
Structural geology of the Sabino Canyon fold,
Santa Catalina Mountains, Pima County, Arizona

Item Type text; Thesis-Reproduction (electronic)

Authors Peterson, Richard Charles, 1931-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 19/05/2023 15:58:08

Link to Item http://hdl.handle.net/10150/551707

http://hdl.handle.net/10150/551707


STRUCTURAL GEOLOGY OF THE SABINO CANYON 

FOLD, SANTA CATALINA MOUNTAINS,

PIMA COUNTY, ARIZONA

by

Richard C. Peterson

A Thesis Submitted to the Faculty of the

DEPARTMENT OF GEOLOGY

In Partial Fulfillment of the Requirements 
- For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1963



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of require
ments for an advanced degree at The University of Arizona and is de
posited in The University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in their 
judgment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED:

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

E. B / MAYO 
Professor of Geology

Z /?63
Date



STRUCTURAL GEOLOGY OF THE SABINO CANYON 
FOLD, SANTA CATALINA MOUNTAINS,

PIMA COUNTY, ARIZONA

by

Richard C. Peterson

ABSTRACT

Measurements of the foliation in the Catalina Gneiss of the 

Sabino Canyon area define two anticlinal structures. The Sabino Canyon 

fold, located in the south, is a gentle flexure which trends N. 60° E ., 

plunges 10° SW., and has a steep northwest-dipping axial plane. This 

fold merges northward with the Forerange fold which is situated along 

the northern margin of the area mapped. It has an axial plane that 

strikes N. 70° W. and dips steeply southwest. A strong ubM lineation 

parallels the axis of the Sabino Canyon fold.

Attitudes of the joints indicate that both folds possibly originated 

from vertical uplift. Rose diagrams show that three dominant joint sets 

prevail in this region: N. 65° E ., N. 30° W., and N. 35° E. Adjust

ments along the joints have accentuated the southern fold. A major 

zone of adjustment in Sabino Canyon parallels the axis of the Sabino
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Canyon fold. Slickensides on the fracture surfaces trend generally N. 

75° W. Near the southern margin of the gneissic exposures, a limited 

portion of the Forerange fault crops out, but this exposure does not r e 

veal the nature of this fault.
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INTRODUCTION

Purpose of Study and Method of Treatment

From many vantage points within the Tucson basin, an apparent 

west-southwest-plunging anticline is visible in the vicinity of Sabino 

Canyon in the Santa Catalina Mountains. The objectives of this study 

were to obtain enough measurements of the attitude of foliation in the 

Catalina Gneiss to define this structure, to reveal the relation of the 

fracture pattern to the fold, and to show the relation of the fold to the 

general structure of the Santa Catalina forerange.

Maps of foliation, lineation, and fractures, along with struc

tural and topographic cross sections, arranged as a fence diagram, 

were prepared from data obtained in the field with a Brunton compass. 

The maps represent a portion of the 1957 U. S. Geological Survey topo

graphic map of the Sabino Canyon quadrangle, Arizona, enlarged to a 

scale of 1:10,000. Aerial photographs were used in the field as an aid 

to accurate location of data. These photographs were also used to facil

itate the mapping of fracture directions in some of the inaccessible parts 

of the area.
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Geologic and Geographic Setting

The Santa Catalina Mountains are part of a large northwest

trending complex of igneous, met am orphic, and sedimentary rocks that 

borders the Tucson basin on the northeast (Fig. 1). This complex is 

one of many ranges within the Basin and Range Province of southern 

Arizona. The forerange forms the southern margin of the Santa Cata

lina Mountains and is separated from the higher regions of these moun

tains by an ”irregular chain of basins extending from Romero Canyon on 

the west to Bullock Canyon on the east" (Bromfield, 1952). This report 

covers that part of the forerange extending from Rattlesnake Canyon on 

the northwest to Bear Canyon on the southeast and from Thimble Peak, 

near the crest of the forerange, on the northeast to the alluvium on the 

southwest (PI. I). Access to the area is via Tanque Verde and Sabino 

Canyon roads from Tucson. Various roads and trails within the Coronado 

National Forest afford accessibility to most of the eastern half of this 

area.

