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ABSTRACT
The Martinez Ranch area, 50 miles southeast of
Tucson, Arizona, lies on the southeastern margin of the
Rincon mountain mass.

Overturned and cascade chevron folds

and low-angle faults pervade two "sheets" of sedimentary
rocks of Paleozoic age which are separated from the gneiss
to the north by the east-west-trending Catalina fault.
The macroscopic structural configuration of the basement
complex and both the macroscopic and mesoscopic structures
within the Paleozoic section were examined in order to
determine whether gravity gliding and/or thrust faulting
was responsible for deformation within the sedimentary
sequence.
The geometry of the folded sedimentary rocks is
consistent with one general sense of tectonic transport:
south-southwest.

Two distinct movement directions were

found for separate sedimentary "sheets"

(S40°W and S10W ) .

Upon projection, these slip-lines indicate a source area
for the "sheets" located approximately 1^ miles north of
their present location from which divergent movement
occurred.

The sense of movement of the two diverging

"sheets" and the proximity of the south-dipping foliation

x

structure of the Catalina-Rincon Gneiss indicate that
hasinward movement of the "sheets" occurred.

Movement

of sedimentary rocks under the influence of gravity along
subparallel faults, caused the deformation now exhibited
in the study area.

INTRODUCTION
Purpose
Folds and faults in the sedimentary rocks marginal
to the Rincon Mountains have been interpreted on the basis
of two conflicting tectonic mechanisms:
and regional overthrusting.

gravitional gliding

The occurrence of highly folded

rocks within sedimentary "sheets" at various locations
around the base of the main mountain mass has suggested to
some workers, notably Davis (1973) , that gravity gliding
has occurred away from a topographic high area in the
Rincon Mountains.

Gravity gliding has been suggested to be

a product of a mid-Tertiary thermal event (Arnold, 1971)
and/or the orogenic event which resulted in the uplift of
the Rincon Mountains (Damon, Erickson, and Livingston,
1963), a part of a gneiss dome (Davis, 1973).
The second hypothesis, regional overthrusting, is
currently advocated by Drewes (1972) and involves regional
Laramide thrust faulting of the sedimentary "sheets" from
a southwesterly direction.

Thrust faulting has resulted

in the placement of sedimentary rocks into the Rincon
Mountain area,
To distinguish whether the thrust and/or gravity
hypothesis correctly depicts the post-Precambrian tectonic
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history of the Rincon mountain range is the purpose of this
investigation.

In view of this purpose, the Martinez Ranch

area has been selected as the area of study.

Drewes (1972)

has interpreted this specific area as representative of an
area affected by imbricate thrust faulting.

Davis (1973)

likewise cites the Martinez Ranch area as an area in which
the effects of gravitional gliding are conspicuous.
In order to ascertain the primary mode of deforma
tion within the area of study, the investigation has three
major objectives:

(1) to determine attitudes of foliation

and lineation within the gneiss and from this information
their relationship to both the main mountain mass and to the
sedimentary rocks immediately to the south;

(2) to determine

attitudes of folds within the sedimentary "sheet" and to
determine the resultant direction of movement responsible
for deformation; and (3) to interpret the tectonic history
of the Martinez Ranch area.
Location
The Rincon Mountains are on the eastern border of
Pima County, Arizona, east of the city of Tucson (Fig. 1).
Bordered on the east by the San Pedro River and on the west
by the Tucson Basin, the mountains are separated from the
Santa Catalina Mountains to the north by Redington Pass.
Two prominent west-southwest-trending ridges com
prise most of the Rincon mountain range (Fig. 2).

Tanque
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Location map showing Martinez Ranch area.
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Verde Ridge extends southwestward from Mica Mountain to the
Saguaro National Monument; a second smaller ridge, Rincon
Peak Ridge, lies to the southeast of Tanque Verde Ridge.
This second smaller ridge extends southwestward from Rincon
Peak to near Colossal Cave.
The area of study, which lies to the south and east
of the Rincon Peak Ridge, covers over seven square miles
and includes parts or all of secs. 9, 10, 11, 14, 15, 16,
21, 22, and 23, of R. 18 E . , T. 16 S., Pima County, Arizona
(Fig. 2).

The Martinez Ranch, from which the area receives

its name, lies in the southeastern corner of this area.
This ranch is easily accessible from Tucson by Interstate
10, Mescal Road, as well as various improved dirt roads.
Accessibility within the area is primarily by foot.
Topography
Low, rounded hills cut by broad valleys occur along
most of the southern boundary of the area.

As one travels

northward, these low hills give way to more rugged topo
graphy.

Relief increases abruptly north of Agua Verde

Creek.

Gently dipping surfaces incised by deep boulder-

filled washes predominate in the northern portion of the
mapped area.

The maximum relief is approximately 1825

feet, from a minimum elevation of about 3800 feet in Agua
Verde Creek at the western margin of the area to a maximum
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elevation of about 5625 feet near the north-central bor
der.
Agua Verde Creek and its tributaries drain the
western portion of the mapped area.

The tributaries flow

from the north and from the south to the centrally located
Agua Verde Creek, which in turn drains westward along the
mountain front.

Martinez Wash drains the eastern half of

the area to the south along the eastern mountain front.
.Both Agua Verde Creek and Martinez Wash then drain into
Cienega Creek, which becomes the northwesterly-draining
Pantano Wash.
Previous Investigations
A history of previous studies of this area goes
back to the work of Darton (1925).

He described the re

placement of Devonian and Carboniferous limestones by large
silica bodies in the vicinity of Colossal Cave, about eight
miles west of the Martinez Ranch.

Darton (1925) interpreted

the "silica breccia" to be related to overthrusting of the
Paleozoic section northward onto the gneiss complex of the
Rincon Mountains.
Between 1925 and 1960, numerous investigators
studied the geology of the Empire Mountains, which lie
approximately ten miles to the southwest of the study area.
These workers, which include Gillingham (1936), Alberding
(1938), Sears (1939), Wilson (1934), Marvin (1942), and
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Galbraith (1959), considered overthrusting to be the major
mechanism which affected rocks in that area.

Finnell

(1971), in an open-file report for the U.S. Geological
Survey, also suggested the idea of thrust faulting in the
Empire Mountains.
Hernon (1932) studied pegmatitic bodies in the
Santa Catalina and Rincon Mountains.

He attributed the

deformation of these pegmatites to thrust faulting in the
mountain complex.

In addition, he suggested that Paleozoic

limestones, such as those in the Martinez Ranch area, were
dragfolded during the overthrusting.
Moore et al.

(1941) reported a large fault along

the southwestern front of the Rincon Mountains, which
separates gneiss to the north from partly marbleized Car
boniferous limestones to the south.

Moore et al.

(1941)

described the fault as striking east-west and dipping from
15o-40° south-southwest.

They described a ten foot thick

breccia zone near the Martinez Ranch area composed primarily
of gouge and crushed gneiss.

Moore et al.

(1941) considered

this fault to be the major surface of movement along which
northward-directed imbricate thrusting had taken place.
Weidner (1957), based on work in the Colossal Cave
area, supported the hypothesis of north-directed thrusting
in his stratigraphic description of lower and middle Paleo
zoic rocks.

Also in 1957, while working in the Cienega

8
Gap, Brennan dated major thrusting within the area.

Of

fering the original description of the Tertiary Pantano
Formation, he noted the position of the unit with respect
to blocks of sedimentary rocks, which he described as being
thrust blocks from the southeast.

Based upon this rela

tionship Brennan (1957) placed the age of thrust faulting
as post-lower Miocene.
In 1958, three authors cited thrust faulting as
the major tectonic process to affect the area south of the
Rincon Mountains.

Acker (1958) attributed the formation

of a red siliceous breccia in the Colossal Cave area to
the percolation of alkaline solutions along a thrust sur
face.

Working to the south and west of Posta Quemada Ranch,

Layton (1958) noted the importance of lithologic control
on structures and recognized post-Pantano imbricate thrust
faulting from the south.

Kerns (1958) also reported post-

Pantano thrusting in an area just south of Agua Verde Creek
near Colossal Cave.

Folding in this area was attributed

to the same compressive forces which caused the thrusting.
Kerns (1958) did mention the possibility that gravitational
gliding might be, in part, responsible for the structure
now seen in the area which he studied.

Kern's (1958)

hypothesis was the first mention in the literature of an
alternative hypothesis to thrust faulting as the major mode
of deformation in the Rincon Mountain area.
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In 1961, McColly suggested gravitational tectonics
as the major mode of deformation within the western Rincon
Mountains.

Working in the Saguaro National Monument area,

just west of Tangue Verde Ridge, he suggested westward
gliding of the sedimentary rocks away from the topographic
and structural high to the east.

McColly (1961) was thus

the first person to actively promote the idea of gravita
tional tectonics in the Rincon Mountain area.

