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ABSTRACT 

The South Mountains are composed of two fundamentally different 

terranes. The western half of the range consists of Precambrian meta

morphic and granitic rocks, whereas the eastern half is dominated by a 

composite middle Tertiary pluton. North-northwest-trending, middle 

Tertiary dikes have extensively intruded both terranes. 

A major episode of middle Proterozoic metamorphism and deforma

tion produced a steep crystalloblastic foliation that generally strikes 

northeast. 

Middle Tertiary plutonism was accompanied by intense myloniti

zation that affected Precambrian and middle Tertiary rocks alike. Dis

crete phases of mylonitization were associated with each intrusive pulse 

between 28 and 25 m.y.B.P. Mylonitization generally produced a low

angle foliation and east-northeast-trending lineation. The attitude of 

mylonitic foliation defines a broad, east-northeast-trending anticline 

that controls the topographic axis of the range. Structurally low rocks 

in the core of the anticline are nonmylonitic, but intensity of mylonitic 

fabric increases progressively toward higher structural levels. Mylon

itic Tertiary plutonic rocks are exposed as a gently dipping carapace 

overlying their less deformed equivalents. Mylonitic fabric cuts 

through the Precambrian terrane as a broad, west-dipping zone. Rocks 

above and below this mylonitic zone are lithologically identical and 

mostly retain their Precambrian structure. 

~i 



xvii 

Fabrics in all rock types indicate that mylonitization resulted 

from extension parallel to east-northeast-trending lineation and flat-

tening perpendicular to subhorizontal foliation. Mylonitization oc-

curred under conditions of elevated temperature but relatively low con-

fining pressure. Gold-bearing quartz veins occur in tension fractures 

that are late- to post-kinematic with respect to mylonitic deformation. 

Mylonitization was succeeded by more brittle deformation that 

produced chloritic breccia and microbreccia in the footwall of a ulajor 

detachment fault that dips gently to the east. The detachment fault 

and underlying breccia were formed by normal faulting and brittle ex-

-
tension in an east-northeast direction. Rocks above and immediately be-

low the detachment fault were antithetically rotated during faulting. 

Mylonitization, detachment faulting, and formation of the main 

east-northeast-trending anticline are all manifestations of east-

northeast-directed, middle Tertiary extension. Evidence for a possible 

continuum between mylonitization and detachment faulting has important 

implications regarding the evolution of Cordilleran metamorphic core 

complexes. 



INTRODUCTION 

Location 

The South Mountains are located in central Arizona, 20 km east

southeast of the confluence of the Salt and Gila Rivers (Figure 1). 

They lie immediately south of metropolitan Phoenix and are mostly con

tained within the City of Phoenix South Mountain Park, the world's larg

est municipal park. Southwestern and southern parts of the range are in 

the Gila River Indian Reservation. Much of the Southern Foothills is 

contained within International Harvester's Phoenix Proving Grounds. Ac

cess to most of the range is excellent via paved roads within South 

Mountain Park and adjacent communities, but it is restricted within 

Phoenix Proving Grounds and in several privately owned land parcels 

near the southwestern end of the range. The South Mountains are re

ferred to as the Salt River Range on some topographic maps. 

Physiography 

The South Mountains are an isolated range surrounded by broad 

plains of unconsolidated surficial deposits (Figure 2). They are over 

18 km long and vary in elevation from approximately 400 to 800 m above 

sea level. The dominant physiographic feature is a large, northeast

trending ridge that herein is referred to as "Main Ridge" (Figures 3,4). 

Telegraph Pass, a pronounced topographic notch, occurs near the midpoint 

of the ridge. The physiographic characteristics of Main Ridge show 

marked differences on either side of the pass. 
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Figure 1. Map showing location of South Mountains and adjacent ranges. 
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Figure 2. Aerial photograph of South Mountains, looking southwest. 
Sierra Estrella, type locality of the Estrella Gneiss, 

is large mountain range in the background. 
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Figure 4. Aerial photograph showing profile of eastern South Mountains. 
--View is toward the southeast. 



