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GEOLOGY OF THE SAGUARO NATIONAL 
MONUMENT AREA, PIMA 

COUNTY, ARIZONA

by

Robert A. McColly

ABSTRACT

In the west end of the Saguaro National Monument the Catalina 

gneiss which forms Tanque Verde Ridge is separated from a pediment 

cut in granite and schist by a major northeast-trending fault. The 

latter rocks were believed by B. N. Moore, et al. (1941), to be the 

Oracle granite and the Pinal schist, both Precambrian in age. Evidence 

collected in preparation of this thesis indicates that neither unit is older 

than Cretaceous. The schist is bounded on the north and south by steep 

normal faults along which vertical movements have occurred. The re la

tive amount of movement served to control the later erosion of the 

blanket of Miocene(?) Pantano sediments which overlie the schist and 

granite. These faults also formed zones of weakness along which in

trusive bodies of andesite were emplaced. The andesite and the Pantano 

sediments were both capped by later flows of rhyolite. Blocks of
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unmetamorphosed sediments occur lying across the gneiss/granite- 

schist contact. Moore, et al„, considered these rocks to represent a 

thrust slice of Cretaceous sediments, moved in from the west. 

Paleozoic fossils reported by J. H. Feth (personal communication), 

and fieldwork by the author show that the sediments are Permian(?) 

in age, and that they were probably emplaced from the east by gravita

tional gliding.
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1. INTRODUCTION

(1.1) Purpose and Scope of Study

The object of this thesis was to map and study the geology of a 

portion of the Saguaro National Monument to obtain new information 

concerning the sequence of geological events which occurred in this 

area, and to relate this information to the overall geologic history of 

the Santa Catalina-Rincon-Tanque Verde Mountain mass.

The conclusions stated in this thesis are based upon the results 

of 16 weeks of field mapping done mostly during the summer of 1960, a 

review of all of the available literature pertaining to the area, a study 

of 36 petrographic thin sections prepared from specimens collected 

while mapping, and an analysis of both high and low level photographs 

of the thesis area and the surrounding countryside.

(1.2) Location and Access

The area studied lies northwest of Tanque Verde Ridge in the 

extreme west end of the Saguaro National Monument, approximately 17 

miles east of Tucson, Arizona. It lies in secs. 15, 16, 17, 18, 19, 20, 

21, 22, 27, 28, 29, 30, 32, and 33 of R. 16 E ., T. 14 S., Pima County, 

Arizona. About 8 square miles were actually mapped, including nearly
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all of secs. 20, 21, 28, 29, 32, and 33.

The area is easily accessible from Tucson by good paved 

roads. The most direct route is by way of East Broadway or Twenty 

Second Street to the Old Spanish Trail which leads directly to the Monu

ment entrance. An alternate approach can be made from U. S. Highway 

80 by turning north at Vail J e t., and driving through Vail and Colossal 

Cave County Park. The latter route, while perhaps more scenic, is 

somewhat longer and is not entirely hard surfaced. In the Monument, 

the Scenic Loop Drive passes within a mile of nearly every point in the 

thesis area.

(1.3) Climate and Regional Setting

Except for the higher mountainous portions, the Saguaro 

National Monument is part of the Lower Sonoran Desert section of the 

Arizona Basin and Range Province. This climatic and life zone is char

acterized by extreme heat and aridity through much of the year. Sum

mer temperatures often exceed 100°F during the day and average 70°F 

at night. During the winter months, day temperatures seldom exceed 

70°F or drop lower than 35°F at night. Most of the annual precipita

tion takes place during the months of July and August, but some rains 

usually come in late December or early January, and occasional 

showers occur in other months. Total precipitation is usually less 

than 12 inches per year.
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The most prominent vegetative feature of the landscape is the 

giant Saguaro cactus, though a variety of small trees, bushes, shrubs, 

grasses, and other cacti are also widespread.

Native animals include many varieties of insects, birds, 

rodents, and reptiles. Javelina, coyotes, white-tailed deer, and 

Mexican mule deer can also be seen occasionally.

(1.4) Method of Study

Geologic field mapping constituted the largest portion of the 

problem. Mapping was done on aerial photographs obtained from the 

Tucson architectural firm of Blanton and Cole. These photographs 

have an average scale of 1:9,300, or approximately 775 feet to the inch, 

and were probably taken in 1957. High altitude photos taken by the U S. 

Department of Agriculture (Forest Service, DUR series) were used in 

interpretation of geomorphic and structural features. These photos 

were taken in 1954 and have an average scale of 1:40,000.

A portion of the Rincon Valley Quadrangle map of the U. S. 

Geological Survey 15-Minute Series (Topographic) was enlarged from 

a scale of 1:62, 500 to 1:9,300, and used as a base for the geologic map. 

Sufficient control was established to eliminate a large part of the error 

introduced by photo distortion.

Thin sections of various specimens collected in the field were 

made and studied primarily to assist in the identification of the different
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rock types. Information obtained from the study of these thin sections 

is described and discussed in later paragraphs.

The point diagrams were constructed according to the method 

described by Billings (1956).

(1. 5) Previous Work in the Area

No detailed geologic study has been completed previously in 

this area. Klaus Voelger (1953), described an outcrop of poorly con

solidated clastic sediments of Tertiary age exposed near the Loma 

Verde Mine in his thesis on Cenozoic deposits in the southern foothills 

of the Santa Catalina Mountains. John H. Feth (personal communica

tion) made a reconnaissance study of the northern part of the area in 

1948 at the request of the National Park Service, which was interested 

in finding favorable sites for water wells in the west end of the Saguaro 

Monument. B. N. Moore, et al. (1941), in the U. S. Geological Survey 

open-file report on the Tucson Quadrangle, have mapped the entire 

Santa Catalina-Rincon- Tanque Verde Mountain complex on a scale of 

1:62, 500. Their map includes the area of this thesis, but shows little 

detailed geology. The geologic map of Pima County, with a scale of 

1:375,000, issued in 1960 by the Arizona Bureau of Mines, incorporates 

Moore's map.



2. DESCRIPTIVE GEOLOGY

(2.1) General Discussion

Three rock units underlie nearly all of the mapped area.

These units are a schist, a granite, and a gneiss. The central portion 

of the area is underlain by the schist unit which contains quartzite, 

phyllite, and gneiss as well as the predominating schistose rocks. B.

N. Moore, et al. (1941) believed this schist unit to be the Pinal schist, 

and the granite to be the Oracle granite, both Precambrian in age. 

However, detailed field and petrographic work strongly indicates that 

the sediments from which the schists were formed were Cretaceous in 

age, and that the metamorphism of these sediments and the emplace

ment of the granite occurred during Laramide time. The schist unit 

is nearly surrounded by the granite, which is clearly intrusive and 

commonly contains schist inclusions. These inclusions are especially 

numerous near contacts, and are generally small, seldom exceeding a 

foot in length. The schist and the granite are separated from the gneiss 

by a northeast-trending fault. This gneiss is the Catalina gneiss which 

forms the core of the Santa Catalina-Rincon-Tanque Verde Mountain 

mass.
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Remnants of rhyolite flows, a group of small andesite plugs, 

and various dikes ranging in composition from granite to diabase are 

found locally within the area.

Sedimentary rocks include some poorly sorted and consolidated 

clastic sediments which are probably part of the Pantano formation of 

Miocene(?) age, and a series of alternating limestones, dolomites, 

sandstones, conglomerates, and shales which have been called Creta

ceous, but which are more likely part of the Earp formation of upper 

Pennsylvanian-lower Permian age. This latter formation occurs as a 

group of intricately faulted blocks of sediments lying directly upon the 

fault contact between the granite or schist units and the Catalina gneiss. 

If the assigned ages of this sedimentary formation and the schist are 

correct, the sedimentary formation must have been emplaced either by 

thrust faulting, or as a landslide block. Although neither mechanism 

can be definitely proved or disproved, the latter alternative is the most 

probable.

(2.2) Topography

(2.2.1) Relief

The western two-thirds of the area is a dissected pediment 

which has been formed in the granite and schist units. These rocks 

crop out along washes and on low, gently rounded hills which rarely
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exceed 50 feet in height. Generally exposures are poor, and quite 

limited in extent. Recent alluvium, ranging in thickness from a few 

inches to several feet, covers most of the pediment. This blanket of 

alluvium is a typical piedmont deposit of clastic material ranging in 

size from fine sands to small boulders. To the north, west, and south

west, the alluvium thickens and covers all of the bedrock. Due to the 

thick cover, it is difficult to determine the extent of the pediment, but 

it probably does not extend westward beyond Pantano Wash.

The volcanic breccias and rhyolites are remnants of more ex

tensive deposits, and are found on rocks as young as the Miocene(?) 

Pantano formation. They are found capping rounded hills which rise  

50 to 100 feet above the pediment surface.

The sedimentary series of limestones, dolomites, sandstones, 

conglomerates, and shales form a line of prominent hills along the con

tact of the schist unit with the Catalina gneiss. Steep slopes occur 

where resistant beds crop out on the hillsides.

East of the sedimentary block, the Catalina gneiss forms a 

series of bare hills which become progressively larger and higher until 

they merge into the main mass of Tanque Verde Ridge. This ridge ex

tends southwest from the northern end of the Rincon Mountains, and 

rises to an altitude of over 6,000 feet.

Thus, the two most prominent geomorphological features of 

the area are the Tanque Verde Ridge extension of the Rincon Mountains,
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and the dissected and generally covered pediment surface which lies 

northwest of the ridge.

(2.2.2) Surface Drainage Pattern

Extensive drainage patterns have developed only upon the 

schist unit, the Catalina gneiss, and the recent alluvium. All other 

rock units are either too limited in extent to have developed distinct 

patterns, or are mostly covered by alluvium.

The drainage pattern on the alluvium is dendritic, though local 

angularity reflects joints and faults in the underlying bedrock.

On the schist unit, the overall pattern is quite similar to that 

of the alluvium, since the schist is largely covered with alluvial mate

rial, most of which has developed in place.

The drainage pattern on the gneiss varies with the elevation.