Low rounded hills in the southern part of the area give way 

abruptly to steep-sided ridges and narrow canyons in the north. The 

maximum elevation is Thimble Peak at 5,323 feet and the minimum,

2-1/2 miles south in Sabino Canyon, is 2, 660 feet. Sabino Creek and 

its intermittent tributaries have well dissected this area. These streams 

form a typical trellis drainage pattern.
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Previous Work

No detailed geologic study of the metamorphic rocks has been 

completed within 4 miles of this portion of the forerange of the Santa 

Catalina Mountains. Darton (1925), Davis (1931), Bromfield (1952), 

and DuBois (1959) briefly mention the Sabino Canyon area in published 

reports. A U.S. Geological Survey open-file report by Moore, et al. 

(1941) on the geology of the Tucson quadrangle covers the Santa Cata- 

lina-Rincon Mountain complex, but it is of such a scale as to be of little 

use in this project. Several unpublished theses by University of Arizona 

graduate students describe limited portions within the main body of the 

Santa Catalina Mountains. Pilkington (1962) adequately summarizes these, 

and the reader is referred to his work for a listing of previous studies. 

References to specific work will be made in later chapters of this re 

port.
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DESCRIPTION OF ROCKS 

Metamorphic Rocks 

General Statement

The forerange of the Santa Catalina Mountains is composed 

mainly of metamorphic rocks that have been termed the Catalina Gneiss 

by DuBois (1959) and divided by him into three broad groups. These 

subdivisions are: (1) banded augen gneiss, (2) augen gneiss, and (3) 

granitic gneiss. All three groups crop out in the part of the forerange 

covered by this report. However, the augen gneiss is here considered 

a transitional unit between the overlying banded augen gneiss and the 

underlying granitic gneiss. Because of its cataclastic texture, the augen 

gneiss has been included with the banded augen gneiss for mapping pur

poses. The contact between the granitic gneiss and the banded augen 

gneiss was mapped (PI. I), but due to its gradational character, the 

location is only approximate.

Granitic Gneiss

Only two exposures of granitic gneiss are known to occur in 

this area. These are in the deeper parts of Sabino and Bear Canyons
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where stream erosion has exposed them in the crests of the anticlines 

(Fig. 2). Although exposures of this rock type are very limited and 

make up a very small part of the map, their existence is significant in 

interpreting the structure of the forerange.

On a weathered surface, the medium-grained granitic gneiss 

has a mottled tan and white color but also may be stained brown by the 

weathering of mafic minerals from the overlying rocks. Freshly broken 

samples of this rock are gray white with specks of black. Outcrops are 

usually massive and vertical exposures are common due to the promi

nent joints.

Quartz, feldspars, biotite, and muscovite are the main com

ponents of the granitic gneiss. Accessory minerals include garnet, 

epidote, magnetite, and possibly sphene. The rock unit is granite to 

quartz monzonite in composition.

The contact of the granitic gneiss with the overlying banded 

augen gneiss is believed to be gradational. At Seven Falls in Bear Can

yon, transitions from coarse-grained, dark-gray augen gneiss to fine

grained, black bands of banded augen gneiss are included near the top 

of the granitic gneiss unit (Fig. 3). Upward the dark bands enlarge as 

the granitic gneiss develops into progressively thinner, coarser grained 

bands. Coupled with this change is an increase in the amount of cata- 

clastic deformation. Unfortunately, this is the only locality where this 

gradational contact is exposed. In attempting to complete the mapping



FIGURE 2

Gradational contact between granitic gneiss and 

banded augen gneiss. Seven Falls on Bear Creek. 

View looking N. 30° W. Granitic gneiss in fore

ground with an inclusion of banded augen gneiss. 

Cross joints are very conspicuous in this area.