Northeast of the pass, Main Ridge exhibits an arch-like topog

raphy with a relatively flat top and moderately steep northwest and 

southeast flanks (Figure 2). Elevation of the ridge crest decreases 

gradually towards the northeast along the topographic ~Ais of the range 

(Figure 4). Several large drainages trend east-northeast down the axis 

of the ridge. A strong, transverse, north-northwest topographic grain 
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is defined by numerous linear drainages and ridges (Figure 5). In con

trast, the northeastern end of the ridge consists of irregularly trending 

ridges and small, isolated hills. 

Southwest of Telegraph Pass, Main Ridge bifurcates into a series 

of southwest-trending ridges that have steep, rocky slopes and serrated 

crests. Most large drainages flow to the southwest, parallel to the 

ridges. Several other drainages with nonsystematic trends have partially 

embayed the ridges. North-northwest topographic grain is not well devel

oped southwest of the pass. 

Lying northwest of Main Ridge is a northeast-trending ridge that 

herein is referred to as "Alta Ridge" (Figure 3). Alta Ridge has an ir

regular, serrated crest and steep, rocky slopes. Near the park entrance, 

it adjoins Entrance Ridge, a succession of small, rounded hills. The 

low-relief "North Ridge" lies northwest of Alta Ridge. 

South of Main Ridge is a series of irregularly shaped hills and 

ridges that constitute the "Southern Foothills"(Figure 3). They are 

topographically subdued, except for a few rugged peaks. Hills and ridges 

of the foothills are commonly aligned along northeast and northwest 

trends. Topographic embayments and small isolated hills are especially 

common in this part of the range. 
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Figure 5. Aerial photograph of northern edge of Main Ridge. -- Photo
graph by Cooper Aerial Survey Company. 



For this report, the Southern Foothills will be subdivided into 
\. 

five sections (Figure 3). The "western half" and "central region" are 

composed of a series of small ridges that have northwest and northeast 

trends. South of the central region are several east-west-trending 
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ridges that herein are referred to as the "Boundary Hills." East of the 

central region are two northeast-trending ridges. The northernmost is 

named "Ahwatukee Ridge" for a nearby community. The southern ridge is 

referred to as "Pima Ridge" because it contains Pima Ranch. These names 

are used throughout this report. 

Geologic Studies 

There was no complete geologic study of the South Mountains prior 

to this investigation. Lee (1905) briefly mentioned the range while dis-

cussing the geology of the lower Salt River region. Darton (1925) noted 

the presence of chloritic schist, phyllite, and biotite granite. The 

Geologic Map of Maricopa County (Wilson, Moore, and Peirce, 1957) de-

picts the range as Precambrian gneiss intruded by a northwest-trending 

Laramide pluton. Wilson (1969) briefly described rock types and scat-

tered gold occurrences in the Southern Foothills. Avedisian (1966) stud-

ied petrology of Precambrian metamorphic rocks, Tertiary granite, and 

Tertiary dikes in the western half of the range. He mapped the granite-

Precambrian gneiss contact and adjacent Tertiary dikes. He also noted, 

but did not map, a gradational contact between the granite and a foli-

ated, more mafic pluton to the east. Like Wilson and others (1957), he 

assigned the foliated rock (granodiorite) a Precambrian age, suggesting 



that it had been emplaced before or during the Precambrian Mazatzal 

Orogeny. 
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Mapping for the present study was carried out intermittently be

tween 1977 and 1981 utilizing U.S. Geological Survey 7.5 minute quadran

gles as a topographic base (Figure 6, in pocket). Detailed structural 

analysis was performed at many localities, and key rock types were col

lected for petrographic and geochronologic studies. Rb-Sr and K-Ar geo

chronology was done in cooperation with M. Shafiqullah and Paul E. Damon, 

of the Laboratory of Isotope Geochemistry, University of Arizona. Pre

liminary reports of this research have been published elsewhere 

(Reynolds, Rehrig, and Damon, 1978; Reynolds and Rehrig, 1980). 

Purpose and Goals 

The South Mountains have long been thought of as a small mountain 

range composed mostly of Precambrian gneiss (Wilson, Cooper, and Moore, 

1969). As a consequence, geology of the range was given only superfi

cial treatment by previous geologists. 