Fair and

Jinks (1961) described movement along the Catalina fault
at the southern edge of the Santa Catalina Mountains.
These authors interpreted this fault plane to represent
multiple movements, both thrust and normal in nature; they
concluded that the final component of movement had been
gravitational.
Investigating a part of the Santa Catalina complex,
Peirce (1958) suggested the importance of horizontal com
pression at great depth giving rise to the vertical move
ment of earth materials.

He likened this theory to the em

placement of a salt plug. Pilkington (1962) worked in the
»
eastern part of the Santa Catalina Mountains and concluded
that the structural features in these mountains were re
lated to the formation of a mantled gneiss dome during
Laramide time.

As a result of his study in the western

Catalina complex, McCullough (1963) proposed a model for
the Santa Catalinas similar to the model of gneiss-dome
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generation proposed by Eskola (1949).

Mayo (1964) concluded

from his work in the southern part of the Santa Catalina
Mountains that folding and faulting in that area were a
result of gravitational tectonics.

Schafroth (1965) con

curred with the importance of gravitational tectonics as
a result of his study in the Empire Mountain area.
DuBois (1958, 1959a, and 1959b) described the
geology and petrography of the gneissic complex of the
Santa Catalina Mountains and discussed the evolution of the
gneissic units as a result of two periods of metamorphism.
He divided the gneiss complex into three distinct mappable
units:

banded augen gneiss, augen gneiss, and granitic

gneiss-gneissic granite.
In 1966, Pashley completed a comprehensive struc
tural and stratigraphic study of the Tucson Basin, which
borders the Catalina-Rincon complex on the southwest.

He

delineated the trace of the Catalina fault along the southern
edge of the Rincon Mountains and noted that it separated
folded sedimentary rocks to the south from the Catalina
Gneiss to the north.

Movement along this fault was de

scribed as due to thrusting in a north-northwesterly direc
tion.
Miles (1965) and Plut (1968) examined the geology
exposed on the eastern flank of the Rincon Mountains,
Miles (1965) discussed metamorphism and hydrothermal
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alteration in the Lecheguilla Peak area and the intrusion
of the Happy Valley Quartz Monzonite, which he dated as
Jurassic.

In the Eagle Peak-Hells Gate area, just south

of the Lecheguilla Peak area, Plut (1968) interpreted that
both thrust faulting and gravitational gliding were im
portant mechanisms of deformation.
Leger (1967) defined Tanque Verde Ridge accurately
as being a broad anticline whose axis trends S70°W and
plunges 19°SW.

The axial plane of this broad anticline

is inclined steeply to the southeast.

He also described

a strong mesoscopic mineral lineation which trends either
S50O-60°W or N50o-65°E and plunges respectively to the
southwest or northeast.

Leger (1967) concluded that there

had been vertical uplift within the fold core causing
flowage away from the crest..
Arnold (1971), on the basis of a structural in
vestigation in the Rincon Valley-Posta Quemada Canyon area,
disputed the idea of north-directed thrusting.

Instead,

he proposed southwest-directed gravity gliding away from
several centers of uplift.

According to Arnold (1971),

adjustment of an unstable Precambrian floor was responsible
for this gravitational gliding.
Drewes (1972) described imbricate thrust faulting
in the southeastern Rincon Mountain area in his preliminary
geologic map of the Happy Valley Quadrangle.

He proposed
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that thrust sheets in the area moved in a northeasterly
direction; a proposed distance of transport within each
thrust sheet was at least 10 to 20 miles (Drewesf 1972).
Davis (1973) noted the extent to which "sheets"
of sedimentary rocks marginal to the Rincon complex were
folded.

On the basis of detailed fold analysis he concluded

that gravity gliding in a radial pattern had occurred off
the topographically high Rincon Mountains.

In the Mar

tinez Ranch area, Davis (1973) suggested that gliding of the
sedimentary "sheet" had been toward the south-southwest.
The literature concerning the structural history of
the Rincon Mountain area is an account of attempts to in
terpret the fundamental geologic relationships by two con
flicting tectonic hypotheses:
gliding.

thrusting versus gravity

These two hypotheses suggest that deformational

features in the sedimentary "sheets" at the base of the
Rincon Mountains were due either to thrust faulting from
one of several southerly directions and/or sliding of the
"sheets" under the forces of gravity off of a structurally
high area, the Rincon Mountains, in a predominantly
southerly direction.
Method of Investigation
The months of September through March 1973-1974
were spent in the geologic mapping of the area and in the
collection of samples for laboratory examination.
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Field Procedure
A detailed fabric analysis of mesoscopic structures
was made with the aid of aerial photographs, planimetric
maps, topographic maps, and "brunton and pace."

Photographs

were obtained from the U.S. Department of Agriculture
(Forest Service, EQB Series), at scales of 1 inch to 1320
feet and 1 inch to 495 feet.

Portions of both the Rincon

Valley Quadrangle and the Happy Valley Quadrangle maps of
the U.S. Geological Survey 15-minute Topographic Series
were enlarged from a scale of 1:62,500 to 1:6000 and used
as a base for geologic mapping.
The area of study was divided into two major
domains.

Domain I (Fig. 3) consisted essentially of meta-

morphic rocks in the northern portion of the mapped area.
Here structural elements were measured along an orthogonal
grid with stations located approximately every one quarter
of a mile.

Foliation, lineation, and joint measurements

were taken at each survey point and samples were collected
at alternate grid stations.
Domain II in the south-central portion of the
mapped area consists essentially of Paleozoic limestones
(Fig, 3).

Within this domain geologic mapping and de

tailed fold analysis were carried out within two subdomains— Ila and lib (Fig. 3).

Fold data were treated

stereographically as described by Ramsay (1967) and Turner

Domain

I

Domain H

Figure 3. Domains and subdomains designated for
the Martinez Ranch area.
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and Weiss (.1963) .

The fold data were interpreted with the

aid of methods described by Hansen (1971) and Davis (1974).
Classification of folds and folding was carried out from
procedures of Whitten (1966), Hudleston (1973), Donath and
Parker (1964), and Ramsay (1967).
Laboratory Procedure
As an aid in analysis, a pole-density program was
used to convert all orientation data into lower hemisphere
equal-area net projections with pole density diagrams pro
vided by Calcomp.

Programs developed by Davis (1972),

which utilize the counting method of Noble and Eberly
(1964), were employed.
Petrographic work was completed on several samples
of the gneiss complex.

The physical properties of folia

tion and lineation could, therefore, be defined for this
specific study area.
Due to the lack of megafossils within the Martinez
Ranch area, an attempt was made to locate microfossils
within samples of the sedimentary rocks.

After crushing

each sample, acetic acid was used to dissolve portions of
the rocks.

Tetrabromoethane was then used to sort out

heavy minerals from each sample.

No microfossils were

found in the heavy-mineral fractions of the samples.

STRATIGRAPHY
The Martinez Ranch area is divided into two dis
tinct geologic "provinces" by the east-west-trending
Catalina fault which traces along Agua Verde Creek in the
west-central portion of the mapped area.

North of the

Catalina fault exists the Rincon Mountain complex, con
sisting primarily of the Catalina-Rincon Gneiss (Arnold,
1971)

(Fig. 4, in pocket).

This unit gives way to several

less extensive rock units near the Catalina fault.

Just

north of and along this fault the Rincon Valley Granodiorite, the Turkey-Track Porphyry, and a diabase unit
crop out.

South of the Catalina fault Paleozoic and

Cenozoic rock units predominate.

The Bolsa Quartzite,

the Abrigo Formation, the Martin Formation, the Horquilla
Limestone, the Earp Formation, the Pantano Formation, a
siliceous breccia, and late Tertiary and Quaternary units
crop out in this area.

The Paleozoic units crop out in

the low hills west of the Martinez Ranch, while the Tertiary
and Quaternary units crop out primarily in the flatlands
peripheral to these low hills.
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Precambrian Rocks
Catalina-Rincon Gneiss
Most of the Santa Catalina and the Rincon Moun
tains are thought to consist of a single, extensive rock
unit? the Catalina Gneiss.

The Catalina Gneiss broadly

refers to the gneissic rocks which make up most of the
main mountain mass.

Blake (1908) is the first author to

introduce the term to literature.

Moore et al.

(1941)

later subdivided this rock complex into a primarily grani
tic part and a dominantly gneissic part.

This subdivision

is evident on the Geologic Map of Arizona (Wilson, Moore,
and Cooper, 1969).
DuBois (1959b) introduced a three-fold subdivision
of the metamorphic rocks in the Catalina complex:

a banded

augen gneiss, an augen gneiss, and a granitic gneissgneissic granite.

DuBois (1959b) noted the gradational

character of the contacts of his three subdivisions and
acknowledged that minor outcrops of any one unit might be
found in an area where another one of the subdivisions
predominated.

Arnold (1971) referred to this gneiss com

plex as the Catalina-Rincon Gneiss.
Several lines of evidence exist which suggest a
Precambrian age for the Catalina-Rincon Gneiss.