FIGURE 3

Banded augen gneiss inclusion in granitic gneiss. 

Bear Canyon. Looking about S. 80° W.
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of the granitic gneiss exposure in Bear Canyon, it was found that the r e 

maining portion of the contact either occurred on nearly vertical cliffs, 

was covered with talus debris, or was a fault.

In Sabino Canyon, the exposure does not show enough of the 

granitic gneiss in a vertical section to reveal the exact nature of the 

contact. Possibly, the area mapped as granitic gneiss (PI. I) repre

sents but a band of this unit within the transitional zone.

Banded Augen Gneiss

Except for the above mentioned outcrops of granitic gneiss and 

a veneer of recent alluvium, all rocks extensively exposed in this area 

are included in the banded augen gneiss group of DuBois. This unit is 

characterized by alternating light and dark bands. Exposures near the 

top of the vertical cliffs and along the southern margin of the area reveal 

an almost parallel arrangement of these layers. Lower in the section, 

however, the light bands transect the dark layers at all angles and may 

even take on irregular shapes ranging from gentle folds to contorted 

ptygmatic folds (Fig. 4) and may feather out into the dark bands (Figs.

5, 6, and 7). The white bands fluctuate considerably in thickness, vary

ing from a fraction of an inch to many feet; often a single band exhibits 

great lateral variation.

Contained within the dark bands are numerous, fine-grained, 

still darker inclusions. These vary from half an inch to a foot in width



FIGURE 4

Intense ptygmatic folding of light bands in banded 

augen gneiss. Boulder in stream bed. Width of 

boulder about 3 feet.

FIGURE 5

Irregularly shaped light bands in banded augen 

gneiss. Block in Sabino Creek approximately 

6 feet high.
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FIGURE 6

Complex relationship between light and dark 

bands and pegmatite body. Twelve-foot high 

block in Sabino Creek.

FIGURE 7

Small-scale deformation within the banded augen 

gneiss. Looking S. 30° E.
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and from a few inches to tens of feet in length (Figs. 8 and 9). Their 

size appears to be related to their position in the section, that is, the 

size decreases as the depth increases. These inclusions may be rem 

nants of metasedimentary rocks. Pilkington (1962) describes inclusions 

of metasedimentary rocks in the banded augen gneiss from the east flank 

of the Santa Catalina Mountains and there is  no reason, at this time, to 

believe that the inclusions in the.Sabino Canyon area have had a different 

origin.

Field exposures of this unit show great variation. Dark bands 

on canyon walls are black to reddish brown and light layers may be white 

to tan and often weather so as to form ’’grooves” in the cliffs. Most of 

the ridges are capped by a fine-grained biotite gneiss which weathers to 

give the ridges a rounded appearance. This biotite gneiss is also com

monly found underlying the gently sloping portions of the canyon walls.

At lower elevations, the banded unit appears as a gray, gray-green to 

tan, medium-grained augen gneiss. In most localities, the unit has a 

conspicuous cataclastic texture. Fresh samples are very difficult to 

obtain from outcrops because weathering has penetrated very deeply 

into the rock. Unweathered samples may be collected from the deeper 

canyons, however.

Mineralogically, the banded augen gneiss consists of quartz, 

feldspars, biotite, and muscovite with minor amounts of garnet, epi- 

dote, and possibly sphene and magnetite. Variations in the amount of



FIGURE 8

Metasedimentary inclusion in banded augen gneiss. 

Augen up to 2 inches in diameter.

FIGURE 9

Layers of metasedimentary material separated by 

lenses of quartz and feldspar and a gneiss which 

contains many small porphyroblasts of feldspar. 

Looking N. 30° W.
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biotite account for the banding in this unit. Darker bands appear to have 

as much as 30 percent biotite while light layers may contain only 1 to 2 

percent. All gradations exist between these two extremes. The augen 

consist of porphyroblasts or porphyroclasts of quartz or feldspar that 

range in size from less than an eighth of an inch to 3 inches. Larger 

augen are found in the lower part of the section and the "eyes" may be 

absent or very small in the upper portion.