In the 1970's, it was recognized that many mountain ranges in 

western North America contain a distinctive assemblage of rocks and 

structures. The term "metamorphic core complex" was coined to distin

guish these unique ranges (Coney, 1973, 1980). Metamorphic core complex

es are characterized by a central terrane of metamorphic, plutonic, and 

mylonitic rocks overlain by a marginal zone of brittle deformation and 

detachment faulting (see descriptions in Crittenden, Coney, and Davis, 

1980). Around 1976, the author and William A. Rehrig recognized that 

the South Mountains contain rocks and structures typical of metamorphic 
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core complexes. We are intrigued by the range because it appeared to be 

the most geologically simple core complex of all. It contains the con

troversial mylonitic rocks and detachment fault, but lacks a complicating 

Mesozoic history that makes interpretation of most other complexes so 

difficult. In the South Mountains, the origins of mylonitic rocks and a 

detachment fault could be evaluated in their most simple geologic set

ting. Also, a clear association between mylonitization and plutonism 

enables ages of mylonitization to be tightly constrained using isotopic 

geochemistry. The resulting ages provide the first documentation for 

middle Tertiary mylonitization in Arizona (Reynolds and Rehrig, 1980). 

Nomenclature 

Igneous rock nomenclature used is that adopted by lUGS 

(Streckeisen, 1976). The term "mylonitic" is used in a descriptive, 

nongenetic sense. In rocks described as mylonitic, some minerals have 

deformed brittlely, whereas others have deformed ductilely or through 

recrystallization. These rocks are very similar to hand specimens and 

photomicrographs of protomylonite, mylonite, mylonite schist, and mylon

ite gneiss as presented in the classification of Higgins (1971). In 

this report, a tabular intrusion is referred to as a "dike" if it dips 

more than 45° and as a "sill" if it dips less than 45°. 



REGIONAL GEOLOGIC SETTING 

The South Mountains are situated within the Basin and Range 

physiographic province, a region characterized by alternating mountain 

ranges and intermontane valleys. Valleys are underlain by locally thick 

sequences of Late Cenozoic clastic sediments, evaporitic units, and sub

ordinate volcanic rocks. Mountain ranges of southern and western Arizona 

contain a wide variety of rocks and structures. However, in ranges near 

the South Mountains, Tertiary rocks directly overlie Precambrian crys

talline basement or Phanerozoic granitic rocks with no intervening Paleo

zoic and Mesozoic sedimentary and volcanic rocks. Therefore, whereas 

aspects of the Precambrian and Tertiary geologic history of the South 

Mountains region can be studied directly, the Paleozoic and Mesozoic 

geologic history of the region must be extrapolated from elsewhere in 

Arizona. 

The oldest rocks exposed near the South Mountains are middle 

Proterozoic 1.6 to 1.7 b.y.-old metamorphic rocks. These rocks are gen

erally amphibolite grade and typically possess a northeast-~~il~ing foli

ation that has steep or moderate dips. Proterozoic metamorphic rocks 

comprise large parts of the nearby Sierra Estrella (Wilson, 1969), White 

Tank Mountains (Rehrig and Reynolds, 1980), and McDowell Mountains 

(Christenson, Welsh, and Pewe, 1978) (see Figure 1 for locations). They 

have been intruded by granitoid plutons that are probably also middle 

Proterozoic. These plutons are commonly granodioritic in composition 

and are synmetamorphic in some locations and postmetamorphic in others. 
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Probable Proterozoic granodioritic plutons are exposed in the Sierra 

Estrella; Buckeye Hills (Rehrig and Reynolds, 1980); southern White 
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Tank Mountains; and McDowell Mountains (Christensen and others, 1978). 

Postdating the granodiorites and the regional metamorphism is a suite of 

coarse-grained, porphyritic granites that are approximately 1.45 b.y. old 

(Silver, 1978). This type of granite is exposed in the Sierra Estrella 

(Wilson, 1969; Pushkar and Damon, 1974); Maricopa Mountains, southern 

White Tank Mountains, McDowell Mountains (Christenson and others, 1978); 

and Santan Mountain-Cho1la Mountain area (Wilson, 1969). No middle Pro

terozoic sedimentary rocks equivalent to the Apache Group have been re

ported near the South Mountains, although diabasic intrusions of approxi

mately the same age may occur locally. 

Exposures of Paleozoic rocks near the South Mountains are rela

tively small and insufficiently studied (Wilson, 1969). Judging from 

Paleozoic rocks elsewhere in Arizona, the South Mountains region was 

probably overlain at one time by a cratonic sequence of Paleozoic clastic 

and carbonate rocks (Peirce, 1976a). However, such rocks are believed to 

have been eroded from the region during the Mesozoic and early Cenozoic 

(Harshbarger, Repenning, and Irwin, 1957). 