First,

metamorphosed Younger Precambrian sedimentary rocks have
been noted to overlie the gneiss on the eastern flank of
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the Santa Catalina range (Waag, 1968).

Secondly, Damon

et a l . (1963) have reported zircon dates from near the
Hitchcock Memorial on the M t . Lemmon Highway.

The lead

isotopic content of the zircons has indicated an age of
1660 m.y.

Shake! (1972, p. 285) has proposed that the

isotopic data suggest the "Catalina sequence may have been
converted to gneiss before deposition of the rocks that
later became Pinal Schist."

Damon et al.

(1963, p. 118)

have dated the gneiss by means of the potassium-argon method
at 26.8 + 1.7 m.y., indicating that uplift of the mountain
mass "had progressed to the point that metamorphism had
terminated by Upper Oligocene-Lower Miocene time."
The Catalina-Rincon Gneiss which crops out over
most of the northern half of the Martinez Ranch area is
separated from sedimentary rocks and basin-fill to the
south by the well exposed Catalina fault (Fig. 4).

In

the western portion of the mapped area, Agua Verde Creek
marks the southern terminus of exposed gneiss.

The nearly

north-south-trending fault which borders the Rincon Moun
tains on the east also terminates the gneiss complex in
that direction.
The gneissic rocks of the Martinez Ranch area are
commonly light gray in color, weathering to a medium to
light brown and white on exposed surfaces (Fig, 5).

The

essential minerals which occur within the Catalina-Rincon
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Figure 5. Exposure of the Catalina-Rincon Gneiss
showing the light-gray to light-brown weathering color.
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Gneiss are quartz, plagioclase, orthoclase, muscovite, and
biotite, with, the composition being that of a quartz
monzonite (Drewes, 1972).
than 1/4 inch in diameter.

Grain size is generally less
Catalina-Rincon Gneiss of the

Martinez Ranch area seems to most closely resemble a grada
tion between the "augen gneiss" and the "granitic gneissgneiss ic granite" of DuBois (1959b).

Peterson's (1968)

Seven Falls Gneiss and Gibbon Mountain Gneiss appear to be
similar in their appearance to the gneiss in the Martinez
Ranch area.
Foliation and lineation are generally well de
veloped within the gneiss complex.

Dipping commonly south-

southwest, the foliation strikes west-northwest.

Lineation

within the area of study mainly plunges gently to the westsouthwest.

A more detailed discussion of both foliation

and lineation will follow in a later section.
Rincon Valley Granodiorite
The Rincon Valley Granodiorite was first described
as the Rincon Valley Granite by Moore et al.

(1941) because

of its occurrence in and around Rincon Valley.

This unit

has been mapped in many areas around the Rincon Mountain
complex,

Plut (1968) described this unit in the Eagle

Peak-Hells Gate area on the eastern flank of the Rincon
Mountains.

These units were later considered as being
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equivalent to the Rincon Valley Granodiorite by Drewes
(1972).
Arnold (1971) discussed the occurrence of the
Rincon Valley Granite in the Rincon Valley, Colossal Cave,
and northern Empire Mountain areas.

He described this

unit as grading from a granodiorite to quartz monzonite
in composition and interpreted the age of the Rincon
Valley Granodiorite to be Precambrian on the basis of a
depositional contact between this unit and the overlying
Bolsa Quartzite.

Drewes (1972) cited the age of this unit

to be 1540 + 60 m.y. based upon potassium-argon analysis
of biotite.
A few scattered outcrops of the distinctive Rincon
Valley Granodiorite occur west-northwest of the Martinez
Ranch.

This unit is exposed in the fault zone which

separates the Catalina-Rincon Gneiss below from the Paleo
zoic sedimentary rocks above the fault.
This unit is generally a light green, medium to
coarse-grained, biotite-hornblende granodiorite within
the Martinez Ranch area.

Although only exposed in minor

amounts this unit is massive in appearance.
Pinal (?) Schist
Minor amounts of the Pinal (?) Schist are exposed
in the Martinez Ranch area.

Exposed west-northwest of the

ranch, the Pinal (?) Schist occurs along the trace of the
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Catalina fault (Fig. 4).

To the south, this outcrop of

Pinal (?) Schist is apparently in low-angle fault contact
below with the Paleozoic sedimentary rocks.

To the north,

the Pinal (?) Schist is bordered by the underlying gneiss
complex.
The Pinal (?) Schist is composed primarily of
quartz, feldspar, muscovite, and chlorite.

This unit in

the Martinez Ranch area occurs as a brown to silverly-gray
phyllite, similar to the Pinal Schist described in the
Bisbee area (Ransome, 1904); and it is on this basis that
the correlation made.

The Pinal Schist is Precambrian in

age as evidenced by the intrusion of this unit by the Pre
cambrian Oracle Granite north of the western tip of Tanque
Verde Ridge (Moore et al., 1941).
Paleozoic Rocks
Cambrian System
Two Cambrian units are found within the Martinez
Ranch area;
tion.

the Bolsa Quartzite and the Abrigo (?) Forma

Ransome (1904) first described the Bolsa Quartzite

in the Bisbee area and determined that the thickness of
this unit was 430 feet.

The correlation with this unit in

the Martinez Ranch area is made on the basis of lithology
and stratigraphic sequence.
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In the mapped area, the Bolsa Quartzite is exposed
in minor outcrops on the north slope of the sedimentary
hills, about 1/2 mile west-northwest of the Martinez Ranch.
This unit is in fault contact with the Martin Formation
to the south and is covered by gravels to the north.

Due

to poor exposure, an accurate thickness determination is
not possible, but the estimated thickness is less than
50 feet.
The Bolsa Quartzite in the Martinez Ranch area is
conglomeratic and ranges in composition from an orthoquartzite to a subarkose.

Quartz pebbles up to 1 inch in

diameter are present in this unit and are surrounded with
a poorly sorted matrix of quartz, feldspar, and hematite.
The unit is generally reddish-brown to gray in color; where
weathered the color ranges generally from maroon to dark
gray.

The Bolsa Quartzite is highly fractured and small

outcrops of untraceable quartzite are found.

Due to the

conglomeratic nature of all outcrops observed, these ex
posures are most likely in the lower Bolsa Quartzite
(Bryant, 1968, p. 33).
Overlying the Bolsa Quartzite is the Abrigo (?)
Formation of Upper (?) Cambrian age.

The Abrigo Formation

in the Bisbee area, as described by Ransome (1904), has a
thickness of 770 feet.

In the type locality he describes

this unit as a very cherty dolomitic limestone, which is
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thin-bedded, and in part shaly

(Ransome, 1904, p. 3).

The

distinctive "gnarly" bedding described by Bryant (1968,
p. 34) is the most diagnostic feature exhibited by the
Abrigo Formation.

He attributed this phenomenon to the

"alternation of relatively thin beds of clastic and car
bonate rock."
In the Martinez Ranch area, the Abrigo (?) Forma
tion is exposed on the north slope of the sedimentary hills
located in the south-central portion of the mapped area.
In fault contact with the Martin Formation to the north
and to the south, the non-resistant beds of the Abrigo (?)
Formation primarily form a covered slope which is separated
from the gneiss complex below by the Catalina fault (Fig. 4)
The Abrigo (?) Formation exposed in the Martinez
Ranch area consists primarily of dark brown to green, sandy
to dolomitic limestones and shales.

An estimate of the

thickness of this unit is 150 feet.

Fossils are not found

within this unit; therefore, designation as Abrigo (?)
Formation is based upon lithologic similarity and strati
graphic sequence.
Devonian System
Ransome (1904), again in the Bisbee area, uses the
term Martin Limestone to describe a 340-foot thick type
section of limestones and shales lying between the
Mississippian Escabrosa Limestone and the Cambrian Abrigo
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Limestone.

The term Martin Formation, introduced by Huddle

and Dobrovolny (1952) to describe the Devonian section of
central Arizona, is now accepted nomenclature in southern
Arizona.

Wright (1964) extensively studied the petrology

of the Martin Formation at 17 chosen localities in south
eastern Arizona.

In the Colossal Cave area, he describes

a 290-foot section of primarily yellowish-gray dolomite and
calcilutite.
In the Martinez Ranch area the Martin Formation
crops out approximately 1/2 mile west-northwest of the
Martinez Ranch.

This unit is found in fault contact with

the overlying Horquilla Limestone to the south and with
the Abrigo (?) Formation, Bolsa Quartzite, and gneiss
complex to the north.
The Martin Formation, within the study area, is
generally distinctive yellowish-gray dolomites and tan to
orange siltstones and forms ledgy slopes.

An estimated

total thickness for the Martin Formation is 150 feet.
Minor amounts of unidentifiable fossil debris are found
within this unit.
Pennsylvanian System
The type section for the Horquilla Limestone is in
the Tombstone Hills.