On the higher portions of Tanque Verde Ridge, a trellis, or rectangular 

pattern has developed due to strong structural control imposed by faults 

and joints. Right-angle intersections between tributary and main washes 

are common. At lower elevations structural controls are less pro

nounced, but can still be detected. The overall pattern is dendritic, 

but it tends to become parallel on the pediment surface.
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(2.3) Metamorphic Rocks 

(2.3.1) Schist

The term "schist unit" is used as a convenient mapping term 

for a series of metamorphic rocks which are predominantly composed 

of schistose rocks, but which includes other metamorphic rocks as 

well. Field and aerophotographic studies clearly show that these rocks 

occur as a single unit. The schist mass is roughly triangular in shape, 

and is about 1.3 square miles in area. It is located just east of Free

man Road at the extreme west end of the Saguaro National Monument. 

Individual outcrops are generally both small and poorly exposed. They 

are, however, sufficiently numerous and well spaced to permit accurate 

mapping of the unit as a whole. The schistosity of the rock is apparently 

parallel to the original bedding in the few places where bedding can be 

distinguished. In mapping the schist unit this relationship has been as

sumed to be consistent throughout the entire unit. Variation in the at

titude of the schistosity indicates that the beds composing the schist 

unit are warped into gentle folds. Since no consistent trends were ob

served which would indicate the existence of any major structures, it 

is assumed that these folds are merely undulations in a generally flat 

lying unit. The thickness of this schist unit is unknown, although field 

observations indicate that it must be at least several hundred feet thick.

The study of aerial photographs reveals the presence of several
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faults cutting across the schist, though there is little evidence of them 

on the ground. Poor exposures and lack of marker horizons make it 

impossible to establish an accurate section within the schist unit, or to 

determine whether or not there has been repetition of section along these 

faults.

The schist is in fault contact with the Catalina gneiss on the 

east and southeast. It disappears under alluvium to the south and south

west, and is intruded by the granite to the west, north, and northeast. 

Later faulting has caused displacement of the schist relative to the 

granite on the north. The intrusive contact of the granite into the 

schist can be traced for over a mile, though it is poorly exposed, and 

its exact location at most points is uncertain. However, careful obser

vation usually makes it possible to estimate the actual location of the 

contact within a very few feet. The distribution of granite outcroppings 

indicates clearly that the granite intruded the schist unit irregularly as 

apophyses or dikes along the contact. Where an actual contact can be 

seen it is usually well defined, although the granitic magma, or fluids 

accompanying it, penetrated the schist and caused the growth of quartz 

and feldspar crystals along foliation planes. Chloritization and local 

epidotization of the schist also occurred along this contact. Alteration 

is limited in extent, however, and can seldom be found at distances of 

more than a few feet from the actual contact. Most of the inclusions of 

schist found in the granite have also been altered to chlorite.
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The schist unit includes quartzite, gneiss, schist, and phyllite. 

Descriptions of typical members are listed below. Color descriptions 

and code numbers are taken from the rock color chart of the National 

Research Council. Percentage values for minerals are approximations.

Quartzite: The color of the quartzite ranges from light olive 

gray (5 Y 6/1, 5 Y 4/1) to brownish olive gray (5 YR 4/1). The rock is 

massive with a microcrystalline texture. Grain boundaries are indis

tinct as a result of metamorphism, which also caused fine parallel 

shearing. The rock is composed largely of quartz (99%+), with less 

than 1 percent garnet, probably aim an elite, occurring as scattered sub- 

hedral crystals. Probably less than 1 percent of the total schist unit is 

of this type.

Dark colored gneiss: This rock is a dark greenish gray to 

olive black (5 Y 2/1). It is very thinly banded with a microcrystalline 

texture. The rock consists of alternating light and dark bands, some 

of which are sharply folded. The light bands are composed of quartz 

(45-50%), and the dark bands are plagioclase (40-45%) with perhaps 

biotite and chlorite (5-10%). Garnets are also present (1-3%). Less 

than 1 percent of the schist unit is this variety.

Light colored gneiss: Colors of this rock vary from grayish 

orange pink (5 YR 7/2), to grayish orange (10 YR 7/4), to yellowish 

gray (5 Y 8/1). It has a thin banded, very fine-grained texture, and is 

composed of quartz (80-90%), sericite (10-20%), and garnet, probably



almandite (1%). This variety is more common than the dark colored 

gneiss and probably forms about 5 percent of the schist unit.

Schist (Inclusions): The inclusions of schist found in the granite 

are generally a dark-greenish-gray color (5 GY 3/1). Most of them are 

schistose, although some are finely banded and silicified. Textures 

range from dense to medium grained. Most of the original minerals 

have been altered to chlorite, which was in turn penetrated by fluids 

associated with the granite intrusion. These fluids have caused the 

growth of quartz and feldspars, mostly plagioclase, as phenocrysts 

within the inclusions. Although found throughout the granite, the schist 

occurring as inclusions forms a very small fraction of the total amount 

of schist in the area, certainly less than 1 percent.

Quartz sericite schist: The average color of this rock is 

yellowish gray (5 Y 6/1) to yellowish gray green. The texture is mas

sive, schistose, and fine to very fine grained. The schist contains 

quartz (65-70%), sericite (15-20%), feldspars (10-15%), and garnet (1- 

2%). Limonite staining occurs locally. The occurrence of the feld

spars suggests that the original material may have been a sandy arkose. 

This rock forms 15 to 20 percent of the schist unit.

Andalusite sericite schist: This rock ranges in color from a 

light olive gray (5 Y 5/2) to light brownish gray (5 YR 6/1), and forms 

approximately 10 to 12 percent of the schist unit. The rock is strongly 

foliated, with coarse inch-long crystals of andalusite occurring in the

13
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planes of schistosity. These porphyroblasts have been altered almost 

entirely to sericite. The rock texture is fine grained and very schistose. 

Component minerals include sericite (40-50%), quartz (35-40%), andalu- 

site (mostly altered to sericite, 15%), chlorite (2-3%), garnet and 

tourmaline (less than 1% combined).

Sericite quartz schist: This schist variety is pale yellowish 

brown (10 YR 6/2) to light brownish gray green. It is quite schistose, 

with a silky luster on all planar surfaces. It is composed of sericite 

(50-55%), quartz (30-35%), feldspar, orthoclase(?), as thin bands (10- 

15%), traces of garnet, and local limonite stain. This rock may have 

been formed from arkosic sediments. Nearly a quarter of the schist 

unit is composed of this rock type.

Phyllite: The unaltered phyllite is a medium light gray to light 

bluish gray (5 B 6/1) in color, is highly schistose, and has a pronounced 

luster or sheen. Some phyllites have a crinkled foliation, and are 

stained with hematite so that their color ranges from light brown (5 YR 

5/6) to a moderate reddish brown (10 R 4/6). The rock is fine grained 

with the exception of large porphyroblasts of chlorite, which have 

formed parallel to the planes of schistosity. The average composition 

of the phyllite is: chlorite (15-20%), quartz(?), sericite (80-85%), and 

garnet (almandite? 1-2%). This rock is an important constituent of the 

schist unit, forming 35 to 40 percent of the total mass.

The rocks which make up the schist unit were obviously formed
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from sedimentary rocks by the processes of regional metamorphism.

On the basis of the degree of metamorphism, and a general lithologic 

similarity, B. H. Moore, et al. (1941), considered the unit to be the 

Pinal schist and the granite to be the Oracle granite, both Precambrian 

in age. Lance (1959) describes the Pinal schist as, . . generally green

ish gray in color, often with a satiny luster. The formation consists 

chiefly of muscovite-quartz and chlorite-muscovite-quartz schist with 

local units composed of quartzite, amphibolite and feldspathic schist. 

Mineralogically, most of the Pinal consists of quartz and sericite or 

muscovite with zircon, tourmaline, hornblende, biotite, magnetite and 

chlorite present as accessory m inerals." From this it can readily be 

seen that there is a lithologic similarity between the Pinal schist mid 

the rocks from the schist unit described above. In other respects there 

is markedly less similarity. The Pinal schist is generally strongly 

folded and highly contorted, evidence of having undergone intense defor

mation. In contrast, the schist unit in the Saguaro Monument appears 

to be comparatively flat lying and undisturbed. Complex folding has 

taken place throughout the unit, but these are large open folds, quite 

unlike the tight, complex ptygmatic folds characteristic of the Pinal 

schist. Contact relationships are also significant. In the northwest 

end of the Santa Catalina Mountains, the Oracle granite has gradational 

contacts with the Pinal schist. The size and nature of this contact zone, 

along with various other evidence, has served as a basis for the
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hypothesis that .. much schist has become granite by recrystalliza

tion and metasomatism" (Banerjee, 1957). In the Saguaro Monument 

area the schist-granite contacts are quite sharp with only minor re 

actions occurring between the two units. There is no evidence to in

dicate that the contact is anything but intrusive. In addition, the Pinal 

schist usually displays strong northeast structural trends. In the 

Saguaro Monument schist unit the dominant structural trends are east 

to east-southeast, and over a large part of the schist unit, northeast

trending structures are the least prominent of all. While negative 

evidence of this nature is admittedly inconclusive, the significant fact 

remains that the metamorphosed rocks in the Saguaro Monument are 

remarkably undeformed to be rocks of older Precambrian age in one 

of the most tectonically active areas of southeastern Arizona.

A study of specimens from the schist unit indicates that these 

rocks were probably formed from a series of clastic sediments, pre

dominantly sandstones, siltstones, and clays. Some of the sandstones 

were probably arkosic. The thickness of the metamorphosed unit is 

unknown, but at least several hundred feet of sediments are repre

sented. In southern Arizona, clastic sediments of this magnitude were 

deposited only during Precambrian and Cretaceous times. In view of 

the objections noted above to the schist unit being Precambrian in age, 

it is proposed that these rocks are probably Cretaceous, and were 

metamorphosed during Laramide time. Proof of the age of this unit
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will require new information. The dating of the intrusive granite by 

geochemical techniques, or the determination of the thickness of the 

schist unit and the nature of the underlying rocks by drilling, would be 

most helpful in solving some of the problems for which only tentative 

answers can be offered now.