There are virtually no exposures of Mesozoic sedimentary or vol

canic rocks within 100 km of the South Mountains. Evidence of middle 

Mesozoic volcanism, sedimentation, plutonism, and deformation is pre

served in west-central Arizona (Reynolds, 1980) and in southern Arizona 

(Hayes and Drewes, 1978; Haxel and others, 1980). It is unclear how 

this Mesozoic tectonic activity affected central Arizona. It is prob

able that central Arizona was part of an uplifted area (Mogollon 



highlands of Harshbarger and others, 1957; Cooley and Davidson, 1963) 

that shed detritus northward during parts of the Mesozoic. 
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During late Cretaceous and early Tertiary time, Laramide Orogeny 

affected much of Arizona. In southern Arizona, Laramide Orogeny was 

accompanied by plutonism, volcanism, sedimentation, and compressional 

deformation (Drewes, 1978; Davis, 1979). One manifestation of Laramide 

Orogeny in central Arizona was emplacement of Late Cretaceous granodio

ritic and granitic plutons. These plutons commonly have dioritic border 

phases (Wilson, 1969) and are locally associated with porphyry-type cop

per mineralization. The nearest porphyry copper deposit to the South 

Mountains occurs in the Sacaton Mountains (Figure 1). 

In the early Tertiary, classic Laramide Orogeny was followed by 

a unique episode of plutonism. During the Eocene and Paleocene, 

muscovite-bearing, peraluminous granites were emplaced in southern and 

western Arizona (Keith and Reynolds, 1981). Muscovite-bearing granites, 

possibly of this age, are exposed in the White Tank Mountains and Buckeye 

Hills of central Arizona. 

During the early Tertiary, much of Arizona was subjected to an 

interval of widespread erosion that formed unconformities at the base of 

middle Tertiary sequences. In middle Tertiary time, southern Arizona was 

the site of widespread sedimentation, volcanism, and plutonism. Extreme 

tilting and normal faulting of middle Tertiary sections in many areas 

was synchronous with sedimentation and volcanism. In addition, meta

morphism, mylonitization, and uplift locally accompanied plutonism in 

metamorphic core complexes of southern and western Arizona (Crittenden 

and others, 1980). 



14 

Late Tertiary Basin and Range block faulting formed most of the 

present-day basins and ranges between 14 and 5 m.y.B.P. (Scarborough 

and Peirce, 1978; Eberly and Stanley, 1978; Shafiqullah and others, 

1980). Variably sized clastics were shed into relatively downdropped 

basins while mountain ranges were denuded by erosion. Evaporites ac

cumulated in some closed basins, including the Luke basin near Phoenix 

(Peirce, 1976b). As Basin and Range faulting waned, throughgoing drain

ages such as the Salt and Gila Rivers became well established and as

sisted in final sculpturing of the region. 



GEOLOGIC RELATIONSHIPS 

General Statement 

The South Mountains are composed of two fundamentally different 

terranes (Figures 6 and 7). The western half of the range consists of 

Precambrian metamorphic and granitic rocks, whereas the eastern half is 

dominated by a composite middle Tertiary pluton. Both terranes have 

been intruded by numerous, north-northwest-trending Tertiary dikes. 

The Precambrian terrane has been subdivided into two units: 

Estrella Gneiss and Komatke Granite. Estrella Gneiss is a widely exposed 

unit composed of interlayered gneiss, schist, amphibolite, and granitoid 

rock. It has been intruded by Komatke Granite along the western end of 

the range. Precambrian metamorphism and deformation produced a steep, 

crystalloblastic foliation in both rock types. 

The composite middle Tertiary pluton was emplaced into the Pre

cambrian terrane and contains three distinct phases: South Mountains 

Granodiorite, Telegraph Pass Granite, and Dobbins Alaskite. South Moun

tains Granodiorite is the oldest phase and comprises most of the eastern 

half of the range. Near the center of the range, it both grades into 

and has been intruded by Telegraph Pass Granite. Dobbins Alaskite oc

curs as a border phase of the granite. The composite pluton is 28-25 

m.y. old. 