This unit is described as consisting

of predominantly medium-bedded limestones interbedded with
red clastic units.

In the type section the lower contact
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of the Horquilla Limestone is distinctive.

Below this unit

lie the cliffs of the Escabrosa Limestone.

The contact with

the overlying Earp Formation is gradational in nature and
is taken as the point at which the clastic percentage of
the section becomes greater than 50%.

In the Tombstone

Hills locality several identifiable megafossils include:
Dictyoclostus, Composite, and Neospirifer, along with the
corals Lophophyllidium, Syringopora, and Chaetetes.

Also,

several fusulinids can be found, among these are Fusulinella,
Fusulina, and Wedekindellina.

The thickness of the Hor

quilla Limestone in the Tombstone Hills locality is 999
feet (Gilluly, Cooper, and Williams, 1954) .
The Horquilla Limestone is the most extensively
exposed sedimentary unit in the Martinez Ranch area (Fig.
6).

Exposure of the Horquilla Limestone occurs primarily

along the southern slope of the east-west-trending hills,
due west of the Martinez Ranch (Fig. 4).

Forming nearly a

dip slope, these beds trend generally west-northwest and
dip approximately 20o-30° south-southwest.

The Tertiary

gravels of the basin-fill deposits and the Tertiary Pantano
Formation cover these beds to the south.
In the Martinez Ranch area the Horquilla Limestone
consists of thin to thick-bedded, gray to pinkish-gray
micrites, which contain numerous chert nodules and
siliceous interbeds.

Interbedded with the micrites are
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Figure 6. Exposure of the Pennsylvanian Horquilla
Limestone showing predominance of the ledge-forming lime
stone beds.

28
green to red shales, shaley limestones, and mudstones.

This

unit rests in fault contact upon the Martin Formation, the
Abrigo Formation, and the gneiss complex.

Stratigraphically

above the Horquilla Limestone are the red and green shales
of the Earp Formation.

An accurate measurement of the

thickness of the Horquilla Limestone in the Martinez Ranch
area is impossible due to the intense folding and deforma
tion (Fig. 7).

However, the estimated thickness enclosed

by the enveloping plane for the folded Horquilla Limestone
is approximately 300 feet.
Of the many fossils found in the Tombstone Hills
locality, only the coral Chaetetes
Martinez Ranch area.

(?) is found in the

It is poorly preserved in siliceous

interbeds in the pinkish-gray micrites.

The Horquilla

Limestone is recrystallized throughout the area, and this
recrystallization may be responsible for the absence of
fossils.

Variations in bedding orientation in the Horquilla

Limestone occur frequently due to intense folding within
this unit.
Pennsylvanian-Permian System
In referring to some of the Paleozoic sedimentary
rocks younger than the Horquilla Limestone, previous
workers have cited the Andrada Formation (Wilson, 1951).
Gilluly et al.

(1954) have described the more restrictive

unit— the Earp Formation, and Rea (1967) has recommended
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dropping the term Andrada in the southern Rincon Moun
tains in favor of its use.

As previously mentioned,

the contact between the upper Horquilla Limestone and
the lower Earp Formation is gradational and marked by
an increase in the clastic sedimentary rocks.

The lime

stones and shales of the Horquilla Limestone and Earp
-Formation are very similar in appearance except for the
absence of the pinkish limestones in the Earp Formation
(Bryant, 1955).
The destinctive red chert-pebble conglomerate
can be observed within the Earp Formation throughout
southern Arizona.

Rea (1967) interprets this diagnostic

unit to be a result of stream channel deposition of chert
nodules derived from the Pennsylvanian Naco Formation
in the Winkelman-Superior area to the north.

In 1967,

Rea measured a 430-foot thick incomplete section of the
Earp Formation in the Colossal Cave area.
In the Martinez Ranch area the Earp Formation crops
out on several low hills about two miles west of the
Martinez Ranch.
deposits.

It is bordered to the south by basin-fill

To the north the Earp Formation overlies the

Horquilla Limestone which in turn lies in fault contact
with the Martin Formation and the gneiss complex to the
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north (Fig. 4),

Generally, bedding within the Earp Forma

tion strikes west-northwest and dips about 20° southsouthwest.

Like the Horquilla Limestone, the Earp Forma

tion is highly folded; local variations in attitude of
bedding are great (Fig. 8).
The prevalence of primarily reddish thin-bedded
shales and mudstones with respect to the medium-bedded
blue-gray limestones is noticeable in outcrop appearance
in the Martinez Ranch area.

This predominance of less

resistant beds manifests itself in the low slopes of the
Earp Formation distinguishable from the ledgy slopes of the
underlying Horquilla Limestone.

The distinctive red chert-

pebble conglomerate is exposed in minor amounts approxi
mately two miles west-northwest of the Martinez Ranch
(Fig. 9).

Like the Horquilla Limestone, the Earp Formation

appears thoroughly recrystallized, thus accounting for a
lack of fossil record.

In this area, the Earp Formation

is highly folded and faulted.

Therefore, no accurate

thickness determination can be made.

The apparent thick

ness of the enveloping plane of the Earp Formation is
approximately 200 feet.
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Figure 8. Exposure of highly folded red shales in
the Pennsylvanian-Permian Earp Formation.

Figure 9. Exposure of distinctive red chert-pebble
conglomerate described by Rea (1967).
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Cenozoic Rocks
Tertiary System
'

Brennan (1957) formally defined the Pantano Forma

tion in the Cienega Gap area, approximately six miles westsouthwest of the Martinez Ranch.

Brennan (1957) measured

over 13,000 feet of clastic sediments and volcanic beds
and assigned to them an age of early Miocene (?)•
noted that these beds dip generally eastward.

He

Damon et al.

(1963) dated sanidine crystals from an ash flow from within
the Pantano Formation at 36.7 + 2.1 m.y. using the
potassium argon method.

Metz (1963) assigned an age of

early Oligocene to middle Miocene time to the Pantano
Formation.
The outcrops of the Pantano Formation within the
present study area are very few and scattered.

Primarily

the formation is exposed along incised wash beds where its
cover of Tertiary gravels has been removed and in low
hills in the southern portion of the mapped area.

In the

Martinez Ranch area these strata commonly dip eastward
from 10o-30°, however, locally they dip northward from
20o-25°.
In the Martinez Ranch area, the Pantano Formation
is a maroon to brownish-red conglomerate with subangular
fragments,

Grains ranging from clay-size to 6 inches in

diameter are noted, although fragments of about 1/8-1/4
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inch are most common.

Fragments consist primarily of lime

stone, shale, mudstone, and minor quartz and diabase; the
matrix consists mostly of iron-rich calcium carbonate.
The rocks exposed in the Martinez Ranch area are most likely
in the lower portion of the Pantano.Formation based upon
the observation by Arnold (1971) that the fragments in the
lower portion of the Pantano Formation are mostly limestone,
while in the upper portions the fragments are largely
granitic in nature.

Bedding within the Pantano Formation

is generally well defined by zones of increased fragment
size.

Sorting is very poor with a large variation in frag

ment and matrix size.
Pegmatite
In the Martinez Ranch area, a highly weathered
pegmatite crops out north of the sedimentary rock/gneiss
contact.

The intrusive is composed of quartz, plagioclase,

muscovite, and euhedral almandine garnet crystals.
size is usually less than 3/4 inch.

Grain

This unit is distinc

tive white in outcrop; a general lack of vegetation results
in a very characteristic barren appearance.

The pegmatite

exhibits a faint foliation (mineral banding of quartz,
plagioclase, and muscovite) and lineation (streaked quartz
and plagioclase), both of which are conformable with these
same elements in the surrounding gneiss complex.
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Pegmatites were noted within the gneiss complex
of the Rincon Mountains.
Damon et al.

Using the potassium-argon methods,

(1963) dated muscovite crystals from a pegma

tite from within the gneiss complex at 32.7 ± 3 m.y.

This

sample was collected approximately 12 miles north-northwest
of the Martinez Ranch area.

The age, which may represent

an incomplete degassing of the large muscovite crystals
during the mid-Tertiary thermal event (Damon et al., 1963),
was assumed to be the age of the pegmatite which crops out
in the Martinez Ranch area.
Turkey-Track Porphyry
Cooper (1961) suggests the use of the descriptive
term Turkey-Track Porphyry as preferable to the petro
graphic terms basalt or andesite for the distinctive
porphyritic unit cropping out in southeastern Arizona.
The age of the Turkey-Track Porphyry in the Mineta Ridge
locality, on the eastern flank of the Rincon Mountains,
is probably Miocene (Cooper, 1961).

In the Mineta Ridge

area, the Turkey-Track Porphyry is younger than the Mineta
Formation of Chew (1952), which, on the basis of fossil
evidence, is late Oligocene to middle Miocene.
The Turkey-Track Porphyry crops out in minor
amounts near the southeast corner of the mapped area.
There it intrudes the Pantano Formation as a dike approxi
mately 150 feet wide.