Joints are prominent in this unit also. Tension joints have 

acted as conduits for fluids or gases that account for much of the 

epidotization. A locality in the canyon three quarters of a mile north

east of the Bear Canyon campground provides a good exposure of one of 

these alteration zones.

Aplite and Pegmatite

Associated with both groups of the Catalina Gneiss are many 

aplitic to pegmatitic dikes, sills, and irregular masses.

Aplitic dikes ranging in thickness from a fraction of an inch to 

several inches occupy tension joints with strikes trending N. 30° W. 

and dips that are near vertical. Many veins composed mainly of quartz 

often contain small amounts of epidote which give them a pale green 

color. Minor amounts of hematite, malachite, and chrysocolla are 

found in association with these aplites.

Unlike the aplitic dikes, the pegmatite bodies are very irregular
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in shape and texture. Individual zones may parallel the structure of the 

surrounding gneiss in one place and crosscut it in another or may even 

terminate in an irregular mass. Thicknesses are variable and may 

range up to several feet. Some of the pegmatites have a graphic granite 

texture; others consist of a core of quartz surrounded by quartz, feld

spar, and muscovite; and still others are composed solely of quartz, 

feldspar, and muscovite. The latter usually show cataclastic effects 

while the zoned pegmatites are not altered by such action. Individual 

crystals are up to a foot or more in length.

Crush Breccia

In this report, the term crush breccia is used to include all 

very strongly brecciated rocks. Because most of these rocks occur in 

fissures with strikes oriented in a general N. 60° E. direction and near 

vertical dips, it is believed that all of them have the same origin and 

no attempt was made to differentiate between those with planar struc

ture and those that lack internal structure.

Much crush breccia is found in this area, most commonly 

within the banded augen gneiss. Examples vary from thin films or veins 

on fracture surfaces to dikes several feet wide and they range in color 

from light purple and red to white, red being most common. Thin veins 

may be confused with volcanic rock as they have an aphanitic texture 

and on first appearance may show no relationship to the surrounding
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rocks. Thicker dikes contain small inclusions of quartz and feldspar, 

and the thickest ones incorporate unoriented fragments of gneiss; these 

fragments may reach a diameter of up to 6 inches. Often thick dikes 

appear "zoned" with brecciated borders containing fragments of gneiss 

surrounding an aphanitic core. Many thin, red veins are seen filling 

fractures in some of the pegmatites. These veins seem to strike in 

every direction and most probably their contents were squeezed into 

the open joints. Slickensides are commonly exposed on the walls of the 

crush breccia dikes.

At one locality, west of the Cactus campground, in a zone 6 to 

10 feet wide, manganese minerals were found coating the brecciated 

gneiss. Attempts in the past to mine these minerals have proved un

economical.

Sedimentary Rocks 

Older Alluvium

Scattered throughout the various canyons within this region are 

remnants of old stream deposits. The top of these sand and gravel de

posits is at a maximum of some 30 feet above the level of the present 

streams. These sedimentary deposits are composed of angular to well- 

rounded sand to boulder sized fragments and are well to poorly consoli

dated. They seem to indicate that the valleys, in some locations, were
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twice as wide as they presently are. Davis (1931) suggests that the 

Catalina range has been tilted in recent geologic time, and these old 

stream deposits, hanging on the sides of the canyons, would indicate 

that some recent rejuvenation has indeed taken place.

Younger Alluvium

Unconsolidated sand, silt, and gravel are located along all 

stream beds. Poorly consolidated sediments lap on to the Catalina 

Gneiss along the southern margin of the area included in the report 

(PL I). For information regarding the sedimentary deposits the reader 

is referred to theses by Voelger (1953) and Miller (1961).



DESCRIPTION OF STRUCTURAL FEATURES

Foliation

Two foliate structures appear to exist within the granitic gneiss. 