Middle Tertiary plutonism was accompanied by intense mylonitiza

tion that affected both Precambrian and middle Tertiary rocks. Myloniti

zation produced a gently to moderately dipping foliation and a 
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penetrative lineation that consistently trends east-northeast. The ori

entation of mylonitic foliation defines the broad, doubly plunging South 

Mountains anticline that parallels the east-northeast-trending topograph

ic axis of the range. Structurally low rocks in the core of the anti

cline are devoid of mylonitic fabric. However, intensity of mylonitic 

fabric increases progressively toward higher structural levels. Mylon

itic Tertiary plutonic rocks are preserved as a gently dipping carapace 

over their less deformed equivalents. Mylonitic fabric cuts through the 

Precambrian terrane as a broad zone that dips gently or moderately south

west. Rocks above and below the zone are lithologically identical and 

mostly retain their steep Precambrian foliation. 

A myriad of north-northwest-trending dikes intrudes Precambrian 

and middle Tertiary rocks in the center of the range. The dikes range 

in composition from granite to diorite and were emplaced between 28 and 

25 m.y.B.P. Approximately half of the dikes are undeformed, whereas the 

remainder exhibit a well-developed mylonitic fabric. The youngest in

trusions in the range are microdiorite dikes that do not possess any 

mylonitic fabric. 

A distinctive chloritic breccia gradationally overlies mylonitic 

South Mountains Granodiorite on the northeast end of the range. It is 

composed of chloritic, highly jointed, and brecciated masses of the un

derlying granodiorite. In several places, chloritic breccia is capped 

by a thin ledge of microbreccia. The microbreccia is overlain by a low

angle detachment fault whose upper plate contains Precambrian Estrella 

Gneiss and several middle Tertiary dikes. 
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Late Tertiary-Quaternary surficial deposits surround bedrock ex

posures of the range and were deposited nonconformably over all rock 

types and structures described above. 

Area Summaries 

Geologic relationships vary considerably from area to area 

within the South Mountains. The mountain range can be subdivided into 

eight physiographic-geologic domains: 

1) Alta Ridge and western Main Ridge; 

2) Telegraph Pass and vicinity; 

3) Entrance Ridge; 

4) Mount Suppoa and Dobbins Lookout; 

5) Central Southern Foothills; 

6) Boundary Hills; 

7) Pima Ridge; and 

8) Ahwatukee Ridge and eastern end of Main Ridge. 

Salient geologic relationships are summarized below for each area. 

Alta Ridge and Western Main Ridge 

These northeast-trending ridges are mostly composed of Precam

brian Estrella Gneiss and Komatke Granite (Figure 7). Both rock types 

contain a steep, crystalloblastic foliation that generally strikes 

northeast to east-west. Locally, granite has been emplaced across crys

talloblastic foliation in gneiss. 

Both rock units have been variably overprinted by middle Tertiary 

mylonitization. Mylonitic foliation commonly dips 30 0 SW and discordantly 
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crosscuts older crystalloblastic foliation. In some localities, crys

talloblastic foliation has been rotated into parallelism with mylonitic 

foliation. Mylonitic fabric is concentrated in discrete zones that are 

usually 1-20 m thick. The zones are relatively thin and widely spaced 

along the western half of the ridges but become thicker and more abun

dant to the east. They are most pervasive in a broad zone 1-2 km west 

of Telegraph Pass. Estrella Gneiss east of and below the broad zone has 

retained its steep crystalloblastic foliation. Middle Tertiary dikes 

have intruded across crystalloblastic foliation but are commonly 

mylonitic. 

Telegraph Pass and Vicinity 

In the center of the range, Telegraph Pass Granite has been em

placed between Estrella Gneiss to the west and South Mountains Granodio

rite to the east (Figures 8-11). The intrusive contact between granite 

and gneiss strikes north-northwest and is mostly steep in structurally 

low exposures. At higher levels, the contact dips moderately west be

neath the gneiss. Mylonitization has not significantly affected the 

contact because most exposures are structurally below the main mylonitic 

zone. Only in structurally highest levels does the granite possess my

lonitic fabric. 