In the Martinez Ranch area, the
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Turkey-Track Porphyry is conspicuously dark red-brown in
color with light plagioclase "shadows" on a weathered
surface.

This porphyritic andesite contains tabular plagio

clase phenocrysts found to range up to 15 millimeters in
length.
Siliceous Breccia
Acker (1958) described a red siliceous breccia
near Colossal Cave about eight miles west-northwest of the
Martinez Ranch area.

According to Acker (1958, p. 26),

the matrix of the silica breccia in the Colossal Cave area
was "generally uniform being composed of cryptocrystalline,
colloidal hematite and fine particles of quartz."

He

suggested that the Bolsa Quartzite was a source rock for
the silica and that the silica was carried as a highly
soluble constituent of hydrothermal alkaline solutions
along basal fault planes.

Upon reaching zones of fracturing

under less pressure, the silica was deposited in limestones
and quartzites.
In the Martinez Ranch area, a massive red siliceous
breccia crops out as a resistant caprock for many of the
sedimentary hills as it intrudes mainly Horquilla Limestone
(Fig. 10).

On the southern slopes of the hills this

siliceous breccia is exposed extensively due to the dipslope nature of the hills and the concordance of the sili
ceous breccia with the sedimentary sequence.

Thickness
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Figure 10. Exposure of resistant red siliceous
breccia capping hill of Horquilla Limestone.

Figure 11. Closeup of red siliceous breccia showing
quartz veining in the fractured matrix of Horquilla Lime
stone .
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of this breccia unit ranges from a thin veneer to a maximum
of 20 feet.
The composition of the brecciated rocks remains
relatively constant throughout the Martinez Ranch area.
Highly fractured limestones serve as the host rock for the
quartz veins (Fig. 11).

The quartz veins are most commonly

massive in form and comprise from little to all of the rock
unit.

Also both botryoidal quartz and "box-work1' quartz

occur in this unit, while occasional euhedral quartz
crystals occur as vug filling.

In certain localities the

quartz filling comprises massive "bull" quartz veins up
to 4 feet thick.
Residual pieces of limestone in the red siliceous
breccia are altered.

Recrystallization of much of the

limestones and apparent destruction of most of the fossil
record within or near the siliceous breccia may be a result
of heat introduced with the cementing quartz veins along
fractures in the limestones.

Although the siliceous

breccias within the Martinez Ranch area and the Colossal
Cave area vary somewhat, it is believed that these siliceous
breccias occurring eight miles apart may be correlative.
Diabase
North of the east-west-trending sedimentary hills,
the overlying sedimentary rocks have been stripped away to
expose the basement rocks of the main mountain mass.
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Several exposures of the dark green diabase crop out along
this sedimentary rock/gneiss contact.

Thickness of the

diabasic unit at this boundary between Domains I and II is
difficult to determine due to poor exposure, but it is
estimated to be generally less than ten feet.

This highly

altered diabase includes large amounts of epidote as well
as minor amounts of magnetite and pyrite altered to hematite.
The unique occurrence of this unit along the sedimentary
rock/gneiss contact, as well as the apparent concordance of
the diabase with this contact, suggests that this contact
serves as a structural control on the emplacement of the now
highly weathered and highly altered diabase.
Although most of the diabase is exposed in the con
tact zone between the sedimentary rocks and the gneiss,
several smaller concordant exposures of the diabase exist
as interbeds within the sedimentary sequence, several
hundred feet from the contact.

These exposures are not

traceable for more than a few feet at any one outcrop.

The

thickness of these.small lenses is estimated to be between
one and two feet.
The age of the diabase is uncertain but is presumed
to be Tertiary (?).

The determination of the age will be

discussed later in the section describing the structural
geology of the Martinez Ranch area.

It is suggested that

accurate age dates of this unit might be useful in
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specifically determining the age of deformation within the
area of study.
Fanglomerate (?)
In the southeast corner of section 20, in the
southwestern corner of the mapped area, low rounded hills
predominate.

Although no outcrops of this unit are ob

served, distinct large rounded boulders characterize the
float of these hills.

Most of these boulders are dioritic

to granodiorite in composition and are generally light green
on a fresh surface.

Grains within these boulders are com

monly less than 1/2 inch across.
This unit overlies the Pantano formation and rests
high enough that no more recent sediments rest upon it.
Age of this unit is suggested to be late Tertiary (?).
Recent erosion has dissected much of this unit, thus
resulting in the low rounded hills.
The fanglomerate (?) may correlate with a fanglom
erate described by Brennan (1957) south of Agua Verde
Creek, just west of the Martinez Ranch area.

He states that

oyer ”90 percent of the material in the fanglomerate is
derived from a gray quartz diorite or dioritic gneiss"
(Brennan, 1957f pp, 23-24).

Within his area, Brennan notes

that this unit is loosely cemented with calcareous material.
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Late Tertiary (?) Deposits
Flat-lying thin sand and gravel deposits rest with
angular unconformity upon the Catalina-Rincon Gneiss, the
Paleozoic formations, and the Pantano Formation.

Litho

logically these deposits are similar to the Quaternary
alluvium and are composed of large limestone and gneissic
boulders mixed with large sand-size particles.

These

deposits occur largely in the area of lowest relief in the
southern and eastern parts of the mapped area.
Quaternary and Recent System
In the northeast corner of the mapped area, in the
north-central portion of section 10, exists a recent land
slide covering nearly 1/4 square mile.

This slide consists

solely of blocks of Catalina-Rincon Gneiss; maximum distance
of movement of the blocks is estimated to be. less than 1/2
mile.

The movement directions of the slide appear to be

in a radial pattern from a topographic high area at the
northern boundary of the slide.

Within the slide itself,

internal movement ranges from south to southeast, as sug
gested by the lobate pattern.
Quaternary Alluvium
Thin deposits of unconsolidated to poorly con
solidated heterogeneous sediments of Quaternary age occur
over much of the mapped area, particularly on the south

41
and east of the gneiss complex.

Steep stream gradients have

resulted in the washing out of most of the alluvium from the
washes which drain the Rincon Mountains to the north.
However, extensive deposits of sand and gravel exist in the
flatlands to the south.

Stream boulders are subangular to

subround and are composed of the older rock units found in
the area.

STRUCTURAL GEOLOGY
The rocks within the two domains designated within
the Martinez Ranch area exhibit distinctly different struc
tural elements.

Rocks in Domain I, encompassing the gneiss

complex in the northern portion (Fig. 4), display a well
developed foliation and lineation.
rocks as well.

Joints pervade the

Domain IIz in the south-central portion,

primarily consists of Paleozoic sedimentary rocks.

Well

exposed faults and abundant folds highly deform these
sedimentary rocks.
Foliation
Within the gneiss complex of the Santa Catalina and
Rincon Mountains a well developed foliation is pervasive.
The parallel alignment of discrete mineral bands defines
this foliation in the Martinez Ranch area.

Quartz, plagio-

clase, orthoclase, muscovite, and biotite comprise mineralogically discrete bands (Fig. 12).

The subparallelism

of small lens-shaped augen, generally less than 1/4 inch,
long, and platy mica minerals also help to define the
foliation.

The laminae within the gneiss are generally

less than 1/4 inch thick.

The banded gneiss found else

where in the Catalina-Rincon complex (for example, in the
42
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Figure 12. Photomicrograph of foliation, showing
discrete mineral bands of primarily quartz, plagioclase,
orthoclase, muscovite, and biotite; crossed nicols, X 3 H .
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Catalina forerange (Peterson, 1968)) is conspicuously
absent in the Martinez Ranch area.
Several macroscopic structures, as defined by
foliation attitudes, have been defined in the Rincon Moun
tains.

Tanque Verde Ridge (Fig. 2) has been shown to be

a large west-southwest-plunging antiform (Leger, 1967).
Pashley (1966) discussed the synformal nature of Rincon
Valley and the antiformal configuration of Rincon Peak
Ridge (Fig. 2).

The axes of both of these large folds

plunge gently to the west-southwest.

The subparallelism

of all of these folds and their correspondence in morphology
suggest that a system of west-southwest-trending alternating
antiforms and synforms exist in the Rincon mountain mass.
Davis (1974) described this internal structure of the Rincon
Mountains.

Pashley (1966) demonstrated that this fold

system can be found in the Santa Catalina Mountains.
Wilson et al.

(1969) note that a large upright

antiform exists in the eastern part of the Rincon Mountains.
This north-south-trending macroscopic fold is subparallel
to the trace of the eastern Rincon Mountain border fault.
In the Martinez Ranch area, foliation orientations,
with few exceptions, are uniform (Fig. 13).

In the western

and central portion of Domain I the foliation strikes
N640W and dips 18°SE (Fig. 14).