Where mappable, one planar element strikes generally N. 60° E. and 

dips approximately 10° NW. The other foliation parallels the planar 

structure in the overlying banded augen gneiss. These two structures 

may be related to the ’'stage-one” and "stage-two” planar structures of 

DuBois (1959) but limited exposures prevented determining this relation

ship reliably. Foliation is not as well developed in the granitic gneiss 

as in the overlying unit. This may be due to the interference of these 

two planar structures or possibly to more advanced recrystallization in 

the granitic gneiss. The gneissic texture in this rock is caused by the 

near parallel arrangement of small plates of biotite and muscovite.

In the banded augen gneiss, foliation is strongly developed as 

a result of the cataclastic deformation of the rocks. However, an 

earlier structure probably exists which would be represented by the 

bedding of the original sedimentary rocks. This early structure may 

be seen in the inclusions as a planar parallelism of the biotite. Since 

the cataclastic deformation parallels this original bedding, all evidence

18



19

of the original structure has been obscured in other parts of the banded 

augen gneiss.

Attitudes of the foliation in the banded augen gneiss vary con

siderably throughout the area (PI. I), but outline two large, gentle folds 

and several small flexures. In most of the area mapped, the foliation 

strikes from N. 10° W. to N. 80° W. and dips range from near hori

zontal to 40° SW. Along the northern margin of the area included in 

this report, the foliation strikes from N. 85° E. to N. 40° W. and dips 

from 5° to 20° N. Plates of mica wrapped around augen of quartz and 

feldspar impart a gneissic texture to the rocks within this unit.

Lineation

Linear parallelism is perhaps the most dominant structural 

feature observed. In the granitic gneiss, the lineation is represented 

by elongated quartz grains. Within the banded augen gneiss, the linear 

structure is apparent on a small scale as an elongation of quartz and 

feldspars and streaking of the micas, and on a large scale by oriented 

metasedimentary inclusions and parallelism of fold axes. This linear 

structure is considered here to be a "b" lineation.

Throughout this area, the lineation possesses a remarkably 

constant trend which varies from N. 50° E. in the north to N. 70° E. 

in the south (PL I). Lineation with similar trend has been reported by 

DuBois (1959), Raabe (1959), Laughlin (1960), Pilkington (1962), and
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Pashley (personal communication) from other areas in the Santa Catalina 

Mountains.

An additional linear structure is also present as expressed in 

the slickensides along the fracture zones. Although they vary consider

ably, the majority of these slickensides trend in a general N. 75° W. 

direction and plunge from 40° to 80°.

Some of the crush breccia in the fault zones may exhibit linear 

and planar structures, but the investigation of these microstructures is 

not within the scope of this report.

Folds

A southwest-plunging anticline, referred to in this report as 

the Sabino Canyon fold, is prominent in the southern portion of the map 

(PL I). This is a very gentle fold which has an axis that trends N. 60° 

E. and plunges approximately 10° SW. Dips on the northwest flank vary 

from 5° to 20°. However, along the southeast flank, the dips steepen to 

30° to 40°. Gentle dips on the northwest limb coupled with steeper dips 

on the southeast flank indicate that the axial plane of this fold is inclined 

to the northwest.

Northwest of the anticline is a small, gentle syncline. Dips in 

this fold are similar to those on the anticline, that is, they range from 

5° to 20°.

Although the amplitude of the folds appears to be small,



movement along fracture zones parallel to the axes has accentuated 

both of these flexures.

Northeastward, the anticline-syncline combination merges 

with a fold, referred to as the Forerange fold, that trends west-north

west. This second fold has an axial plane that strikes N. 70° W. and 

dips steeply southwest. It is parallel to and in line with similar domal 

structures reported by Pilkington (1962, PI. I), and it is believed that 

this fold is a part of the main anticlinal structure of the forerange.