To the east, Telegraph Pass Granite both grades into and has in

truded South Mountains Granodiorite. The contact trends north-northwest 

through Telegraph Pass and then extends northward along a highly irregu

lar trace. In structurally low exposures, such as near the pass, the 

contact dips steeply west with granite overlying granodiorite. However, 
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Figure 10. Photograph of Telegraph Pass and Mount Suppoa, looking 
north. -- Communication towers are built upon Dobbins Alas
kite and mylonitic gneiss and schist that overlie cliff
forming South Mountains Granodiorite. Tan-colored outcrops 
left of the pass are composed of Telegraph Pass Granite. 
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Figure 11. Photograph of Telegraph Pass, looking southwest. -- Light
colored Telegraph Pass Granite is in intrusive contact with 
dark-colored Estrella Gneiss. The gneiss has a well
developed mylonitic foliation that dips gently to the south 
(left in the photograph). 
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the contact gradually decreases in dip toward structurally higher expo

sures to the north. In northernmost outcrops, granite overlies grano

diorite along a contact that dips very gently to the west (Figure 12). 

In structurally low exposures, the contact is sharp with granite 

clearly intruding granodiorite. In such cases, granite contains numer

ous granodioritic inclusions, and granitic apophyses extend into grano

diorite. At higher structural levels, the contact is gradational and 

dips more gently. 

Entrance Ridge 

Along Entrance Ridge, Telegraph Pass Granite and South Mountains 

Granodiorite have extensively intruded overlying Estrella Gneiss (Figures 

8 and 12). In many exposures, the contact dips gently north beneath the 

gneiss. Elsewhere, granite and granodiorite have been emplaced parallel 

to steep, crystalloblastic foliation in gneiss. Such layer-parallel in

jections are so common on one hill that gneiss is preserved in steep, 

northeast-trending screens less than five meters thick. Numerous gneiss

ic inclusions occur in granite and granodiorite throughout the area. 

The originally intrusive contact has been locally overprinted by 

Tertiary mylonitization. Mylonitic foliation in gneiss, granodiorite, 

and granite usually dips gently to the north, parallel to the contact. 

Granodiorite and granite have discordantly intruded some mylonitic fabric 

in the gneiss, and both plutons contain inclusions of mylonitized 

gneiss. 
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Mount Suppoa and Dobbins Lookout 

Mount Suppoa and Dobbins Lookout have similar geologic settings 

(Figures 8, 9, 12). In both areas, Dobbins Alaskite and undifferentiated 

mylonitic gneiss and schist overlie South Mountains Granodiorite along a 

subhorizontal contact. The granodiorite is strongly mylonitic along the 

contact but becomes progressively less mylonitic down-section until it 

is undeformed. It has been extensively injected by alaskite sills near 

its upper contact. 

On Dobbins Lookout, alaskite occurs as gently dipping sills that 

are interlayered with mylonitic South Mountains Granodiorite and undif

ferentiated mylonitic gneiss and schist. The sills have a strong mylon

itic fabric parallel to their margins. 

On the north flank of Mount Suppoa, Dobbins Alaskite overlies 

and has intruded South Mountains Granodiorite along a low-angle contact. 

On the south flank, a mappable lens of mylonitic gneiss and schist oc

curs between the alaskite and underlying granodiorite. The mylonitic 

rocks consist of finely interlayered and strongly mylonitic Estrella 

Gneiss, South Mountains Granodiorite, Telegraph Pass Granite, and Dobbins 

Alaskite. Alaskitic sills are particularly common directly below the 

main body of alaskite. 

Central Southern Foothills 

The roof of the composite middle Tertiary pluton is nowhere bet

ter exposed than in the central Southern Foothills where Estrella Gneiss 

has been intruded by both South Mountains Granodiorite and Telegraph Pass 

Granite (Figures 13 and 14). The largest exposure of gneiss overlies 
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granodiorite along a subhorizontal contact. Numerous apophyses of 

granodiorite extend into the overlying gneiss and have engulfed large 

inclusions of gneiss. Quartz diorite, diorite, and other border phases 

of the granodiorite are common directly below the gneiss. The main 

granodiorite-gneiss contact has strongly localized Tertiary mylonitiza

tion. Granodiorite usually has a strong mylonitic fabric along the con

tact but becomes progressively less mylonitic downward. Estrella Gneiss 

is most mylonitic near its base. Mylonitic foliations in both rock u~its 

dip gently and are largely concordant with the contact. 