(2.3.2) Gneiss

The gneiss in the Saguaro National Monument area is the 

Catalina gneiss, which forms the central core of the Santa Catalina- 

Rincon- Tanque Verde Mountain mass. A northeast-trending fault sep

arates this unit from the other rocks in the area. It lies on the eastern 

side of this fault, extending upward and to the east to form Tanque Verde 

Ridge and the main mass of the Rincon Mountains. The Catalina gneiss 

has been divided by R. L. DuBois (1959) into three subtypes. These 

are: banded augen gneiss, augen gneiss, and granitic gneiss-gneissic 

granite. All of these types occur in the Saguaro Monument area. The 

banded augen gneiss, or ’’injection” gneiss, represents a lit-par-lit in

jection of fluids of granitic composition into the original sediments 

along planes of bedding and foliation. Alteration and recrystallization 

of minerals caused the transformation of the sedimentary rock to its 

present state. The resulting gneiss consists of alternating light and 

dark bands, with the darker material representing the altered sedi

mentary host rocks, and the lighter bands being the ’’injected” granitic
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material. Although very common in the southern parts of the Santa 

Catalina Mountains, only a few small blocks of banded augen gneiss 

occur in the Saguaro Monument area. The massive outcrop at stop #5 

on the scenic Loop Drive is the best exposure of this type of gneiss in 

the area studied. Outcrops of other varieties of Catalina gneiss can be 

seen along the Loop Drive for 2 or 3 miles before arriving at stop #5.

The various gneissic rocks which compose the Catalina gneiss 

are gray in color and are characterized by simple mineralogy. Quartz, 

feldspars, and micas make up the bulk of this unit, with garnet and 

epidote occurring locally. Petrographic work on this unit has been 

done by R. L. DuBois (1959), and detailed descriptions of the different 

gneisses may be found in his paper.

The geologic history of the Catalina gneiss is quite complex, 

and interpretation is rendered difficult by the deformed nature of the 

gneiss and related units. Although several theories have been pro

posed attempting to explain the origin of the gneiss-granite complex, 

no single theory is as yet generally accepted. An adequate discussion 

of this problem is beyond the scope of this thesis, but those interested 

may find excellent reviews of this subject in the two Arizona Geological 

Society Guidebooks for southern Arizona (C. S. Bromfield in Guidebook 

I, and R. L. DuBois in Guidebook n).
The following facts seem to be fairly well established. Two 

periods of metamorphism have affected this unit, with the second of
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these periods and the elevation of the Santa Catalina-Rlncon-Tanque 

Verde Mountain mass occurring since Cretaceous time (DuBois, 1959). 

The Catalina gneiss was derived from both igneous and metasedimentary 

rocks. Petrographic evidence suggests that the original metasedimen

tary material which was incorporated into the Catalina gneiss was 

probably the Pinal schist (DuBois, 1959).

The chief problem is that of determining the relative importance 

of the two periods of metamorphism in the different parts of the gneiss. 

Recent study of material from the Santa Catalina Mountains indicates 

that at least locally the present gneissic structure was developed during 

the more recent period of metamorphism. On the other hand, the 

presence of unmetamorphosed Paleozoic sediments on the gneisses of 

the Tanque Verde Mountains suggests that the gneiss may have formed 

prior to the deposition of the sediments, since any Laramide meta

morphism sufficient to have formed gneiss should have affected the 

overlying blanket of Paleozoic rocks as well.

(2.4) Igneous Rocks

(2. 4.1) Granite

The granite unit probably forms the major portion of the pedi

ment which lies northwest of Tanque Verde Ridge. It surrounds the 

schist unit on the east, north, and west, and perhaps on the south as
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well. Granite outcrops are found to the northwest beyond Twin Hills, 

and northeast beyond the abandoned Loma Verde Mine. To the east the 

granite is limited by the northeast-trending fault which separates the 

Catalina gneiss from the schist. To the north and west, the granite 

eventually disappears beneath alluvium. Although outcrops are 

scattered and generally small, the evidence indicates that all of the 

granite is part of one large intrusive mass. Nearly all of the granite 

in the mapped area is massive and coarse grained, but dikes and 

occasional sills of aplite and medium-grained granite also occur. These 

are most frequently found near the schist-granite contact on the north

west side of the schist unit. The granite dikes and sills are found in 

the schist unit only. In part, these finer grained rocks may be chilled 

margins caused by the injection of the granitic magma into cooler 

schists. However, some of the aplite dikes found near the contact zone 

cut the coarse-grained granite as well as the schist, and probably rep

resent a late differentiate of the intrusion, which was emplaced after 

most of the granite had solidified.

The granite in the Saguaro National Monument is a pinkish- 

gray (5 YR 8/1), coarse-grained rock, containing phenocrysts of 

microcline as large as 1-1/2 inches wide, by 2 inches long. Textural

ly, the granite is a coarse-grained, interlocking mosaic of quartz and 

feldspars. Nearly 40 to 45 percent of the rock is quartz, which is often 

clear and glassy. Feldspar minerals include orthoclase (10-15%),
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microcline (15%), and plagioclase (5-10%). Biotite is black and glossy, 

occurring as "books” a quarter of an inch in diameter, which are fre

quently surrounded by halos of iron staining. Biotite composes 10 to 

12 percent of the total rock. The granite has been generally sheared, 

but appears to be fairly fresh. Halos around biotite and occasional 

leached feldspars indicate the beginning of weathering processes. Near 

fault zones the granite is severely sheared and hematite stained. In 

such places it is weakened to the point where large pieces can be 

crushed in the hand. Inclusions of schist are commonly found in the 

coarse-grained granite. All are small, with the largest of them less 

than 12 inches in the longest dimension. The composition of these in

clusions is discussed in the section on the schist unit.

Somewhat finer grained facies of the coarse-grained granite 

occur near contacts with the schist. These are considered to be 

apophyses and chilled margins of the main intrusive body. In compo

sition they are apparently identical to the coarser granite.

The age of the granite is no more certain than that of the 

schist. B. N. Moore, et al. (1941) believed this unit to be the Oracle 

granite, a name originally applied to granitic rocks found at the north 

end of the Santa Catalina Mountains. The Oracle granite was named 

for the nearby town of Oracle by Tolman in 1903, and is considered to 

be older PreCambrian in age. The reasons for believing that the granite 

in the Saguaro National Monument was Oracle granite were lithologic
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similarity, and the relationship to the schist unit, which they thought 

to be the older Precambrian Pinal schist. The distinct possibility of 

the schist unit being post-Cretaceous instead of Precambrian has al

ready been discussed. If true, this requires that the granite intruding 

the schist be post-Cretaceous also. Unfortunately, conclusive proof is 

lacking for either possibility.

Work by Banerjee (1957) on the Oracle granite indicates that 

much of that unit was formed from the Pinal schist by metasomatism, 

lit-par-lit injection, partial melting in place, or some combination of 

these mechanisms. This interpretation is supported by the fact that 

the contact between the two units is a completely gradational one, which 

ranges up to half a mile in width. He further states that there is no 

petrographic evidence which would require any of the granite to have 

been molten at any time, and considerable indication that some parts 

of it never were molten. He doesnft  say that the re st of the granite 

could not have been molten, but he does point out that structural evi

dence fails to support any such theory.

The granite in the Saguaro National Monument differs from 

this description in several important respects. There is a marked 

contrast in the nature of the respective schist-granite contacts. The 

Monument granite appears to have been emplaced as a molten intrusive. 

In addition, although swarms of oriented inclusions, with individuals 

several feet in length, occur in the Oracle granite, only small scattered
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inclusions can be found in the Saguaro Monument granite, and most of 

these are near contact zones. Foliation is a prominent feature of the 

Oracle granite, and is fairly uniform throughout the unit. In contrast, 

foliation seems to be lacking in the Saguaro Monument granite, although 

observations of unsheared granite are limited. Despite a few points of 

similarity, such as the large microcline crystals found in both units, 

the majority of the evidence would appear to indicate that the granite 

in the Saguaro National Monument is not the Oracle granite.

(2.4.2) Andesite

The andesite at Twin Hills and the Saguaro National Monument 

is a distinctive gray-green porphyritic rock which commonly weathers 

to a purplish-brown color. The phenocrysts of plagioclase which occur 

in this unit are sufficiently conspicuous to have earned for this rock the 

unofficial sobriquet of "Turkey-track" andesite. The most remarkable 

feature of this unit is the apparently widespread occurrence in southern 

Arizona. Outcrops of this material occur in the Santa Catalina Moun

tains, near the San Xavier Mission, in the Tucson Mountains, and in 

other scattered localities in the vicinity of Tucson. The field evidence 

gathered thus far is insufficient to determine whether all of these occur

rences have a common age and origin or not. Field evidence indicates 

that those within the area of this study were derived from a single 

source. The andesite occurs as scattered plugs, ranging in size from
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less than 100 feet, to nearly 1,000 feet in diameter. Three plugs are 

located within the area mapped for this thesis, and all of these are 

within half a mile of the old Loma Verde Mine. All of the plugs occur 

in the granite pediment west of the fault which separates the Catalina 

gneiss from the schist and the granite. The location of the plugs ap

pears to be controlled by faulting, since they are all found along the 

traces of prominent faults or near fault intersections. Two plugs, in

cluding the one at Twin Hills, just west of the mapped area, have 

forced their way up along the same northwest-trending fault. Although 

the andesite has apparently intruded the granite along these fault zones, 

no definite intrusive contacts have been observed. The only granite- 

andesite contact found thus far is located in a wash to the southeast of 

the Loma Verde Mine, and may well be a fault contact. For some 

distance adjacent to the contact, the granite is crushed and gougy. The 

andesite is much less broken than the granite, and although strongly 

sheared, retains its identity to within an inch of the contact. The con

tact strikes roughly N. 85° E ., and has a nearly vertical dip.

Unaltered andesite is pale grayish olive (10 Y 5/2), but near 

hematite-bearing veins which occur at intervals throughout the unit, 

bleached and iron-stained varieties of andesite are found as well. The 

hematite-stained portions are found next to the veins, then the bleached 

zone, and finally the gray-green, relatively unaltered rock. The 

bleached zones are a medium light gray to greenish gray (5 GY 6/l),
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and the iron-stained rock ranges from dark grayish red (5 R 3/2), to 

very dusky red purple (5 RP 2/2). The veins themselves are usually 

less than an inch in width, and contain chalcedony, jasper, and calcite 

as well as iron minerals. The bleached and the iron-stained zones vary 

in width, but measurements are more conveniently expressed in inches 

than in feet. The most prominent feature of the andesite is the occur

rence of large euhedral phenocrysts of plagioclase, which range from 

half an inch, to over an inch in length. These phenocrysts make up 30 

to 40 percent of the rock, and probably have a composition between 

calcic andesine and oligoclase.