Many small folds are associated with the southwest-plunging 

anticline (Fig. 10). These folds have axes that closely parallel the 

Sabino Canyon fold. Light pods of pegmatitic gneiss are quite often 

located in the crests of these minor flexures and exposures of them are 

common throughout the area. Minor flowage and cleavage folds also ex

ist within the banded augen gneiss. White bands are commonly tightly 

folded and contorted but the axes of such folds are essentially parallel 

to the axis of the Sabino Canyon fold.

Joints

Jointing in the Catalina Gneiss is very conspicuous, and the 

topography is controlled by the prominent joint sets. Many rock slides 

and rock falls have occurred in this area because of these joints. These 

slides have covered many of the lower canyon walls with talus debris. 

Rose diagrams were constructed to show the preferred strike directions

21



FIGURE 10

Crest of a minor fold exposed near lower Bear 

Creek. View looking N. 60° E. Longitudinal 

joints parallel the axis of the fold.
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of the several sets occurring in this area. These are shown on Figures 

11 through 16. The diagrams indicate that three sets, N. 65° E ., N. 

30° W., and N. 35° E ., are very strong throughout the area. In the 

southern portion of the map, the N. 65° E. set parallels the axis of the 

Sabino Canyon fold and these are termed longitudinal joints; the N. 30° 

W. set is therefore classified as cross joints. Also in the south, the 

N. 35° E. fracture is paired with a prominent N. 85° W. set and these 

form a shear joint system (Figs. 11 and 12). To the north, the N. 85° 

W. set is almost absent and a N. 5° W. set forms a shear joint system 

with the N. 35° E. set (Figs. 13 and 14). Dips on all of these joint sets 

are very steep.

Spacing between fractures varies considerably. In some lo

calities, joints may be separated by several feet of gneiss, while in 

others, many joints occupy a space of several inches.

Although the cross and longitudinal joints originated as tension 

fractures, they have in places reacted to compressional forces as evi

denced by the slickensides on their surfaces.

Plate n  shows the distribution of the major joint sets and the 

largest fracture zones.

Faults

A major fault was mapped paralleling most of Sabino Canyon. 

Branches of this fault are ezqposed in the roadcut a mile northeast of the



FIGURE 11

Rose diagram of the strike of 300 joints on the

southwestern end of the Sabino Canyon fold.

FIGURE 12

Rose diagram of the strike of 440 joints in the 

syncline northwest of the Sabino Canyon fold.
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FIGURE 13

Rose diagram of the strike of 235 joints on the

west end of the Forerange fold.

FIGURE 14

Rose diagram of the strike of 125 joints on the 

Forerange fold in the Seven Falls area of Bear 

Canyon.
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FIGURE 15

Rose diagram of the strike of 390 joints on the

southeastern flank of the Sabino Canyon fold.

FIGURE 16

Composite rose diagram of Figures 11 through

15.
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Coronado National Forest entrance. Northeast, along Sabino Creek, 

are many exposures of this fault zone. The fault is actually a zone 

which is from 200 to 300 feet in width composed of shattered blocks of 

gneiss. Slickensides along the major fault surfaces trend in a N. 75°

W. direction and plunge from 65° to 80° NW. Other slickensides, 

within the zone, indicate many different directions of adjustment.

This major fault zone strikes approximately N. 65° E. and dips are 

vertical to steep northwest. The amount of offset was not determinable.

Many minor dislocations were observed throughout the area, 

and most of these parallel the major fault in Sabino Canyon. The at

titude of these fractures is similar to that of the major fault and in

dicated movements are likewise similar. The syncline is an area where 

these minor fractures are especially numerous. Small displacements 

were also observed along all of the other fracture directions. These 

minor fractures are too numerous and of too small lateral extent to be 

mapped. However, the total amount of displacement on these fractures 

may be large.

