) 5

23 Conglomeratic sandstone, tan, massive, ir-
regular bedding, forms steep slopes, contains
granitic pebbles, poorly sorted, medium cal-
careous cement (specimen number 23) 13'

22 Sandstone, white, very coarse, rounded to
well rounded, well sorted, composed of feld-
spar, quartz, volcanic rock particles, medium
to weak calcareous cement, weathers to slabs
and a small ledge, base sharp (specimen
number 22)

21 Conglomeratic sandstone, brown, massive
and lenticular, weathers to a steep slope
with small ledges of indurated sandstone,
pebbles are composed of pumice or tuff, they
are pebble and granule size, well rounded,
fair sorting; the matrix is composed of
quartz, feldspar, hornblende, and some clays,
size varies from coarse sand to silt size,
poorly sorted, sub-rounded to rounded, ar-
gillaceous cement; there are small lenses
of conglomerate and indurated sandstone
throughout the unit, base sharp (specimen
number 21) ,,, 31'

1+'
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unit
20 Sandstone, light brown, sizes range from

pebble and granule through very coarse to
fine sand, poorly sorted, rounded to sub
rounded, granules and coarse sand are com-
posed of tuff and quartz with some feldspar
and other minor minerals, poor argillaceous
cement, weathers crumbly and to a slope,
base sharp (specimen number 20)

19 Pebbly sandstone, tan, very coarse and coarse
sand with a few pebbles and granules, rounded
to sub-rounded, the fragments are composed
of quartz, orthoclase, and other minor min-
erals, poor argillaceous cement, weathers
to steep debris covered slope, base con-
cealed (specimen number 19) 10'

Covered slope, new line of section.

18 Sandstone, tan-gray, coarse to fine sand,
rounded, fair to poor sorting, composed of
quartz, pumice, biotite, strong siliceous
and argillaceous cement, massive, weathers
to small ledge, base sharp (specimen num-
berl8) 4'

17 Tuffaceous sandstone, light gray, weathers
to small cliffs and steep slopes, volcanic
particles are ash size, elastic particles
are coarse to fine sand, poorly sorted,
moderate calcareous cement, base conceal-
ed (specimen number ly) 10' plus

Covered slope, new line of section.

16 Agglomerate, yellow-tan, irregular massive
bedding, weathers to a steep slope, contains
granitic pebbles cemented with volcanic
ash and calcite, poorly sorted, medium
cement, base concealed (specimen number 16) 3

16 Sandstone, white, coarse to fine sand,
rounded, fair sorting, composed of quartz,
schist fragments, and black accessory minerals,
strong siliceous and calcareous cement,
weathers into large slabs which cover a
slope, base is gradational and concealed
in most places (specimen number 15) 7

14 Conglomerate, light gray, massive, weathers
to a small ledge, pebbles are composed of
slate, quartz, schist, mostly granule size

thickness



unit
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thicknessbut a few of pebble size, rounded to sub-
rounded, good to fair sorting; matrix is com-
posed of quartz, feldspar, and black acces-
sories, coarse to medium grained, rounded,
weak argillaceous and caloareous cement,
base sharp (specimen number 14) 3/4'

13 Tuffaceous sandstone, light gray, massive,
thick to very thick laminations, weathers
to moderate slope with small ledges, ash and
lapilli sizes, poorly sorted, weak calcaréous
cement, fragments are almost wholly of vol-.
canic origin, base sharp (specimen number 13) 18'

12 Mudstone, white to tan, silt and clay sizes,
well sorted, argillaceous cement, splits
into small angular blocks, weathers to a
slope, base sharp where exposed (specimen
number 12)

11 Sandstone, white to light gray, medium to fine
sand, well sorted, rounded to sub-rounded,
composed of quartz, biotite, and feldspar,
strong siliceous cement, massive, weathers
to prominent ledge, base sharp (specimen
number 11) 2'

10 Tuffaceous sandstone, light tan, massive
with thick laminations, weathers to slope,
ash size with few lapilli size pumaceous
particles and a few quartz and granite rock
granules, well sorted, fair to weak calcar-
eous cement, base sharp (specimen number
10) 1

9 Volcanic agglomerate, yellow-green to tan,
massive with irregular bedding surfaces,
weathers to slopes or ledges, lapilli and ash
sizes, fragments are angular and pumaceous,
poorly sorted, weak siliceous cement, base
sharp and irregular (specimen number 9)

8 Tuffaceous sandstone, white, thinly to thickly
bedded, weathers to spheroidal pebbles, ash
size, well sorted, poor to medium siliceous
cement, base concealed (specimen number 8)

New line of section.