The andesite plugs are definitely younger than the granite or 

the Catalina gneiss because they are localized by faults within these 

rocks. Conversely, field evidence indicates that they are older than 

the rhyolite flows, since andesite plugs are found overlain by rhyolite 

at Twin Hills and within the Monument area. The andesite is found in 

contact with the Pantano formation in the big wash east of the Loma 

Verde Mine. The strike of the contact is S. 75-80° E ., while the dip 

varies from 55° to 85° to the northeast. Since the bedding of the 

Pantano formation has the same attitude as this contact, it is possible 

that the Pantano sediments were deposited directly upon an erosion 

surface formed on the andesite. This could be a fault or an intrusive 

contact, however, since the exposure is very limited, and andesite 

pebbles are lacking in the sediments near the contact. Voelger (1953)
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believed this contact to be a fault, with the sediments being older than 

the andesite. This is in agreement with work done by Feth (1948), who 

also found evidence that the andesite was the younger of the two units, 

and considered them to be separated by a fault. The alteration of the 

andesite along the contact could be explained by faulting, especially 

since it occurs in a zone of fault intersections. However, it seems 

remarkable that a fault would lie parallel to the bedding in the Pantano 

formation. On the other hand, similar andesites are known to intrude 

lower members of the Pantano formation in nearby localities, and this 

may have occurred here, with the intruding plug tilting the Pantano 

beds into a pseudoconcordant position. The fact that the dip of the 

Pantano beds at this contact is opposite to the dips measured else

where in the area supports this idea, while the broken character of 

the andesite along the contact, and the apparent lack of flow structure 

seem to refute it. Even though the evidence is not entirely conclusive, 

the contact between the andesite and the Pantano formation is probably 

either intrusive or faulted, with a fault being the most likely. Proof 

of the age relationships between these units will require some better 

exposures.

(2.4.3) Rhyolite

Remnants of rhyolite flows occur along the northwest-trending

fault which forms the northern boundary of the schist unit. The best
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exposures are found at Twin Hills, and on a hill half a mile northeast of 

Observation Hill. At both of these localities the rhyolite occurs as 

flows up to 30 feet thick, and displays well-developed flow structure. 

Elsewhere thick rhyolite float occurs, marking extensions of the orig

inal flow which have been broken up by erosion. This type of occurrence 

is found at the Loma Verde Mine, at Observation Hill, and locally be

tween the two.

The rhyolite is a pale yellowish brown in color, ranging from 

10 YR 6/2 to 10 YR 7/2 on the rock color chart. This material com

monly weathers to a light brown (5 YR 5/4), or grayish orange pink 

(5 YR 8/2). Most of the rhyolite is actually a rhyolite breccia, with 

fragments of darker rhyolite embedded in a lighter cryptocrystalline 

matrix. Some of these fragments appear to be partially assimilated. 

Scattered flakes of phlogopite, and quartz eyes up to an eighth of an 

inch in diameter are also common.

At the abandoned Loma Verde Mine, copper mineralization is 

found in rhyolite overlying the western edge of the largest of the three 

andesite plugs within the Monument area. The copper minerals include 

malachite, chrysocolla, and chalcocite, which occur as coatings along 

fractures in the rhyolite. Since no hypogene sulfide minerals, leached 

cavities, or relief limonites were seen anywhere in the area, the copper 

minerals were probably deposited from migratory copper solutions 

coming in from some outside source. This interpretation is supported



28

by the fact that the andesite and all younger rocks are generally con

sidered to be of post-mineralization age in southern Arizona, If this is 

true, the copper-bearing fluids must have originated elsewhere, either 

at depth, or by leaching of low disseminated values from the schist or 

gneiss. In either case, the northeast-trending fault at the base of 

Tanque Verde Ridge probably served as a channel for the fluids. Other 

copper prospects, such as the Pontatoc Mine, are found along boundary 

faults of the Santa Catalina Mountains, and since the Loma Verde Mine 

is only a few hundred feet from one of these faults, it seems reasonable 

to suspect that it is an occurrence of a similar kind.

The relationships between the rhyolite and other units in the 

area indicate that rhyolite flows of at least two different ages have oc

curred in the Saguaro Monument area. This is suggested by field 

evidence at Observation Hill, where rhyolite pebbles and cobbles are 

found throughout a 150- to 175-foot section of Pantano formation. This 

implies a source of rhyolitic material separate from the flow remnants 

which now cap the Pantano sediments. The location and extent of these 

earlier flows is unknown. All of the flow remnants which remain in the 

area are probably the same age, if not part of the same flow. These 

flows are at least post-lower Pantano, and possibly occurred quite late 

in Tertiary time.
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(2.4. 4) Dike Rocks

Dikes of widely varying composition are found scattered through 

the major rock units. The most important of these is a fine-grained 

aplite which is usually found near schist-granite contacts cutting across 

both of these other rock types. These dikes are narrow, ranging from 

a few inches to 3 feet in width.

The aplite which occurs along the granite-schist contact has a 

somewhat different composition. The minerals present include quartz 

(20-25%), orthoclase (20-25%), plagioclase (10-15%), micas (5%), and 

microcline (30-35%). The color of the aplite ranges from pinkish (5 YR 

8/1), or very pale orange (10 YR 8/2) to moderate orange pink (5 YR 

8/4). The aplite has a fine-grained interlocking mosaic texture.

Also found cutting both schist and granite are occasional dikes 

of porphyritic diorite, or dioritic lamprophyre. This rock is olive gray 

(5 Y 3/2) in color, and consists of phenocrysts of plagioclase, quartz, 

and more rarely, hornblende, in a matrix of plagioclase and biotite.

The phenocrysts of quartz and plagioclase are evenly distributed 

throughout the rock, and are often larger than an eighth of an inch in 

diameter. Hornblende phenocrysts occur as large as a quarter of an 

inch in length. The matrix is composed of anhedral, equigranular 

plagioclase and biotite in approximately equal quantities. Much of the 

biotite appears to have been altered to chlorite. Minor amounts of
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olivine and augite also occur. The composition of the rock is approxi

mately the following: quartz (5%), plagioclase (45-50%), and mafic min

erals (45-50%). Of the latter group, biotite and chlorite are the most 

important, with the combined amounts of hornblende, augite, and olivine 

probably accounting for less than 5 percent of the total rock. These 

dikes are narrow and very poorly exposed. A width of 2 or 3 feet is 

average, and outcroppings can seldom be traced for more than 10 or 

15 feet. Less than half a dozen occurrences are known in the entire 

area.

Diabase dikes, which occur locally in the Catalina gneiss, are 

the best exposed of the dikes in the area. One of the largest occurs on 

the west side of the Loop Drive road, midway between stops #3 and #4. 

This dike is over 5 feet wide, and can be traced along the hillside for 

several yards before it disappears beneath the alluvium. Other dikes 

of this type are usually somewhat narrower. The diabase ranges in 

color from greenish gray (5 G 6/1), to dark greenish gray (5 G 4/1).

The rock is fine grained, and is composed of nearly equal amounts of 

plagioclase and mafic minerals, with the latter altered largely to 

chlorite. Phenocrysts of hornblende as large as a quarter of an inch 

in length can still be recognized. Subhedral to euhedral crystals of 

plagioclase also occur, though these are quite small. Occasional 

fractures have slickensided surfaces and show reddish-brown hematite 

stains.
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(2. 5) Sedimentary Rocks

(2.5.1) Permian(?) Sediments

A sequence of thin-bedded sediments which includes limestones, 

dolomites, sandstones, conglomerates, and shales have tentatively been 

classified as Permian(?)„ Although limestone makes up a prominent 

share of the total section, the rocks are predominantly clastic. B. N. 

Moore, et al. (1941), considered these sediments to be Cretaceous in 

age, but more recent information indicates that the major part of the 

section is probably Permian. Identification of this unit is based upon 

lithology and fossil evidence. Fossils are scarce in these sediments, 

and none were found during the course of this study. However, J. H. 

Feth (personal communication) reports fossils of Paleozoic age from 

these rocks which includes spines of the echinoid Archaeocidaris, and 

"ghosts" of brachiopods tentatively identified as Composita(?). 

Composita is found in southern Arizona in beds ranging in age from 

Mississippian through Permian, and Archaeocidaris has been reported 

from various units of Pennsylvanian-Permian and Permian age 

(Stoyanow, 1936; Gilluly, et a l., 1956).

The rocks which make up this sedimentary unit are generally 

thin bedded, though occasional beds may be 30 or 40 feet thick. The 

lithology of the material itself is quite variable suggesting a wide range 

of source beds and depositional environments. The variable nature of
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the unit along with certain primary structural features such as cross

bedding in some of the sandstones, indicates that this unit was deposited 

in fairly shallow marine seas, reasonably close to sources of clastic 

materials. The seas probably occupied a trough-like extension of the 

Sonoran geosyncline which extended across southeastern Arizona. This 

trough fluctuated in depth sufficiently to cause alternate deposition of 

clastic shelf and shoreline type deposits with limestones characteristic 

of clearer and deeper waters. The resulting rock types vary widely, 

and frequently grade into one another.

Shale comprises approximately 30 percent of the sedimentary 

sequence, and thus is one of the more important rock types. Shales . 

range in color from brick red and maroon, to yellowish tan and pale 

olive green, with the reds and tans predominating. These rocks are 

fine grained and very thinly laminated. Some of the shales grade into 

sandstones or limestones, with consequent variation in the degree of 

coarseness or reaction to acid. Transition zones are generally thin, 

indicating comparatively sudden changes in the depositional environ

ment. Thin veinlets of fibrous calcite are quite common. These are 

usually less than an eighth of an inch wide, and are often closely spaced. 

Some of these parallel the laminations of the shale, but most cut across 

them. The shales are the least competent of the various beds, and thus 

tend to be the most deformed and poorest exposed of all the rock types

in the section.
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Limestone and dolomite beds form about 35 percent of the 

Permian(?) section, with only a small fraction of this total being dolo

mite. The color of the limestone varies widely. All shades of gray 

occur, from nearly black to almost pure white. Shades of red from 

dark maroon to light pink can also be found. Dark colored limestones 

and dolomites usually weather to some lighter color, generally a yellow

ish gray. Thin veinlets of calcite occur locally in many of the lime

stones. Others contain much chert, both as nodules and as bands. The 

largest chert band observed was 5 feet long and 4 inches thick, though 

average bands are considerably smaller. The chert nodules are dis

tributed irregularly for the most part, but some beds are uniformly 

cherty. Certain limestone beds are characterized by the occurrence of 

globular nodules of silica, usually hollow-centered, which in weathering 

out of the rock have the appearance of fossils until examined closely. 