In the eastern portion

of Domain I foliation attitudes divert from this preferred
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Figure 14. Lower hemisphere equal-area net projec
tions of attitudes of (a) poles to foliation, (b) lineation,
and (c) poles to joints from the gneiss complex, showing
number of readings and contours of percent readings per
1% area.
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orientation to strike northeasterly and dip southeasterly
(Fig. 4).
The great circle distribution exhibited by the
stereographic plot of total poles to foliation (Fig. 14)
represents this general change in the orientation of folia
tion from west to east.

This girdle has a ir-axis (Ramsay,

1967, p. 10) which trends S19°E and plunges 14°.

This axis

is subparallel to the upright antiform that Wilson et al.
(1969) describe in the eastern Rincon Mountains.
Lineation
Lineation, like foliation, is well developed
throughout much of the Santa Catalina and Rincon Mountains.
In the Martinez Ranch area fractured quartz and sheaths
of muscovite and biotite aligned parallel to elongate
feldspar augen characterize the lineation (Fig. 15).
Preferentially oriented, elongate mineral fragments along
with aligned feldspar and quartz augen help to define the
mineral lineation that the gneissic rocks of Domain I .
exhibit.

Bands of lineation are generally less than 1/4

inch across, with widths controlled by the size of the
largest grains.
Many authors have reported the predominant
southwest-northeast trend of lineation throughout the
Santa Catalina and Rincon Mountains.

In the Tanque

Verde Ridge area, Leger (1967, p. 22) reports that the
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Figure 15. Photomicrograph of lineation, showing
elongate quartz, plagioclase, orthoclase, muscovite, and
biotite; crossed nicols, X 3 % .

Figure 16. Photograph of lineation within the
Catalina-Rincon Gneiss.
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lineation trend "is from S. 50° W. to S. 65° W. and the
plunge is from 10° to 50° SW.11 He notes, however, that
lineation of the north limb of the antiform forms a second
ary mode which "trends from N. 50° E. to N. 65° E. and
plunges to the northeast."
The uniform orientation of lineation found in
many parts of the Santa Catalina,and Rincon Mountains also
characterizes the gneiss complex of the Martinez Ranch
area (Fig. 16).

A strong primary mode exists which trends

S56°W and plunges 11° (Fig. 14).

This general orientation

predominates in the western and central portions of the
mapped area (Fig. 4).

Lineation is also observed to plunge

gently to the northeast in the eastern portion of Domain
I.

This secondary mode represents a refolding of the

southwest plunging lineation about the axis of the upright,
south-southeast plunging antiform which lies west of the
Rincon Mountain boundary fault.
Fractures
Fractures are well developed in the CatalinaRincon Gneiss.

The most pervasive fracture set in gneiss

within the Martinez Ranch area strikes nearly north-south
and dips essentially vertically (Fig. 14).

This set has

served to control drainage and ridge development (Fig. 17).
Toward the northern portion of Domain I (Fig. 4) this
fracture set strikes more nearly north-northwest and

Figure 17. Photograph of joints within the
Catalina-Rincon Gneiss.
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becomes coincident with the N20o-30°W fracture set observed
in the Tanque Verde Ridge area (Leger, 1967).

The girdling

effect of the plot of poles to joints is evidence for this
change in the fracture set orientation (Fig. 14).

Toward

the southwest corner of the area this nearly north-southstriking fracture set curves to a northeast-southwest
orientation.
Also developed within the Catalina-Rincon Gneiss
(Domain I) is a second major fracture set.
fractures strikes N83°W and dips 83°NE.

This set of

Although not the

most well developed set in the study area, fractures of
this orientation are noted throughout the gneiss complex.
Faults
Within much of the Martinez Ranch area, faults
exist as pervasive elements of deformation.

Intense

brecciation, slickensides, missing sedimentary section,
fracture-controlled igneous intrusion, and deformed sedi
mentary section all provide ample evidence that faulting
occurred within the area of study.
The Catalina fault is the largest and most well
exposed fault within the area of study (Fig. 18),

Several

authors in the past have described or alluded to this nearly
east-west-trending fault.

Within the Martinez Ranch area,

Pashley (1966) described this fault as dipping from 170-22°
to the south.
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Figure 18. Exposure of the south-dipping Catalina
fault which separates Horquilla Limestone above from the
Catalina-Rincon Gneiss below.

Figure 19. Exposure of crushed breccia zone along
the trace of the Catalina fault under Devonian Martin
Limestone.
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Drewes (1972) has indicated on his preliminary
geologic map of the Happy Valley Quadrangle that this
fault is one of a number of low-angle thrust faults found
in the Martinez Ranch area.

He indicates on his map that

the thrust faulting is north to northeast-directed.
Davis (1973) has discussed the importance of
gravitational adjustment along the Catalina fault.

He

describes the fault as a decollement between the sedimentary
rocks above and the gneiss complex below.
In the Martinez Ranch area the location of the
Catalina fault can be traced or inferred for nearly three
miles (Fig. 4).

In the west-central portion of the mapped

area this fault is exposed along the west-northwest-trending
Agua Verde Creek.

There the fault separates the gneiss

complex to the north from primarily Horquilla Limestone
and basin-fill sedimentary rocks to the south.

To the

east Agua Verde Creek turns southward, but the fault
maintains its east-southeast strike.
A gouge zone up to ten feet wide occurs along the
fault (Fig. 19).

This distinctively white colored, barren

zone of crushed rocks contains many ovate-shaped pebbles
and boulders comprised mostly of quartz and chlorite.
Individual clasts have long axes which are generally less
than six inches in length.
along the Catalina fault.

Locally, diabase is intruded

53
The strike of the Catalina fault is oriented
subparallel to the strike of the foliation within the
gneiss complex.

In the western portion of the mapped area

the Catalina fault strikes from N560-85°W and dips from
160-33° to the south-southwest.

In this area two stria-

tions on slickenside orientations are. found to plunge from
190-28° to the S38o-40°W.

In the eastern portion of the

study area this fault strikes generally from N74°E to
N82°W and dips from 14o-40o to the south.

Three reading

of striations on slickensides in this area are noted to
plunge 21o-40° to the S260-35°W.

The general change in

strike of the Catalina fault mimmicks the girdle seen on
the plot of poles to foliation surfaces (Fig. 14).

Stria

tions on slickensides also mimmick this girdling effect,
but to a lesser extent.
A second major fault borders the eastern edge of
the Rincon mountain mass.

The trace of this nearly north-

south-trending, steeply dipping fault is shown on the
preliminary geologic map of the Happy Valley Quadrangle
(Drewes, 1972).

The east side of the fault has moved down

with respect to the west side (Drewes, 1972).
In the Martinez Ranch area, the north-south
trending border fault can be traced for over two miles
(Fig. 4).

For most of the fault trace, the gneiss complex

to the west is separated from basin-fill deposits to the
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east.

However, 1/4 mile northwest of the Martinez Ranch,

several hundred square feet of intensely brecciated lime
stones occur within the fault zone (Fig. 20).

At that loca

tion , the orientation of the fault zone can be measured
directly; it strikes N8°W and dips 67° to the northeast.
No evidence of slickensided surfaces are found.

However,

if the north-northwest-trending upright antiform west of
the fault is interpreted as a drag fold due to the faulting,
nearly dip-slip movement can be inferred through a stereo
graphic solution.
Numerous macroscopic faults occur within the sedi
mentary sequence.

These faults are all south of and

subparallel to the Catalina fault.

For the most part these

are bedding plane faults whose locations are indicated
by the absence of formations or portions of formations
from the normal stratigraphic sequence.

Most notable among

the missing units is the Escabrosa Limestone.

The forma

tions which are seen represent thinned portions of their
presumed original thickness.

Drewes (1972) interpreted

these faults to represent an array of imbricate south
dipping thrust surfaces within the sedimentary sequence.
The single most prominent bedding plane faults
within the sedimentary sequence occurs along the southern
slope of the sedimentary hills which are due west of the
Martinez Ranch.

This fault zone is discernible because of
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Figure 20. Breccia zone in Devonian Martin Lime
stone (?) along the eastern Rincon Mountain border fault.
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the large number of silica veins and the highly brecciated
condition of the Horquilla Limestone in the fault zone.
Resistance to weathering of this silica breccia results in
the exposure of the fault zone over much of the southern
slope of these hills.

This siliceous breccia strikes from

N60°E to N80°W and dips from 230-55° to the south.

Well

exposed slickensides plunge 350-46° to the S0O-35°W.
Folds
Morphology
Abundant well developed folds occur throughout the
sedimentary sequence of the Martinez Ranch area.

Folds

appear to pervade sedimentary rocks in most of the hills
of the study area.

Generally, the folds are best exposed

on the north-facing slopes.

Within the area individual

folds range in amplitude* from three to several hundred
feet.
Individual fold styles are relatively uniform over
much of the study area.

Straight limbs converging to an

angular hinge define the common chevron nature of folds
within the sedimentary rocks.