7 Hornblende andesite, light gray, weathers
to steep slope or cliffs, phenoorysts of
plagioclase, hornblende, olivine, base is

' plus



unit thickness
gradational into underlying breccia which
formed from this rock (specimen number 7) 25_35t

6 Coarse andesitic breocia, red-gray, weathers
to cliff or steep slope, block and lapilli
size, poor sorting, medium to strong calcar-
eous cement, base gradational (specimen
number 6) lO'-15'

5 Breocia, rust to reddish orange, weathers
easily but is protected by overlying unit,
lapilli size, fair to poor sorting, medium
calcareous cement, composed of pumice with
olivine, feldspar, amphibole, base grada-
tional (specimen number 5) 0_i,

4 Tuff breccia, reddish orange, weathers
readily, mostly ash size but some lapilli
sizes, poor sorting, calcareous cement, base
gradational (specimen number 4)

3 Andesite tuff, reddish orange, thickly bedded,
weathers readily but is somewhat protected
by overlying breccias and flows, ash size,
medium to weak calcareous cement, base sharp
and irregular (specimen number 3) 10

2 Hornbiende andesite, dark gray to black,
vesicles filled with calcite, forms steep
slopes and cliffs, surface shows effects
of chilling and brecciation, phenocrysts
or hornblende and pyroxene, base concealed
(specimen number 2) 25' plus

1 Hornbiende andesito, gray, vesicular, weathers
to cliffs and steep slopes, phenocrysts of
feldspar, hornblende, pyroxene, base con-
cealed (specimen number 1) 50' plus

Streambed of New River.

Section 2

Measured in sections 22 and 27, T9N, R2E, Yavapal
County, Arizona.

unit
43 Basalt, dark black, highly fractured, weathers

to cliff which caps the hills, phenocrysts
weathered away but appear to have been olivine,

68
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unit thicl&ness

base irrogular and difficult to distinguish
from underlying unit (specimen number 82) .. 15' plus

42 Basalt, dark purple-black, amygdaloids of
natrolite, opidote, and calcite, weathers to
a steep slope and small cliff, most of the
phenocrysts have been converted to limonite,
base usually concealed (specimen number 81) 8

41 Basalt, brown-black, b!ghly weathered, forms
very steep slope, no phenocrysts visible,,
base sharp (specimen number 80) 6

40 Sandstone, light brown, very coarse sand to
silt sizes, each layer of the unit has fair
sorting, well rounded to sub-rounded, composed
of quartz, biotite, augite, epidote, chlorite,
feldspar, hornblende; weak argillaceous
cement, layers alternate with coarse and fine
material,'weathers. to steep slope with small
ledges, base sharp but covered in places,
there is a discoloration at the top of the
unit - upper two inches is light green and
below for four inches are red-browns (specimen
number 79 and 78) 25'

39 Andesite, steel-gray, highly weathered, phen-
oorysts of feldspar, base is sharp and ir-
regular, thickness varies between five feet
and 11 feet (specimen number 77) 11'

38 Basalt, black, weathers to a small cliff or

a steep slope with angular blocks of basalt
on it, base sharp and irregular (specimen
number 76)

37 Andesite, brownish, whole is greatly weathered,

epidote amygdules, weathers to moderate slope,
phenocrystS are plagioclase and orthoclase,

base sharp (specimen number 75) 2-'

36 Sandy siltstOfle, light gray with blotches of

purple, silt size predominates but there is

some very fine sand size, well sorted, sub-
angular, composed of mica, quartz and other
minerals, medium argillaceous cement, through-

out there are purple patches parallel to the

bedding - these appear to have a high per-
centage of dark minerals, weathers to a

ledge or small cliff, base is regular and

sharp (specimen number 74) 1 3/41

UnM *f Ac Jf
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unit
35 Sandstone, red, very fine sand and silt

sizes, well sorted, sub-rounded to angular,
composed of muscovite, biotite, hornblende,
quartz, and feldspar, medium argillaceous
cement, weathers to small lodge, base mod-
erately sharp (specimen number 73)

34 Conglomerate, tan, massively bedded, weathers
to a steep slope with a small resistant lodge
at the top, pebbles are wholly of volcanic
debris and consists of anule and pebble
sizes, rounded to sub-angular, fair sorting;
matrix is composed of quartz, feldspar,
muscovite, and small volcanic rock fragments,
coarse to very fine sand, poorly sorted,
angular to rounded; strong siliceous cement,
base gradational and usually concealed
(specimen number 72) 6