West of the Lower Sabino Canyon picnic area is an exposure of 

a limited part of the Forerange fault which separates the Catalina Gneiss 

from the Tertiary rocks to the south. This outcrop appears as a jumble 

of fractured gneiss coated with green hydrothermal minerals which, ac

cording to Pashley (personal communication), is typical of the rocks 

near the Forerange fault. The nature of the fault was undeterminable



from this single exposure. Moore, et al. (1941) state that the fault is 

a thrust in which Tertiary sediments have been moved northward onto 

the gneiss. Davis (1930) relates the fault to typical Basin and Range 

faulting. Recent work (Pashley) tends to confirm the conclusions of
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INTERPRETATION AND CONCLUSION

Pinal Schist and possibly a part of the overlying Apache Group, 

both of Precambrian age, are believed to have been the original rocks 

from which the gneisses were made. Although correlations could not 

be made with actual exposures of these groups, this tentative age as

signment of the original rocks is based on evidence presented by DuBois 

(1959) and Pilkington (1962).

Geochemical dates (Damon, personal communication) indicate 

that the most recent thermal event occurred in the Santa Catalina Moun

tains some 26.8 + 1.7 million years ago. These dates would seem to 

indicate that metamorphism had terminated by this time, but nothing is 

known, at the present time, regarding the age of the beginning of the 

rock transformation. At present, any age assignment for this period of 

metamorphism and deformation would be pure conjecture.

The two folds mapped here suggest the presence of two zones 

along which the entry of heat was facilitated, thus initiating metamor

phism and possibly updoming. One of these, N. 60° E ., parallel to the 

Sabino Canyon fold is possibly a very ancient feature since it also paral

lels structures reported in the Precambrian rocks of Arizona. It seems 

to have been reactivated when formation of the present structures began.
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The other zone, N. 70° W», parallels many of the structures reported 

by Pilkington (1962) within the Santa Catalina Mountains. This second 

direction is possibly related to the Texas Lineament which appears to 

be an important structural grain in southern Arizona.

Metamorphic differentiation and metasomatism are assumed 

to have acted to change the Pinal Schist or other original material into 

the three units of the Catalina Gneiss. These processes would seem to 

have been active during the time when uplift was in progress so that re 

crystallization of the original material was contemporaneous with defor

mation. The original rocks were feldspathized as indicated by the por- 

phyroblasts of feldspars in the metasedimentary rocks. As shown by 

the decrease in size and number of these porphyroblasts in progressive

ly higher parts of the banded augen gneiss, this feldspathization decreases 

upward in the section as the distance from the heat source increases.

The decrease in size of the metasedimentary inclusions within this same 

unit with increased depth in the section further suggests that metasoma

tism varied with depth in this area. The varying proximity to the heat 

source is suggested by the succession banded augen gneiss, augen gneiss, 

and finally granitic gneiss. As DuBois (1959) suggests, "the augen gneiss 

may represent a more advanced development of the same metasomatic 

transformation that formed the light colored bands of the banded gneiss." 

The granitic gneiss occurs as the deepest unit in the section. Because 

it was nearest the heat source, this unit records a more advanced
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recrystallization than any of the overlying units.

During metamorphism, the area was uplifted producing the 

foliation and the folds. As the area continued to rise, low-angle shear 

joints developed in the banded augen gneiss, and a criss-cross pattern 

of replacement pegmatites formed in these fractures. Some of these 

pegmatites may presently be seen in the higher portions of the section 

near Sabino Dam. However, in the lower part of the banded augen 

gneiss, continued uplift and increased heat caused the criss-cross peg

matites to flow or develop cleavage folds. These minor folds formed 

parallel to the N. 60° E. axis during this stage. Since the crests of 

these minor folds were areas of reduced pressure, feldspathic material 

could migrate into them forming the narrow lens-shaped pegmatites that 

are found paralleling the axis of the Sabino Canyon fold. During the for

mation of these various folds, and because of extension parallel to the 

fold axes, many of the mineral constituents of the rocks were shattered 

and elongated. The folds and stretching of the minerals formed the "b" 

lineation. Because this lineation parallels the Sabino Canyon fold, it is 

believed that this was the first fold to develop.