Hudleston (1973) used a

continuous series of ideal functions to define 30 idealized
fold forms (Fig. 21).

His visual harmonic analysis is

*Ramsay's (1967, p. 353) definition of amplitude
as "half the perpendicular distance between the two en
veloping surfaces" is employed herein.
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Figure 21,
Hudleston (1973).

Classification of fold styles after
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dependent upon two parameters.

Six shapes of folds are

defined for each of five amplitudes.

In the Martinez

Ranch area, folds are most nearly the same as Hudleston1s
classes 113-E" and V3-F."

These are folds in which rela

tively straight limbs converge resulting in a chevron or
"knee-shaped" fold (Fig. 22).
Commonly, the more ductile interbeds within the
rock sequence are thinned on the limbs of each fold and
thickened in the hinge area.

In the Martinez Ranch area

shales represent the relatively ductile units when found
interbedded with limestones.

When interbedded with

siliceous units, limestones represent the more ductile
parts of the sequence.

When flowage of ductile units

occurs, the fold style changes to nearly ideal similar
folds, as defined by Ramsay (1967).
Most of the folds in the Martinez Ranch area have
been formed through flexural-slip, where "layering exer
cises an active control on the deformation, and the resulting
folds represent a true bending of layers"
Parker, 1964, p. 49).

(Donath and

The specific characteristics of most

of the folds appear to have been influenced strongly by
layering, a planar anisotropy within the rock units
(Fig. 23) .
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Figure 22. Chevron fold in limestone showing
straight limbs converging to an angular hinge.

Figure 23. Photograph showing the flexural-slip
style of folding which is pervasive in the area of study.
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Geometry
In order to define accurately the three-dimensional
orientation of each individual fold, both axial surface and
axis orientations were measured in the field.

Three

hundred and nineteen fold orientations were measured and
stereographically plotted in order to determine statistically
preferred orientations of folds throughout the sedimentary
rock units in the study area.

Axial surface and axes

orientations were found to display strong preferred orienta
tions (Fig. 24).

Plots of these orientations indicated

that axial surfaces strike northwesterly and dip moderately
to the northeast.

The axes most commonly plunge gently to

the east-southeast.
The plot of poles to bedding, which is a n-diagram
(Ramsay, 1967, pp. 9-10), indicate that the folds in the
study area are cylindrical (Fig. 24).

The ir-axis plunges

5° S65°E and is subparallel to the modal fold axis orienta
tion.

The gentle southerly dip of the sedimentary rocks

in the .Martinez Ranch area is clearly evident on the plot
of poles to bedding (Fig. 24).
During field examination, the asymmetry (if any) of
each fold is noted.

Two types of asymmetry are discernible

as a function of the relative orientations of the long and
short fold limbs;

clockwise and counterclockwise.

If the

short limb appears to be rotated clockwise with respect to
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1,3,5%

Figure 24. Lower hemisphere equal-area net projec
tions of attitudes of (a) poles to axial surfaces, (b) axes,
and (c) poles to bedding, showing number of readings and
contours of percent readings per 1% area.
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the long limbs, when viewed down-plunge, its asymmetry is
said to be clockwise; a fold’s asymmetry is said to be
counterclockwise when the short limb is rotated counter
clockwise with respect to the long limbs (Hansen, 1971)
(Fig. 25).

The terms dextral and sinistral are used to

describe folds characterized by clockwise and counter
clockwise rotation, respectively (White and Jahns, 1950).
Within the Martinez Ranch area, asymmetrical folds
occur in abundance.

One hundred and forty-five axes

orientations of dextral folds (Fig. 26) and 63 axes of
sinistral folds are measured (Fig. 27).

Dextral fold axes

form a linear preferred orientation which trends S70°E and
plunges 20° (Fig. 28).

Sinistral fold axes form a linear

preferred orientation which trends N40°W and plunges
27° (Fig. 28).
Close examination of the sedimentary "sheet" in
the Martinez Ranch area reveals that, physiographically,
there are two separate "sheets"

(Fig. 3).

The western

"sheet" primarily consists of Horquilla Limestone through
Earp Formation (Fig. 29, in pocket).

The eastern "sheet"

primarily of lower Paleozoic rock units through primarily
Horquilla Limestone* (Fig. 30, in pocket).

For convenience

*No implication that the stratigraphy is complete
within these "sheets" is intended.

63

Figure 25. Asymmetrical fold styles showing the
rotation of the short limb with respect to the long limbs
and the indicated movement directions.

Figure 27,

Sinistral or 11S" fold in limestone
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1,5,10,15%

Figure 28. Lower hemisphere equal-area net projec
tions of attitudes of (a) dextral fold axes and (b) sinistral
fold axes in Domain II, showing number of readings and
contours of percent readings per 1% area.
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in reference, the western "sheet" will be referred to as
Subdomain H a ? the eastern "sheet" will be referred to as
Subdomain lib.
Reexamination'of the pole density diagrams showing
axial surfaces and axes orientations (Fig. 24) for Domain
II reveals bimodal preferred orientations in each diagram.
Separation of the fold data, based upon subdomains, reveals
two separate geologic subdomains.
Within Subdomain Ila 177 folds were noted.

The

axial surfaces of these folds form a strong preferred
orientation which strikes N30°W and dips 45°NE (Fig. 31).
Axes within this subdomain deviate from the preferred
orientation for the sedimentary sequence taken as a whole.
The preferred linear orientation of fold axes trends
S40°E and plunges 10°.
The fold orientations within Subdomain lib, which
strike nearly east-west, are distinctly different from
those orientations for Subdomain Ila.

These surfaces form

a preferred orientation which strikes N60°W and dips 37°NE
(Fig. 32).

Axes in this subdomain also trend more nearly

east-west; specifically, they trend S79°E and plunge 10°.
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Figure 31. Lower hemisphere equal-area net projec
tions of attitudes of (a) poles to axial surfaces,. (b)
axes, and (c) indicated movement direction in the western
”sheet" of sedimentary rocks, showing number of readings
and contours of percent readings per 1% area.

68

Figure 32. Lower hemisphere equal-area net projec
tions of attitudes of (a) poles to axial surfaces, (b)
axes, and (c) indicated movement direction in the eastern
"sheet" of sedimentary rocks, showing number of readings
and contours of percent readings per 1% area.

STRUCTURAL HISTORY
The systematic examination of structural elements
within the gneiss complex and the sedimentary sequence in
the Martinez Ranch area permits an interpretation of the
structural history.

As a preface to the interpretation

of the study area as a whole, fold data are analyzed to
determine slip-line directions for tectonic movements.
Fold Interpretation
Distinctly different fold geometries exist within
the two subdomains of the Martinez Ranch area.

Stereo

graphic analysis of the geometry of each "sheet" allows
slip-line orientations to be defined.

Hansen (1971, p. 9)

states that when a less competent material under the in
fluence of gravity slides down an inclined plane of a more
competent material, "fold axes would be horizontal and
eventually parallel within a few degrees but approximately
perpendicular to the down-dip movement line (or slip
line)."

Therefore, because fold axes orientations within

each subdomain tend to cluster about point maxima, it is
assumed that the corresponding slip-lines are oriented
approximately 90° from their respective fold-axes
69
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orientation maxima and are contained in the modal axial
surface (Hansen, 1971).
While the slip-line direction may be determined
as a result of the modal orientation of fold axes, the
sense of movement along this slip-line must be resolved by
considering the asymmetry of the folds within each subdomain.

Differential bedding-plane movement within a se

quence of sedimentary rocks will result in the formation
of asymmetrical folds.

The asymmetry of the folds can be

used as an index to the sense of relative movement dis
tributed within the rock section.

In the case of dextral

folds, a right-lateral shear couple is indicated.

On the

other hand, sinstral folds generally record a left-lateral
shear (Fig. 25).
The above-mentioned principles and assumptions may
be used to define the slip-line and movement direction for
each subdomain.

With Subdomain Ila of the Martinez Ranch

area the modal orientation for axial surfaces of folds
strikes N30°W and dips 45°NE.
plunge 10° S40°E.

Axes within this subdomain

For these attitudes a slip-line orienta

tion of N40oE-S40°W is deduced (Fig. 31).

The asymmetry

diagrams for the area as a whole unequivocally suggest
movement in a south-southwest-direction (Fig. 28).

From

this information a S40°W-directed movement is deduced for
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the western "sheet" of the sedimentary sequence within the
Martinez Ranch area (Fig. 31).
The modal orientation for the axial surfaces of
folds within Subdomain lib strikes N60°W and dips 37°NE.
Axes within this subdomain plunge 10° S79°E.

For these

orientations a slip-line direction of N10E-S1°W is deduced
(Fig. 32).

By noting the asymmetry diagrams for the whole

area (Fig. 28) a movement direction of S1°W is indicated
for the eastern "sheet" of the sedimentary rocks within
the Martinez Ranch area (Fig. 32).