Similar occurrences have been reported by Gilluly (1956) as typical of 

the basal portion of the Epitaph dolomite. These cherty limestones 

generally weather to a very rough surface. The limestone and dolomite 

beds are usually from 2 to 20 feet thick, although some beds are as 

much as 40 feet thick. The limestone beds are less deformed than the 

shales, but shales have been folded nevertheless. The degree and 

nature of the folding will be discussed later.

About 20 percent of the Permian(?) sediments are sandstones, 

which vary widely in color and coarseness. Colors range from light
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tan through grayish orange and reddish brown to maroon, while the 

grain size of the rocks grades both down into shales, and up into con

glomerates. The sandstones are generally composed of granular silica 

in a limy matrix. Some beds contain thin bands of chert, though these 

rocks are usually more limy than the average sandstone. Sandstones 

thus grade into limestones as well as shales and conglomerate. The 

coarse-grained sandstones tend to weather to a rough surface, usually 

tan or brown in color, and tend to be better exposed than the finer 

grained ones.

The conglomerate beds compose only about 15 percent of the 

total sedimentary section, yet in the absence of distinctive fossils they 

offer the best means of correlation with established units whose ages 

are known. At least three distinctive conglomerate beds occur within 

the unit. The thickest of these is a cherty, red, white, and blue lime

stone conglomerate, which is usually 10 to 20 feet thick, but which 

locally may be as much as 30 feet thick. The rock is composed of red 

and blue-gray limestone pebbles embedded in a matrix of white lime

stone. The limestone pebbles have been flattened and elongated into 

ellipsoidal or lens-shaped forms by deformational stresses. These 

pebbles are usually 1 to 3 inches long, and less than an inch wide. 

Locally, sandstone boulders over 2 feet long have been incorporated 

into this bed, but these are exceptional. The chert occurs as thin 

bands, usually less than half an inch thick, which lie parallel to the
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long sides of the pebbles. It varies from white to brown in color, and 

is in a large measure responsible for the rough weathered surface de

veloped on this bed.

Next in thickness is a reddish-brown conglomerate consisting 

of white to red chert pebbles in a calcareous brown sandy matrix. This 

conglomerate is 15 to 20 feet thick, and is often interbedded with sand

stone, usually having gradational contacts. The chert pebbles are all 

fairly small, few exceeding half an inch in diameter. Occasional peb

bles of limestone are found, but these are far outnumbered by those of 

chert. Locally the pebbles are flattened into lenticular or ellipsoidal 

shapes, but since the chert is more resistant to deformation than is 

limestone, this effect is less pronounced in this conglomerate than in 

the one described above. The high percentage of chert present causes 

this rock to weather to a very rough surface.

The third of the conglomerates is only 10 or 12 feet thick, and 

is composed of undeformed quartzite and limestone pebbles in a cal

careous sandy matrix. The size of the pebbles ranges from a quarter 

of an inch to over 2 inches in diameter. Limestone and quartzite are 

present in about equal quantities. Both red and blue-gray varieties of 

limestone are present, while the quartzite ranges from dark gray to 

gray white in color. The coarse conglomerate grades into the sandy 

beds which occur both above and below it in the section. The rock 

weathers irregularly, but since it lacks chert bands, it is somewhat
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smoother than either of the other conglomerates.

The fossil evidence limits the possible ages of these rocks to 

the Mississippian, the Pennsylvanian, or the Permian. Of the known 

units falling within these time limits, all can be eliminated on the basis 

of lithology except the Earp formation, of Virgilian and Wolfcampian 

age, the Epitaph dolomite, which is Leonard!an, and perhaps the Rain- 

valley formation, which is Guadalupian, or Leonardian and Guadalupian. 

The Earp formation and the Epitaph dolomite were named by Gilluly, 

et al. (1954) for exposures near Tombstone, Arizona at Earp Hill and 

Epitaph Gulch, respectively. The Rain valley formation was defined by 

Bryant (1955), and named for excellent exposures on the Rain Valley 

Ranch in the Mustang Mountains. Of these three units, the Earp forma

tion and the upper portion of the Epitaph dolomite appear to fit the 

character of the Saguaro Monument sediments best. Both units include 

beds of multicolored, heterogeneous, clastic sediments which grade 

into thin-bedded, shaley or sandy limestones. According to Gilluly 

(1956), the lower part of the Earp is characterized by " . . .  thin shaley 

limestones and reddish shales. Much shale, a little sandstone, and a 

few beds of limestone and shale conglomerate occur somewhat higher 

in the section.” Bryant (1955) summarizes Gilluly*s (1954) description 

of the Epitaph dolomite as follows:

The basal Epitaph dolomite (consists of) about 200 feet of 
distinctive light to medium gray dolomite with characteristic 
siliceous knots or geodes. Toward the middle of the formation
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maroon shale and limy sandstone become prominent and 
features of shallow water deposition—intraformational 
conglomerates, ripple marks, and cross bedding— are 
notable. At the top are dolomites, limestones, red 
shales, and thin red sandstones.

Differentiating between these two units without adequate fossils 

is the chief remaining problem. Gilluly (1956) has noted that: "In 

places the upper part (of the Epitaph dolomite), consisting of interbedded 

dolomite, sandstone, shale, and limestone, is sufficiently like the Earp 

formation to be distinguished only with difficulty." However, Bryant 

(1959) mentions a red chert-pebble conglomerate as a potential marker 

horizon for the Earp formation. This, or similar conglomerates occur 

within the Earp formation at several localities in southern Arizona 

where Pennsylvanian-Permian sections have been studied. Thus it 

seems possible that this conglomerate may be correlated with the 

cherty conglomerate in the Saguaro Monument area.

Another solution to the problem of naming these sediments may 

be effected by use of the term, Andrada formation. This term was first 

used by Wilson (1951) and was later defined by Bryant (1955) to contain 

beds equivalent to the undifferentiated Earp, Colina, and Epitaph for

mations in areas west of the Whetstone Mountains. The Andrada for

mation represents a facies of these three units characterized by the 

presence of gypsiferous and marly beds, and by the absence of the 

thick limestones and dolomites which constitute the Colina limestone 

and the base of the Epitaph dolomite in areas east of the Whetstone
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Mountains. Fossils are also generally absent from these beds making 

it impractical to attempt more precise correlations. For this reason, 

Bryant (1955) advocated using the name Andrada formation for these 

beds, rather than risking the misuse of for relational names established 

where divisions of the Pennsylvanian and Permian sediments were more 

readily apparent. Later work by McClymonds (1957) in the Waterman 

Mountains, however, demonstrated the possibility of recognizing the 

Earp formation and the Colina limestone in areas west of the Whetstone 

Mountains, thus restricting the area within which the use of the term 

Andrada formation is necessary.

The sediments in the Saguaro National Monument do not con

tain the gypsum and marl characteristic of the typical Andrada forma

tion, but resemble either the Earp or Epitaph formation more closely. 

Thus, while the term, Andrada formation, can be properly applied to 

these rocks in a general .way, the probability of an eventual correlation 

of these sediments with one of the constituent units of the Andrada for

mation makes it desirable to refer to them as Earp or Epitaph instead.

The Rainvalley formation has been mentioned as a third unit 

which might be represented by the Saguaro Monument sediments. While 

this unit is composed largely of limestones, it is possible that if ac

companied by some of the overlying red beds of Cretaceous age it might 

form in a faulted section a sequence very similar, to that of the Monu

ment area. Bryant (1955) describes the Rainvalley formation as
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follows:

The lower 50 feet of the Rain valley formation comprises 
light to medium gray limestones alternating with thin beds of 
nearly black fetid limestones. The dark limestones contain 
abundant shell fragments and echinoid spines in small pockets. 
Large euomphalids are conspicuous in this interval. Chert 
is rare.

The middle 200 feet has varicolored—gray, red and 
brown—limestone and a few beds of red and white sand
stone in the lower part. Chert is abundant near the middle 
of this unit, occurring mainly in nodules but also in a single 
distinctive bed 4 feet thick. Fossils are common through
out with large euomphalids confined mainly to the lower 
part and abundant brachiopods in the cherty zone near the 
middle.

The upper 150 feet of the Rain valley formation is com
posed of light gray and grayish brown, generally coarse 
grained limestone, in places dolomitic. Chert is prominent 
in the lower part but decreases toward the top. Fossils are 
very scarce but calcite knots and geodes that simulate shell 
shapes make up as much as 20 percent of the rock in some 
zones.

From this it is readily seen that the portions which most resemble the 

Saguaro Monument sediments lithologically are uniformly fossiliferous, 

in striking contrast to the fossil content of the Monument area beds. 

Only the upper 150 feet of the measured Rainvalley formation lacks 

fossils, and these are without exception beds of massive limestone. 

Consequently, on the basis of current data, the Permian(?) sediments 

of the Saguaro Monument should probably be correlated with either the 

Earp or Epitaph members of the Andrada formation. Of these, the 

Earp formation seems the most likely choice, pending a definite 

correlation of possible conglomerate marker beds, or the discovery of
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distinctive Pennsylvanian-Permian fossils.

It is also possible that if a significant portion of these sedi

ments lie strati graphically above the fossil horizon described by Feth, 

they might represent some unrecognized portion of the section being 

Upper Permian or possibly Trlassie-Jurassic in age. No authenticated 

occurrence of Triassic or Jurassic rocks has been reported in southern 

Arizona, but those of the northern half of the State are largely continen

tal deposits which could be facies equivalents of the type of sediments 

found in the Saguaro National Monument.

Another possibility is that these sediments represent Upper 

Permian beds younger than the Rainvalley formation. The upper por

tion of this unit is unknown due to its removal by erosion throughout 

southern Arizona. McClymonds (1959) has pointed out that:

The lack of some or all of the Permian strata in com
paratively unaltered sections in the Vekol, Slate, and Santa 
Catalina.Mountains and in the Tombstone Hills indicates 
that these areas had been uplifted and partly eroded during 
the time between the end of the Permian and the beginning 
of the Cretaceous period.