33 Sandstone, pink-tan, predominantly fine sand,
good sorting, rounded to sub-rounded, composed
mainly of quartz with biotite, hornblende,
orthoclase, poor argillaceous and caloar-
eous cement, crumbly, weathers to slope,
(specimen number 71) 27t

32 Andesite, mottled gray, the upper surface
of this flow is very irregular showing relief
as much as five feet, weathers to cliffs
and slopes, phenocrysts have weathered to
limonite, base poorly exposed (specimen
number 70) 40t_501

31 Basalt, black, forms small cliffs, weathered
olivine phenoorysts, base sharp to concealed
(specimen number 69) 151_20t

30 Olivine basalt, gray, vesicular, calcite amyg-
dules, weathers to gentle slope, flaggy with

plates two inches to four inches thick,

phenocrysts weathered out but were plagioclase

and hornblende, base concealed (specimen

number 68)

29 Volcanic agg1onrate, purple-gray, occurs

as massive layer, weathers to steep slope,

ash and lapilli sizes, fair sorting, well

cemented with silica and calcite, base con-

cealed (specimen number 67) 17'

28 Basalt, black, weathers to cliffs and very

steep slopes, this unit has shed debris to

thickness

10'



unit
mask many of the lower units, weathers
blocky and rounded, phenocrysts of horn-
blende and olivine, base covered (specimen
number 66)

71.

thickness

55,

27 Andesite, reddish-brown, calcite amygdules,
forms steep slope, basal three and one-half
the calcite is extremely abundant in cracks
too, base concealed (specimen number 65) . 12'

26 Olivine basalt, very dark gray, weathers
dun color, weathers to steep slopes and five
to ten foot cliffs, phenocrysts of hornblende
and divine, base concealed (specimen num-
ber 64) 38T

25 Basalt, dark gray, natrolite and calcite
amygdules near the base, vesicular near the
top, weathers to steep slopes with small
cliffs, phenocrysts of plagioclase, base
concealed (specimen number 63) ............. 5*'

24 Conglorneratic sandstone, reddish-tan, very
coarse sand to very fine sand - coarse and
medium sand predominate, poor sorting,
rounded to well rounded, composed of quartz,
hornblende, biotite, muscovite; the granules
and pebbles are composed of quartz, feldspar,
arid volcanic debris; medium calcareous cement,
weathers to small cliffs, base sharp and
irregular (specimen number 62) .............. 371

23 Olivine basalt, dark gray, shows chilled
border at the base of the flow, weathers
to a smooth slope with blocky and flaggy
franents on the surface, phenocrysts are
feldspar, quartz, and minor other constitu-
ents, base sharp (specimen number 61)

22 Olivine basalt, black, weathers reddish-brown,
forms a vertical cliff, breaks off into blocks,
phenocrysts of olivine, base sharp arid ir-
regular, basal six inches to 18 inches is
fine grained and flaggy due to chilling of
the flow margin (specimen number 60) 19'

21 Basalt, reddish-purple, this flow has dis-
colored the upper five feet of the underlying
unit, forms small cliff but isn't very re-
sistant to w eathering, phenocrysts of divine
and hornblende (specimen number 59) 4 I
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unit thickness
20 Conglomeratic sandstone, light brown, coarse

sand predominates with granules and pebbles,
rounded to sub-angular, poorly sorted, com-
posed mainly of quartz, with hornblende,
garnet and pebbles composed of quartz, sohist,
gneiss but no pebbles of volcanic rock until
116 feet from the base of the unit; the unit
contains several pebble-cobble conglonrate
lenticles and lenticles of fine material
without pebbles, faint cross-bedding 20 feet
from the base indicates deposition from the
west; weak calcareous cement, crumbly,
weathers to steep slopes with small cliffs,
base concealed by gravels and fine sand,
upper five feet discolored to red-brown by
overlying flow (specimen number 58) 151'

19 Sandy siltstone, light tan, poorly sorted,
composed of quartz, mica, and some feldspar,
poorly cemented, weathers to smooth gentle
slope, base concealed '(no specimen) 15'

Covered area 51

18 Olivine basalt, dark purple, chalcedony filled
vesicles near base, flow has baked the under-
lying unit, forms small cliff, top surface
forms bench due to erosion of less resistant
overlying units, phenocrysts of weathered
olivine, base sharp (specimen number 56) 151

17 I&idstono, reddish-brown, clay size, well sorted,
argillaceous cement, weathers to small blocks,
crumbly, usually covered or appears as red
stain on slopes (specimen number 56a) 2'-5'

New line of section.