This movement direction

for Subdomain lib is identical to that proposed by Davis
(1974), whose work was restricted to this particular
subdomain.
Crosby (1969) showed that multiple slip-line orienta
tions may be used to interpret the tectonic history of an
area.

He determined movement directions for several de

tached sedimentary blocks in the western Wyoming Cordilleran
which had previously undergone extensive tectonic transport.
Crosby (1969) employed several mesoscopic movement indi
cators similar to those used in this study.

He projected

his slip-line orientations from the blocks to geometrically
defined points from which divergent and convergent flow of
the detached blocks had occurred.

A method similar to that

employed by Crosby (1969) may be used to enhance the model
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being developed for tectonic transport in the Martinez
Ranch area.
Upon determination of slip-line orientations for
Subdomains Ila and lib, the fold geometries within each
subdomain suggest two distinctly different movement direc
tions.

These two slip-line orientations differ from each

other by 39°.

Crosby (1969) suggests that movement direc

tions which are not colinear for multiple detached "sheets"
may be projected to a point of intersection.

In order to

determine the location of this point of intersection several
assumptions must be made.

Specifically it is assumed:

(!) that the actual movement directions for each
"sheet" can be defined accurately by the absolute
orientations and asymmetries of the folds (Davis,
1974),
(2) that little or no rotation of the "sheets" has
taken place during or after movement, and
(.3) that these two "sheets" faithfully represent
the movement within the Martinez Ranch area, al
though other "sheets" (which have since been
eroded) may have been involved in the movement.
Slip-line orientations for Subdomains Ila and lib
are projected northward from the center of each sedimentary
sheet (Fig. 33).

These lines, which represent average

traces of movement of rocks in each subdomain, are found
to intersect approximately l^ miles north of the present
location of the eastern "sheet."

This reconstruction

point represents the presumed center of the area from which
divergent movement of the two "sheets" took place.

Herein
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Figure 33. Reconstruction map for the Martinez
Ranch area showing location of the point of divergence.
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this point will be referred to simply as the "point of
divergence."

This geometric reconstruction places an

upper limit on the distance of transport after divergence
has occurred.
Diverging slip-lines, projected back to the "point
of divergence," indicate that both "sheets" may have at one
time occupied the same area.

Although this position at

first seems improbable, it is noted that the two "sheets"
are in fact sorted according to stratigraphy.

The western

"sheet" consists mostly of Horquilla Limestone and Earp
Formation, while the eastern "sheet" consists of Bolsa
Quartzite through Horquilla Limestone.

Prior to divergence

of the two "sheets," the western "sheet" may have rested
upon the eastern "sheet."

Because the two "sheets" have

moved along different slip-lines, it is suggested that their
centers could not be superimposed prior to divergence.
Instead, the two "sheets" may have occupied, in part, the
same area prior to divergence (Fig. 33).
Structural Evolution
Based upon original structural investigations into
the fabric of the gneiss complex and rocks in Subdomain
Ila of the Martinez Ranch area, and upon data which cor
roborates Davis’ (1974) study in Subdomain lib, a tectonic
model is proposed.

This model represents mesoscopic and
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macroscopic geologic evidence contained within both the
sedimentary sequence and the gneiss complex of the mapped
area.
Origin of Folds
The geometry of the folded sedimentary rocks of the
Martinez Ranch area is consistent with one general sense
of tectonic transport.

The mountainward dip of axial sur

faces combined with the asymmetry of dextral and sinistral
folds within the sedimentary sequence indicate that deforma
tion of the sedimentary rocks by folding have resulted from
south-directed movements.

This sense of movement combined

with proximity to the Catalina-Rincon Gneiss and the struc
turally high Rincon Peak antiform suggest that low-angle
tectonic transport of the sedimentary rocks has been
gravity-induced, resulting from uplift of the CatalinaRincon Gneiss.
A distinct array of absolute orientations of folds
characterize each glide sheet of sedimentary rocks in the
Martinez Ranch area.

Determination of slip-line orienta

tions for each glide sheet indicates that the sheets have
moved independently of one another in distinctly different
directions in the final stage of gravity gliding.

Pro

jection of the two movement directions northward results
in a "point of divergence" located approximately lh miles
north of the present location of Subdomain lib.

The amountr
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if any, of movement before the glide paths become divergent
is unknown.
Examination of foliation attitudes within the gneiss
complex reveals a change in attitudes from east to west
(Fig. 4).

This girdling effect of foliation coincides with

a change in orientation of the Catalina fault from east to
west.

Movement directions of the two separate sedimentary

"sheets" are noted to nearlv coincide with the dip of both
foliation and the Catalina fault.

The difference in

attitudes along the southern limb of the Rincon Peak antiform is assumed to be responsible for divergence of the
two subdomains.
Timing of Movement
Davis (JL973) in his study of the Rincon Mountain
area noted in the Loma Alta area that Cretaceous sedi
mentary rocks were involved in folding which he attributed
to gravitational gliding off the Rincon Mountains.

This

conclusion suggested that uplift and gravitational adjust
ment of the sedimentary "sheets" took place after the
Cretaceous period.

Damon et al.

(1963) determined through

radiometric dating that emplacement of the Rincon mountain
mass took place during the mid-Tertiary accompanied by sub
sequent high-angle block faulting which dissected the
Rincon mountain area along such border faults as the
eastern Rincon Mountain border fault.

Along this fracture,
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drag of the internal structure of the gneiss complex down
to the east resulted in the north-south-trending antiform
described by Wilson et al. (1969).
Mechanism for Movement
With the structural relief created by the rising
mass of Catalina-Rincon Gneiss in the Martinez Ranch area,
low-angle faulting occurred on the southern flank of the
Rincon Peak antiform.

Foliation surfaces in the upper

gneiss complex together with homoclinally south-dipping
bedding planes acted as multiple surfaces of adjustment
within the section.

Thus, distributed shear acted as the

mechanism for gravity gliding of the Paleozoic sedimentary
rocks' off the Rincon Mountain high area.
Hydrothermal activity, as evidenced by the occur
rence of siliceous veins along some of the faults, perhaps
assisted deformation bv reducing normal stress on the
planes of movement.

With a general warming of the sedi

mentary section, ductility of the rocks increased within
the zone of movement.

Apparent overriding of the more

competent over the less competent clastic units might have
been associated with transport.

As travel of the slide

sheets began, each "sheet" moved independently down the dip
of the general foliation surface on which the "sheet"
rested.
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The individual "sheets" within Domain II of the
Martinez Ranch area represent remnants of a larger se
quence of sedimentary rocks which covered all of the
southern flank of the Rincon Peak Antiform.

With uplift

of the gneiss complex, gliding and erosion removed all of
the cover except those rocks now exposed.

Some char

acteristics of this larger "sheet" are preserved in the
fabric of Domain II,

Diverging and most likely converging

movement patterns have resulted from the movement of sedi
mentary rocks guided by the upper surface of the gneiss
complex,
Given the probability of movement of the sedi
mentary sequence off the Catalina-Rincon Gneiss under the
influence of gravity, the disappearance of portions of the
lower Paleozoic sections must be explained.

Projecting

the present day 9° incline of topography, as well as the
14°-40o southerly dip of the Catalina fault northward a
distance of 1 mile, approximately 500-3500 feet of section
is missing.

It is suggested that within this projected

missing thickness much of the lower Paleozoic section not
seen today may have been located.
Concluding Remarks
Several major questions regarding the geologic
history of the Martinez Ranch area still exists:

(1) what

is the age of gneissification and when did the macroscopic
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folds within the gneiss complex develop, and (2) could
Laramide thrust faulting (Drewes, 1972) be considered
compatible with the structural evidence exhibited in the
area of study?
Macroscopic folds within the gneiss may have formed
during one of several different orogenic events in southern
Arizona.

Such folds may be associated with a Precambrian

age of formation of the gneiss (Shekel, 1972).

Alterna

tively these large folds may relate to orogenic events
occurring during the Laramide orogeny (Pashley, 1966).
Finally, the macroscopic folds in the Rincon Mountains may
have formed during doming of the gneiss in the mid-Tertiary
(Mayo, 1964) .
Northeast-directed thrust faulting in the Laramide,
as proposed by Drewes (1972) , may have occurred.

However,

there exists no structural evidence within the folded
Paleozoic rocks to suggest that any movement except southsouthwest-directed movement has affected these "sheets."
Structural evidence within the Martinez Ranch area
strongly suggests that during the mid-Tertiary gravitational
adjustment sedimentary rocks glided off the rising CatalinaRincon Gneiss.

Two preserved glide sheets presumed to be

representative of the original mass thus slid under the
influence of gravity to the south and southwest.

Proposed

distances of movement for the sedimentary rocks is less

than 1*5 miles after the divergence has occurred.

This

gravitational adjustment has occurred along the Catalina
fault and other subparallel faults located within the
sedimentary section.
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