Neither of these hypotheses can be considered established, how

ever, without considerably more evidence.

Within the Saguaro National Monument the Permian(?) sedi

ments occur as large fault blocks, each composed of a number of 

smaller blocks. The largest of these masses is over a mile in length 

and is approximately a quarter of a mile wide. A smaller block occurs
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immediately north of the main one, and another nearly a mile to the 

south of it. These sediments straddle the fault which separates the 

schist and granite from the Catalina gneiss, and overlie rocks on both 

sides of the fault. A flat-lying fault plane which strikes N. 28° W. and 

dips 10° to 20° SW. separates the sediments from the rock units below.

B. N. Moore, et al. (1941) considered these sediments to be Cretaceous 

in age, and to represent a wedge of material thrust over the gneiss 

from the west. In Moore's theory, the original position of these rocks 

could have been either above the schist and granite which form the 

pediment, or somewhere out in the valley. New information fairly well 

establishes the age of the sedimentary unit as Pennsylvanian-Permian, 

or Permian. This makes the sediments older than the probable Cre

taceous and Laramide units on which they rest, so there is no doubt 

about their being faulted into place. The problem is to establish the 

direction from which they came. While the thrust-fault hypothesis 

cannot be neglected, the emplacement of the mass of sediments as a 

landslide block seems to provide a simpler explanation for the observed 

relationships. The complex internal structure of the large fault blocks 

tends to support this interpretation. Many smaller fault blocks occurring 

within the larger masses have undergone differential movement. This 

has resulted in the random tilting and repetition of the individual beds. 

Both large and small-scale folding is common within these blocks, and 

one large, well-developed, recumbent fold can also be seen. This
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latter fold is overturned to the northwest, and is perhaps the best single 

piece of evidence supporting the theory of the emplacement of these 

blocks of Permian(?) sediments by gliding from the east. As a result 

of the generally chaotic structure of these rocks, no section suitable 

for measurement was found. However, the combination of fossils and 

gross lithology have provided a means for tentative identification of the 

unit.

(2. 5.2) Pantano Formation

Exposures of Pantano formation sediments occur at Observa

tion Hill, and along the main washes north of the fault which marks the 

northern boundary of the schist unit. Outcrops are generally limited, 

and since no marker beds within the unit have been found in the Monu

ment area, correlation between exposures has not been possible. With 

the exception of Observation Hill, where nearly 150 feet of Pantano 

sediments are exposed, only a few feet of section can be seen at any 

single outcropping. The Pantano formation appears to form a deposi- 

tional blanket over the granite which underlies the pediment north of 

the Loop road. At Observation Hill, a portion of the pediment has been 

raised and tilted, exposing the Pantano sediments, which have been 

preserved from erosion by a protecting cap of resistant rhyolite. Else

where on the block they have been entirely stripped away.

The sediments in the Saguaro Monument area referred to here
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as the Pantano formation, were first studied by Voelger (1953), who 

assigned them the name Lower Rillito formation. This latter term is 

little used by current workers, who commonly call all poorly consoli

dated sediments which can be shown to be post-Cretaceous, and which 

have undergone deformation by folding and faulting, the Pantano forma

tion. Thus loosely defined, the name Pantano formation has been ap

plied in the literature to a large and heterogeneous collection of poorly 

defined beds which probably represent sediments ranging from early to 

late Tertiary. Though somewhat indefinite, this usage is convenient, 

and is used here since it is a more familiar term than Rillito forma

tion, and because no better classification seems possible at this time.

The Pantano formation includes sandstone and sandy conglom

erates, coarse boulder conglomerate and interbedded volcanic material. 

The beds are typical continental deposits, and represent a range of dep- 

ositional conditions. The sandstones and sandy conglomerates form the 

bulk of the Pantano formation and are locally tuffaceous. These sedi

ments are very calcareous, and show crossbedding and other evidence 

of being deposited by water. This suggests flood-plain or shallow lake 

formation. The very coarse conglomerate that occurs near the top of 

Observation Hill may represent a portion of Voelger1 s Middle Rillito 

beds. The unit is poorly bedded and is largely composed of rounded 

volcanic fragments which may represent mudflow material. These 

volcanic fragments are mostly rhyolite, and often exceed a foot in
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diameter. Northeast of Observation Hill, thin beds of silicified arkosic 

sandstones are interbedded with tuffaceous breccias to form a series 

over 40 feet thick.

The tuffaceous breccia is composed of angular fragments of 

rhyolite, ranging from sand-sized to over an inch in diameter, cemented 

by a cryptocrystalline tuffaceous matrix. The rock ranges in color from 

a moderate orange pink (5 YR 8/4), to a grayish orange pink (5 YR 7/2). 

These rocks are probably also a part of the Pantano formation. The 

andesite plugs discussed in an earlier section may have been feeders 

for andesite flows similar to those reported elsewhere in the Pantano 

beds. It is possible, though less likely, that they might be flow 

remnants themselves.

As mentioned earlier, the Pantano sediments found in the 

Saguaro National Monument were named the Rillito beds by Voelger 

(1953). As part of his thesis, Voelger made pebble counts of the 

various rocks found in each of his three divisions of the Rillito forma

tion, and discovered that although Catalina gneiss was common in the 

Middle and Upper beds, it was absent from the Lower one. Occurring 

in these Lower Rillito beds, however, are many rounded fragments of 

rocks which are now found only on the far side of Tanque Verde Ridge. 

The most conspicuous of these exotic rock types are a granitic rock 

which appears to be Rincon Valley granite, of Tertiary age, and a 

maroon, or reddish-brown quartzite which closely resembles certain
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Cambrian rocks, especially some of the quartzites of the Abrigo forma

tion. Both of these rocks are widely distributed in the Lower Pantano 

sediments of the Saguaro National Monument area. The manner in 

which the source beds for the Pantano sediments were changed is un

certain, though it is evident that such a change did take place some

time between deposition of the Lower and Middle Rillito beds. One 

possibility is that Tanque Verde Ridge was not formed until after Lower 

Rillito time, or at least was not elevated high enough to block the north

ward movement of sedimentary materials from the region of Rincon 

Valley. This would mean that both the granite and the quartzite pebbles 

were derived from the areas where they occur today. Another pos

sibility is that a thick section of Paleozoic rocks formed the uppermost 

part of the ridge during Lower Rillito time, providing a much nearer 

source for the quartzite and limestone fragments found in the Lower 

Rillito beds. The Paleozoic rocks protected the gneissic core of the 

ridge until Middle Rillito time, since gneiss fragments first appear in 

the Middle Rillito conglomerates (Voelger, 1953). As the Paleozoic 

sediments were stripped away and the core was exposed, the gneiss 

fragments became steadily more numerous in the Rillito beds, while 

the quantity of quartzite and limestone pebbles decreased. Now, gneiss 

apparently forms the entire ridge, and any overlying sedimentary units 

have probably been completely removed by erosion or sliding. Regard

less of the location of the Paleozoic beds during Rillito time, if the



granitic material is actually the Rincon Valley granite, there must have 

been drainage northward from Rincon Valley toward the area where 

Rillito beds were forming. It is also possible that the granite extends 

far enough westward under the recent alluvium for material derived 

from it to have moved northward past the end of the ridge during Rillito
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time.



3. STRUCTURAL GEOLOGY

(3.1) General Discussion

The area of this thesis lies in a tectonically active zone which 

has undergone repeated periods of intrusion and deformation. As a re 

sult, the structural record is both fragmentary and complex. Although 

there are many small-scale structural features in the area, large-scale 

features are few. The largest is the prominent asymmetrical anticline 

in the Catalina gneiss which forms Tanque Verde Ridge. A number of 

well-defined faults, most of them apparently associated with the forma

tion of Tanque Verde Ridge, have been of considerable importance in 

controlling crustal movements. Unfortunately, actual exposures of 

these faults are quite ra re  because they occur in a pediment area largely 

covered by recent alluvium. Consequently, most of the knowledge per

taining to the location, size, and relative displacement of these faults 

has been measured or inferred from aerial photographs. Detailed de

scriptions and discussion of these faults, and other smaller scale struc

tural features are presented separately.

47
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(3.2) Faults 

(3.2.1) Normal Faults

Nearly all of the major faults in the Saguaro National Monu

ment area belong to one of three main groups or sets of normal faults, 

with the members of any given group having similar attitudes.

The first of these sets contains the northeast-trending faults, 

including the one which separates the Catalina gneiss from the granite 

and schist units. This same fault marks the boundary between the 

pediment surface to the northwest, and the lower foothills of Tanque 

Verde Ridge. The largest of the faults which extend through the schist 

unit also belong to this set. These faults all strike approximately N. 

35-40° E. The angle of dip, and the direction of movement are debat

able. B. N. Moore, et al. (1941) considered the fault along the edge 

of the mountains to be a low-angle thrust fault, and Feth (personal com

munication) reports slickensides and isolated blocks of granite on the 

gneiss which seem to support this interpretation. On the other hand, 

photographic evidence indicates that it is a high-angle normal fault 

with a significant component of lateral movement. This is indicated 

by the straightness of the linear which marks the fault on the aerial 

photos. In contrast, thrust faults are characterized by a very irregular 

surface trace (Lueder, 1959). More evidence will be needed to solve 

this problem satisfactorily.
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The faults in the second set trend northwest, with an average 

strike of N. 20-35° "W. The dips are all nearly vertical. These faults 

lie at right angles to the axis of Tanque Verde Ridge, and are apparently 

tension fractures opened by the stretching of the upper portions of the 

gneiss as the ridge was uplifted. Although many similar fractures 

caused by this same process are more properly called joints, the size 

and length of some breaks indicate that displacement has probably taken 

place along them, and that they are truly faults. Only fractures which 

could be traced for well over a mile have been mapped as faults. All 

others are considered to be joints. This fault set is the largest of the 

three found in the area, and is the most clearly exposed. Some of the 

largest faults in this group cross the northeast-trending fault at the 

base of Tanque Verde Ridge and extend out across the pediment. Neither 

set has clearly offset the other, but the evidence favors the northwest 

set as being the younger.