With continued uplift, the higher portions seem to have attained 

a state at which plastic deformation diminished and crushing dominated. 

This cataclastic deformation served to enhance both the foliation and the 

lineation as many minerals were sheared and drawn out around the por- 

phyroblasts or porphyroclasts of quartz and feldspar in the banded augen
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gneiss. The granitic gneiss, at a higher temperature, may still have 

been deforming plastically during this time.

Vertical tension and shear joints formed as the highest parts 

of the area continued to rise and expand in the solid state. Differential 

upward movement along the axes may account for the variations in the 

joint spacing. From the attitudes of these joints it seems that the up

ward motion was essentially vertical. Possibly at this time material 

was available to fill some of the tension joints with aplite and zoned 

pegmatite. These appear to have escaped cataclastic deformation and 

thus could have been formed at any time after the cessation of the cata

clastic deformation.

At some time during the deformation, increased heat along the 

N. 70° W. zone may have caused the uplift of the Forerange fold to over

take the earlier formed Sabino Canyon fold. As this fold rose it would 

seem to have lifted the northeast end of the Sabino Canyon fold causing 

the axis of the latter to be tilted to the southwest, it may also have 

caused the axial plane of the Sabino Canyon fold to be tilted. Variations 

mapped in the trend of the lineation, from N. 70° E. in the south to N. 

50° E. in the north, could also have resulted from the uplift of the Fore

range fold. Much of the deformation in the southern portion of this area, 

at this time, was concentrated along previously formed joints of the 

Sabino Canyon fold. During this stage of adjustment, the slickensides 

were formed which essentially parallel the Forerange fold. This would
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seem to indicate that the rocks have moved in response to the uplift of 

the Forerange fold and selected these pre-existing joints to accommo

date the movement rather than developing new fractures. A major part 

of the adjustment may have occurred parallel to the axis of the southern 

fold, causing the wide zone of fractures in Sabino Canyon. Movements 

along this zone may also have allowed the axial plane of the Sabino Can

yon fold to tilt to the northwest. Much of the crush breccia may have 

been formed and been injected into many of the joints during this period 

also.

Pre-existing joints on the crest of the Forerange fold may have 

been inadequate to allow for the expansion of the crest and a new set of 

shear joints, striking approximately north-south, seem to have been 

developed to accommodate these new stresses.

Following the period of uplift, the area became more or less 

stable. Moore, et al. (1941) proposed that late Tertiary sediments to 

the south were thrust upon the gneisses of the forerange. On the basis 

of the present investigation, nothing may be said regarding any of this 

faulting except to state that some fracturing has taken place near the 

edge of the gneissic exposures, but nothing was found to indicate the 

nature of the Forerange fault.



SUGGESTIONS FOR FUTURE STUDY

In this report, two anticlinal structures have been shown to 

exist in the Sabino Canyon area that possibly resulted from two over

lapping periods of uplift. Additional work is needed to complete the 

mapping of these two folds from the northern boundary of the present 

study to the structure that separates the forerange from the main mass 

of the Santa Catalina Mountains. The completion of such a study would 

provide a detailed section across the structurally complex forerange 

and should help to reveal the complexities.

An investigation of the relationship between the forerange, 

BromfieldTs (1952) "irregular chain of basins, " and the higher portion 

of the Santa Catalina Mountains is essential in attempting to decipher 

the history of the entire mountain range.

Petrographic studies are needed of the rocks of the forerange 

to supplement the fieldwork.

Easily recognizable rock units with considerable lateral extent, 

if they can be found, would be useful in correlating the rocks of the fore

range with those in other parts of the Santa Catalina Mountains.

Additional geochemical dates on rocks of the forerange are 

needed to fix the metamorphic episodes and correlate them with

34



structural events.

Only a very limited portion of the forerange was mapped in the 

course of the present study, and many more of these small areas need 

to be investigated in some detail if the tectonic history of the forerange 

of the Santa Catalina Mountains is to be properly understood.
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