16 Hornblende andesite breccia, reddish-purple
to purple gray, massive, vesicular, the breccia
fragments are from the underlying andesite,
weathers to cliff or steep slope, base sharp

and irregular, contains calcite fracture
fillings (specimen number 55)

15 Hornbleflde andesite, dark gray, zeolite amyg-

dules, has baked the underlying tuff, surface

is irregular and grades into overlying breccia,

weathers to small cliff, phenocrysts of horn-

blende, base is sharp (specimen number 54) . lO'-l2'

10' plus



14 Sandy tuff, red-brown, massive, weathers
to slope, ash size, fair sorting, poorly
cemented, composed of pumice with grains of
quartz, base sharp (specimen number 53) ...

13 Sandy tuff, tan, massive, weathers to slope,
ash size, fair sorting, poor to medium cement,
composed of pumice with grains of quartz, and
other rock fragments, base sharp (specimen
number 52)

3*'

12 Tuff, white, massive bed, weathers to small
ledge, ash and lapilli sizes, poor sorting,
medium to poor cement, composed of pumice
fragments and a few rounded rock and mineral
grains, base sharp (specimen number 51) .... 3/4'-i'

11 Tuffaceous sandstone, light brown, massive,
weathers to a small ledge or covered area,
ash and sand sizes, fair to well sorted,
medium cement, composed of pumice, quartz,
biotite and dark minerals, base sharp (spec!-
men number 50) 2*t

10 Pebbly tuffaceous sandstone, light tan,
massive, weathers to a small ledge, ash and
lapilli sizes, fair to poor sorting, medium
to well cemented, composed of pumice with
grains of quartz, apatite, hornblende,
biotite, garnet, base sharp (specimen num-
ber 49)

9 Tuffaceous sandstone, tan, massive, weathers
to cliffs and steep slopes, ash size pre-
dominant - a few lapilli size particles are
present, fair sorting, medium cement, com-
posed of quartz, feldspar, and pumice, base
sharp (specimen number 48) 13t

8 Sandy tuff, white to light tan, massive,
weathers to slope, ash size, fair sorting,
poorly cemented, composed of pumice and some
quartz grains and. a few minute dark grains,
base sharp to gradational (specimen number
47)

7 Tuffaceous sandstone, light brown, massive,
weathers to steep slopes and small cliffs, ash
and lapilli sizes, composed of pumice and a
few mineral grains, fair sorting, poor ar-
gillaceous cement, base gradational (specimen
number 46)
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unit thickness
6 Tuffaceous sandstone, light brown to tan,

massive, weathers to steep slope or small
cliffs, ash and lapilli sizes, poor sorting,
medium argillaceous cement, composed of
plagioclase, quartz, biotite, and pumice,
base gradational (specimen number 45) 4,

5 Tuffaceous sandstone, light gray, massive,
weathers to covered slope, ash and lapilli
sizes, poorly sorted, weak argillaceous
cement, composed of quartz, plagioclase,
biotite, pumice, base gradational to con-
cealed (specimen number 44)

4 Tuffaceous conglomerate, composed of the same
material as-the underlying unit but contains
large pebbles of tuffaceous sandstone (no
specimen)

3 Tuffaceous sandstone, white to light gray,
thin irregular bedding, weathers to obscure
slope except where transected by streams,
ash size, fair sorting, poorly cemented,
composed of rounded quartz, biotite, and
feldspar grains and pumice, crumbly, base
covered in most places but is considered to
be manganiferous zone about three inches
thick, remainder of the unit contains dis-
seminated manganese grains and nodules
(specimen number 43)

2 Sandstone, light gray, very coarse sand to
silt, poorly sorted, well rounded to rounded,
composed mainly of quartz grains (clear to
frosted), accessory minerals include hornblende
and mica, weak to no cement, crumbly, weathers
to slopes, a few granules of schist, base
concealed (specimen number 42)

Covered area.

1 Very coarse conglomeratic sandstone, light
red, massive, lenticular, weathers to resistant
ledges; pebbles are granule size composed of
schist, quartz, some mica, rounded to sub-
rounded, fair sorting; matrix is quartz,
mica, hornblende, some feldspar, mostly
coarse and very coarse sizes, sub-angular,
weak calcareous cement, base sharp and ir-
regular (specimen number 41) 6-i-'

Yavapai series

Bottom of stream.

7

3,
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