The members of the third group of faults are more erratic in 

their attitudes, and more random in their distribution than those of either 

of the other two groups. The strikes of these faults range from N. 55- 

75° W., with differ a it portions of individual faults often exhibiting 

similar variation. Dips are uncertain, but probably are near vertical. 

These faults cross those of the other two groups with possible minor 

offsetting of northeast-trending faults. Thus, both the second and third 

sets may be younger than the first. However, this is more of a



50

possibility than a demonstrated fact. Faults of this group appear to 

form the north and south limits of the schist unit, with the schist block 

raised with respect to the blocks north and south of it. The evidence 

for this interpretation is the dissected nature of the schist in contrast 

to the flat pediment surfaces remaining on either side. It would appear 

that after the schist was elevated it was immediately attacked by ero- 

sional processes which have had time to dissect, but not to level, the 

up thrown block.

(3.2.2) Thrust Faults

Moore, et al. (1941), and more recently Feth (1948), have 

proposed thrust faulting as a mechanism for explaining relationships 

between certain rock units in the Saguaro Monument area. Specifically, 

the boundary fault along the northwest side of Tanque Verde Ridge, and 

the fault underlying the blocks of Permian(?) sediments were interpreted 

as thrusts. Movement on both of these faults was presumed to have 

been eastward, out of the valley. In addition, Feth (personal communi

cation) considered the tilted block of Pantano sediments at Observation 

Hill to have been thrust over the schist unit. The movement in this 

case would have been southward, with the north block riding over the 

southern one. While it is certainly possible for thrusting to have oc

curred in the area in either or both of these directions, it is equally 

possible that there has been no thrust faulting at all, since alternate
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interpretations which are just as likely can be advanced in each case. 

Since the fault which separates the gneiss from the schist and granite 

is not exposed anywhere in the area, but is covered with alluvium, there 

is little field evidence to consider. However, the trace of this fault on 

aerial photographs is quite straight, which suggests normal faulting 

with a strike-slip component of movement. The faults and contacts at 

Observation Hill are likewise buried. J. H. Feth (personal communica

tion) considered the Pantano formation-schist contact to be a thrust 

plane, with a rubble zone which contained fragments of both rock types 

separating the two units. Photo studies indicate that the two units are 

separated by a high-angle normal fault, with the schist block on the 

south being the upthrown side. This would allow the Pantano formation 

to be in depositional contact with the underlying rocks which form the 

pediment. This rock could be granite, schist or both, since outcrops 

of both rocks occur on the north side of this fault. The Pantano sedi

ments at Observation Hill are thus structurally lower than the block 

that contains the largest part of the schist unit. The schist block has 

been uplifted, stripped of Pantano sediments, and then dissected by 

erosion. On the other hand, they are structurally higher than the 

granite block north of the Loop Drive which is still covered by Pantano 

sediments. The tilted and exposed Pantano formation section at Obser

vation Hill has been preserved largely because of a resistant capping of 

rhyolite, which has prevented rapid erosion. In contrast with the



52

occurrences discussed above, the fault plane below the Permian sedi

ments is clearly exposed. Although thrust faulting has been proposed 

to explain the position of this unit on the younger gneiss, it is more 

likely that it was raised into an unstable position by the elevation of 

Tanque Verde Ridge and slid down as a series of fault blocks under the 

influence of gravity. The facts which support this interpretation include 

the following: 1. The slope exists. 2. The internal structure of the 

blocks of sediments is best explained by the gliding hypothesis. 3. The 

movement of these sediments by gravitational forces is the simplest of 

all possible mechanisms for establishing the fault blocks in their present 

position, and thus is the most reasonable one. Other explanations all 

require less likely forces. 4. Finally, there is no direct evidence 

which opposes this hypothesis, and while this is negative evidence, it 

seems rather significant.

On the other hand, the best evidence for thrust faults in the 

area seems to be the fact that statements of their occurrence have been 

reiterated in the literature. The thrusting hypothesis for this whole 

area seems to be based on very little direct evidence. Some of the 

folds in the blocks of sediments might be interpreted as drag folds 

caused by thrusting to the east or northeast. However, there are folds 

in this unit oriented in every direction. This indicates stresses from 

different directions, and seems difficult to explain by thrusting, where 

the main stress must have been consistently oriented. These folds are
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more likely the result of deformation caused by stresses associated 

with the uplift of Tanque Verde Ridge and the accompanying faulting. 

Thus, some of them could have been already formed before the fault 

blocks were moved into their present positions. Stresses originating 

as a result of the gliding itself, however, certainly account for some 

of the folding. At the very least, the large recumbent folds which 

occur in these sediments were caused by these latter forces.

(3.3) Shears and Joints

Strictly speaking, shearing, or slip cleavage, should be re 

stricted to those small-scale parallel fractures which have visible dis

placement; while smooth breaks without visible movement should be 

called joints, or if closely spaced, fracture cleavage. Both types un

doubtedly occur in all of the larger rock units in the Monument area, 

but it is difficult to differentiate between them. Consequently, in the 

point diagrams for the different rock types no distinction has been made 

between the two cleavage types. Only the attitudes for schistosity, or 

slaty cleavage, have been plotted separately. The great number of 

fracture sets, their equally large number of divergent attitudes, and 

the lack of apparent offsetting between most of them, has made it im

possible to determine the relative ages of these fractures. Field 

evidence indicates that at least some of these fractures were formed 

quite late in the geological history of the area since several sets are
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known to cross from Catalina gneiss into diabase dikes of probable mid- 

Tertiary age and back without any sign of offsetting along the contacts. 

Nearly all of these fractures were formed by stresses set up within the 

rocks by tectonic movements, and thus originated during one of the 

many periods of folding or faulting in the area.

(3.4) Folds

Folds are found in the schist unit, the Catalina gneiss, the 

Permian(?) sediments, and the Pantano formation. Generally the folds 

which can be clearly determined are fairly small, ranging from less 

than 10 feet to over 50 feet across. Some folds in the schist unit and 

in the Catalina gneiss are probably much larger. Although poor ex

posures prevented accurate reconstruction of these folds, they probably 

have a radius of several hundred feet.

(3. 4.1) Permian(?) Sediments

The folds which are found in the blocks of Permian(?) sedi

ments vary widely in size and attitude. The largest and most impres

sive of these is a large recumbent isoclinal fold exposed in a hillside 

on the west side of the main block. The overturned limb is well de

fined, and is at least 30 feet long. Other nonrecumbent folds of similar 

size also occur in this unit. Such folds are generally small, seldom 

having a radius of over 20 feet. Where such folds do occur, they are
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often discontinuous, with the limbs of adjacent anticlines in the same 

beds being faulted together instead of being separated by a syncline.

The dozen or so folds for which attitudes could be accurately measured 

show no preferred orientation, which is contrary to what one would ex

pect if they were drag folds caused by thrusting. More likely they were 

formed during the process of gliding, or were already formed before 

the movements occurred which left these sediments in their present 

position. Probably folds of both of these types occur. Finally, very 

small folds, ranging from a few inches to 2 or 3 feet across, are very 

numerous in the shale beds of this unit. As in the case of the larger 

folds, these may have been formed during the emplacement of the sedi

mentary blocks, or by stresses accompanying the elevation of the ridge 

while the sediments were still in place.

(3.4.2) Schist

The schist unit contains folds ranging from a few inches in 

radius to several hundreds of feet. Only a few of the former type have 

been found, and these appear as knee and drag folds near small faults. 

This unit completely lacks the contorted ptygmatic folds commonly 

found in the Pinal schist. The occurrence of larger complex folds is 

inferred from measurement of the schistosity in outcrops usually iso

lated by alluvial cover. The schistosity is considered to be parallel to 

the bedding of the original sediments, and divergent attitudes of
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schistosity in adjacent outcrops thus indicates the existence of folding.

Lack of exposures has limited the amount of detailed work which could 

be accomplished, and consequently only a general idea of the internal 

structure of the schist block is known at this time. The random orienta

tion of these folds suggests that they were caused by complex stresses 

which probably operated both during and after the period of metamorphism. 

The result of this activity was the formation of a generally flat-lying 

warped mass of moderately metamorphosed sediments which is essen

tially unchanged today.

(3.4.3) Gneiss

Folds of all sizes are found in the Catalina gneiss, with the 

most prominent one forming the huge anticlinal Tanque Verde Ridge.

Since most of this ridge lies out of the area included in this thesis, it 

was not studied in detail. Smaller folds in the gneiss are comparable 

in size to those in the schist, and are likewise defined by the changing 

attitudes of the foliation of the rock. Folds are found in all of the 

varieties of gneiss, and seem to lack any preferred orientation, al

though further study may reveal that one exists. The internal structure 

of the gneiss is very complex, however, and the task of mapping it in 

detail was beyond the scope of this thesis.
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(3.4. 4) Pantano formation

Folding within the Pantano formation is not clearly established. 

The unit is largely covered by recent alluvium, but existing outcrops 

are well distributed. Dips in nearly all outcrops are to the northwest, 

and range from 20° to 50°. The few exceptions dip from 20° to 60° to 

the southwest. Since the field evidence indicates that the Pantano sedi

ments were deposited upon the granite and schist units, dips measured 

in these sediments may in part be caused by tilting of fault blocks rather 

than by folding. However, small-scale folding, caused by buckling or 

warping of beds during faulting, probably has occurred locally.



4. GEOLOGIC HISTORY

No definite occurrence of rocks older than Upper Pennsylvanian 

is known in this area. Although certain units have been called Pre- 

cambrian by early workers, Moore, et al. (1941), more recent evidence 

makes these interpretations seem doubtful. A possible exception is the 

Catalina gneiss which at least locally may have existed in essentially its 

present form from Precambrian times. Paleozoic rocks older than 

Pennsylvanian probably were deposited in the area, but with the possible 

exception of quartzite and limestone pebbles found in the Lower Pantano 

sediments, no traces of them are left. During Upper Pennsylvanian and 

Permian time, a thick series of thin-bedded clastic and limy sediments 

were formed in a shallow sea or near-shore environment. Most of 

these rocks probably belong to the Earp formation. Permian rocks of 

later age were probably deposited also, though all or most of these were 

removed during the period of erosion which followed. The next rocks to 

be deposited in the area were a thick series of clastic sediments probably 

Cretaceous in age, since these rocks were largely the siltstones, sand

stones, and arkoses typical of the Cretaceous sections of southern Arizona. 

During the Laramide revolution these sediments were metamorphosed to 

schists, phyllites, quartzites, and locally, gneisses. This probably
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occurred contemporaneously with the second period of metamorphism 

of the Catalina gneiss.

Next, the coarse-grained granite was emplaced, probably at 

great depth, intruding or perhaps forming the schist unit. This event 

was followed by mountain building with the formation, or reactivation, 

of the northeast-trending faults. Accompanying the uplift of this moun

tain block was deep erosion which by Miocene time had exposed the 

granite and the schist, and formed the pediment or erosion surface on 

which the Middle Miocene(?) Pantano sediments were laid. During this 

period of orogenesis, some, or perhaps all of the aplite, quartz diorite, 

and diabase dikes were emplaced. It should be emphasized that all these 

events were spread out over a period of many millions of years between 

late Cretaceous and Miocene times, during which there were probably 

several periods of activity. By Middle Miocene(?) time, a new phase 

of mountain building caused doming of the Catalina gneiss which formed 

the core of Tanque Verde Ridge. The Pantano formation (Lower 

Rillito beds) began to be deposited on the erosion surface of the schist 

and granite, drawing sedimentary material from the Paleozoic cover 

on Tanque Verde Ridge, and from other units, such as the Rincon 

Valley granite, farther south. Local volcanic activity produced rhyolite 

flows and quantities of tuff at this time, and these materials were in

corporated as well. As the ridge continued to rise, the Paleozoic 

units remaining on the ridge were deformed. Some of the
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folding and faulting in the Permian(?) sediments probably took place at 

this time. Also, northwest-trending tension fractures were forming in 

the Catalina gneiss at right angles to the axis of the ridge, and move

ment may have occurred along some of the most prominent of these. 

Another set of northwest-trending faults developed at approximately 

this same time, forming the north and south boundaries of the schist 

unit. These faults, especially at intersections with other faults, mark 

zones of weakness along which a series of andesite plugs were intruded. 

These plugs may represent the feeders for andesite flows which have 

long since been removed by erosion. Further volcanic activity then 

occurred in the form of new rhyolite flows which capped the andesite. 

Minor copper mineralization is found in these flows at the Loma Verde 

Mine, but it is probable that the copper was precipitated at some later 

date from migratory solutions. Erosion finally penetrated to the 

gneissic core of Tanque Verde Ridge as the mountain block continued 

to rise, and later Pantano sediments include conglomerates with in

creasing quantities of Catalina gneiss (Voelger, 1953). These con

glomerates are Voelger's Middle and Upper Rillito beds, and they are 

characterized by the occurrence of Catalina gneiss, decreasing amounts 

of Paleozoic sediments, and a preponderance of volcanic rocks. The 

volcanic rocks are andesite and rhyolite with occasional specimens 

having copper oxide stains. The conglomerate near the top of Observa

tion Hill may belong to the Middle Rillito formation. If so, then the



remnants of a rhyolite flow occurring on top of Observation Hill may 

represent still another, later, period of volcanic activity.

The next important event (Pliocene?) was the faulting and 

tilting of the rocks forming the pediment, i. e ., the granite, the schist, 

and the Pantano formation. Along each fault, the south side was raised 

relative to the north, and tilted as much as 40° to the southwest. As a 

result of this faulting, the Pantano sediments were stripped from the 

raised block to the south, exposed in the central block at Observation 

Hill, and undisturbed on the down thrown northern block. The emplace

ment of the Permian(?) sediments by gliding occurred after they were 

placed in an unstable structural position, either due to undercutting by 

erosion, or by further tilting of the underlying gneissic rock as a result 

of orogeny. Once started, the downhill movement of the block continued 

until it was stopped by jamming up against the schist at the base of the 

ridge. Absence of Pantano sediments beneath the Permian(?) rocks 

suggests that they had been removed from the schist unit by erosion 

before the latter sediments moved to their present position. Since the 

emplacement of the Permian(?) sediments, erosion has probably re 

moved the last traces of Paleozoic rocks from Tanque Verde Ridge. 

Recent alluvium, derived largely from the Catalina gneiss, now covers 

a large part of the pediment. This material is coarse and thick near 

the base of the ridge, and thins and becomes less coarse as it extends 

toward the valley. At present, erosion is leveling the dissected remains
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of the uplifted pediment blocks, and of course, the main mountain mass.
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FIGURE 2

Contour diagram showing the attitudes of joints and shears

in the schist. Based on an equal area projection of per

pendiculars to the fracture planes. Five hundred and

forty-seven measured fractures.
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FIGURE 3

Contour diagram showing the attitude of schistosity in 

the schist unit. Based on an equal area projection of 

perpendiculars to the fracture planes. Measurements

made at 102 stations.
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FIGURE 4

Contour diagram showing the attitudes of joints and

shears in the Catalina gneiss. Based on an equal

area projection of perpendiculars to the fracture

planes. Two hundred and forty-four measured

fractures.
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FIGURE 5

Contour diagram showing the attitudes of joints and

shears in the granite. Based on an equal area

projection of perpendiculars to the fracture planes.

Ninety measured fractures.
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Outcrop in wash just south of stop #2. Here the schist- 

osity is parallel to the bedding which is almost horizontal.

B

A similar exposure west of stop #2. 

occur at extreme right.

Small knee folds
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PLATE 2

CATALINA GNEISS

A

Stop #5. Banded augen gneiss.

B

Stop #5. Banded augen gneiss.
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PLATE 3

CATALINA GNEISS

Panoramic view of banded augen gneiss at stop #5.
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PLATE 4

GRANITE

A

Exposure of sheared granite below recent alluvium. 

Diorite dike at lower center.

B

Schist inclusion in granite.
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PLATE 5

ANDESITE

A

Typical exposure in wash east of the Loma Verde Mine.

B

Phenocrysts of plagioclase in "Turkey Track" andesite.
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PLATE 6

ANDESITE

A

Contact between the andesite and the granite. Lighter 

area may be fault gouge or a slice of the Pantano for

mation.

B

Contact between the andesite and the Pantano forma

tion.



72

B

PLATE 6



PLATE 7

RHYOLITE AND DIABASE

A

East slope of Mil northeast of Observation Hill. West

ward-dipping rhyolite flows overlie tuffaceous breccia 

tentatively assigned to the Pantano formation.

B

Diabase dike witMn the Catalina gneiss.
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PLATE 8

PERMIAN(?) SEDIMENTS

A

Panoramic view showing the mass of Permian(?) sedi

ments at the base of Tanque Verde Ridge. Foreground 

material is schist.

B

View showing the basal plane of the Permian(?) sedi

ments (left) to be below the hills of phyllite in the 

schist unit (center and right). Looking southwest.
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; PLATE 9

PERMIAN(?) SEDIMENTS

Panoramic view showing the trace of the basal plane 

of the Permian(?) sediments which mark the contact 

with the Catalina gneiss. A large recumbent fold can 

be seen at (A). Observation Hill at (B). Twin Hills 

at (C). The Santa Catalina Mountains form the

horizon.
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PLATE 10

PERMIAN(?) SEDIMENTS

A

Undeformed conglomerate in the Permian(?) sediments.

B

Detailed view of A above.
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PLATE 11

FOLDS IN THE PERMIAN(?) SEDIMENTS

A

Small anticline in limestone, plunging northwest.

B

Large recumbent fold overturned toward the valley 

(west).
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PLATE 12

PANTANO FORMATION

A

Outcrop of Pantano sediments on the east slope of 

Observation Hill. Beds strike northwest, dip south

west.

B

Detail of outcrop in A above.
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\

\

/ \

E T

Xl

/  <r
Y ^ v 7 v r

r v / '  A a  v  v

/;
nI

 ̂ A

®  / ^ >  5 > L u  r ^ x  V  "  T  4

„/l r w  ̂ f <V VA
. X , wX Jr ^  V ^ T  <  4 / 7

A

% r^-
A . t ^ >L I

y r
> V / V  - V

t- L  f r ^ C  n

-1 /
4  <: i /

<

\
-A V \

. 7

\
\

fyySy/t^^*
y v < >  C U   ̂ s i jo p  4

I h r  .  ^ ) \ A  ,  , v
'I V L- — A)

^  ^  1  1/  ̂ V

y y  ^  ^  v  ^  v i/  Z c  v . XJ? . a > 4 ^ /(-1 > u
4 .  ^ > r ^ f  x V v a v

\
A ^  x L- <  JV -

7  ^ r  7  r  V V \  A Z
A -1

U A  V <

A <1

V

A v  r' ^ v ^
J < ^ L  ' '

> lv sj  > A  n

: v

\
\  / /

v A y ^ /  A  / ,  / \  A  V  A  A V \  . A 0:1 v \ a  v  A
/  1"L< -7 > > _ . < ^ ^ <4 ) 4 I

^  A , y V L > - C .  A ^ <  <
>

L-

\
/ V - 7 \

(X A

"x^^wx-T s h ^

z :

2 ^

3?

\

v ^ : i y
Tr A  V >

x ><- ,  r .W7 a
A  A  U v V /

<v  >

4 r  ^ 7 %  x, X , y ’  v ->
V >

A V \ 7 f

y

r ^ V 7  J
> < ^  V
si L 7  <

 ̂ > A
a  i

r 7̂ V__A
>

A 4 /

A X x  ^  , . ,  /x . r
^  ^  <  ^  ^  h o / -7 _1 u  /  V

A

<

A

5

A ^  ^  A ^ T A ,

\ > 7 5 ^ z r v v< x h v ^  4 /  -  ^A* L/TA ^  ^ r 7 y t  i  ̂ A  ̂ a
V r >  v \  > V -  / <  .  < * > A . A

< V <1
A AN

7 ^

^ V

-A — A -----SA

A  V - ^  V  / 7 |

V i < y
X /  U

A r>

A  \ V

<

- £ Z <
r  r  v  '  ' < ^ v  /x _  \ u  ^ s £ 2 5 r - x 7  Z "  xz x , A7

r  L " :  /  • v  c g n A v
4  ZL

7

7  V  a /  .  ^  Z > V  ^  ^  V  >

>  A  N\ V
' A / '  V y f -  , V  „„ ,

v  >\ f / > A  7  v  ^ - /  r- A V  , -7
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