Further south, a tabular sheet of Telegraph Pass Granite has 

been emplaced between the granodiorite and overlying gneiss. Upper and 

lower contacts of the granite dip moderately southwest in their western

most exposures. To the east, they systematically decrease in dip to less 

than 20° to the south. Mylonitic fabrics occur locally in all three rock 

units. 

Boundary Hills 

In the Boundary Hills, Telegraph Pass Granite and Dobbins A1as

kite have complexly intruded Estrella Gneiss (Figures 13 and 14). The 

granite occurs in a north-northwest-trending, dike-like body that is ap

proximately 400 m wide. Dobbins Alaskite is present as a border phase 

of granite and as dikes, sills, and irregularly shaped intrusions within 

Estrella Gneiss. Mylonitic fabric is common in a1askite and its gneissic 

country rocks but less common in granite. It is especially well devel

oped within a1askite sills and in Estrella Gneiss adjacent to such sills. 

The gneiss has mostly retained its Precambrian crysta1loblastic 
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foliation away from the alaskite. North-northwest-striking fractures 

are abundant in many outcrops of alaskite and granite. 

Pima Ridge 

Along Pima Ridge, Telegraph Pass Granite overlies Estrella 

Gneiss along an intrusive contact that dips gently north (Figures 15 and 

16). Below the contact, gneiss has been injected by north-dipping sills 

of Dobbins Alaskite that contain a mylonitic fabric parallel to their 

margins. Mylonitic fabric in granite has more varied orientations due 

to subsequent brecciation. Mylonitic fabric in Estrella Gneiss is best 

developed adjacent to the sills and granite. Mylonitic foliation in 

gneiss dips gently or moderately to the north or northwest. It is usu-

ally concordant to the sills but discordant to pre-existing crystallo-

blastic foliation. 

Ahwatukee Ridge and Eastern 
End of Main Ridge 

Along the eastern end of the range, chloritic breccia and micro-

breccia have been formed by extreme fracturing, brecciation, and fau1t-

ing of pre-existing rock units (Figures 15 and 16). In most exposures, 

chloritic breccia is a gently dipping, tabular mass that overlies and 

has been derived from mylonitic South Mountains Granodiorite (Figure 17). 

There is a complete gradation downward from ch10ritic breccia to unbrec-

ciated granodiorite. Within the gradational zone, mylonitic foliation 

in granodiorite has been brecciated and rotated into a southwest-dipping 

attitude. 
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Figure 17. Photograph of Main Ridge near Two Peaks, looking southwest. 
-- All outcrops in this picture are composed of mylonitic 
South Mountains Granodiorite except Two Peaks, which con
sist of chloritic breccia derived from the underlying 
granodiorite. 
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In several exposures, chloritic breccia is capped by a thin 

ledge of microbreccia that usually lacks meso scopic fractures. On 

Ahwatukee Ridge, the microbreccia is overlain by a major, low-angle de

tachment fault. The upper plate of the fault contains brecciated and 

faulted Estrella Gneiss and several middle Tertiary dikes. Mylonitic 

foliation in the gneiss dips gently to the southwest. 



PRECAMBRIAN ROCKS 

The western half of the South Mountains is underlain by a com

plex terrane of Precambrian metamorphic and granitic rocks. For the 

purposes of this study, the Precambrian terrane has been separated into 

two map units. The older and more widely distributed unit is Estrella 

Gneiss. The second unit, Komatke Granite, has intruded the gneiss along 

the western ends of Main and Alta Ridges. Both rock types typically 

display a steep, crystalloblastic foliation. 

Estrella Gneiss 

Estrella Gneiss is here named for excellent exposures of high

grade gneiss that compose much of the Sierra Estrella, a rugged mountain 

range that lies southwest of the South Mountains (Figures I and 2). In 

the Sierra Estrella, the type locality, the most abundant lithologies 

are quartzofeldspathic gneiss, biotitic gneiss and schist, amphibolite, 

granitic gneiss, migmatite, and biotite-muscovite schist. Foliation 

generally strikes northeast and dips at moderate to steep angles. 

Estrella Gneiss is also widely exposed in the South Mountains. 

It comprises most of Alta Ridge, North Ridge, and the western half of 

Main Ridge (Figures 6 and 7). Additional exposures occur in many parts 

of the Southern Foothills. 

General Characteristics and Lithology 

Estrella Gneiss generally forms serrated ridges composed of dark

colored, jagged outcrops. The dark color is due to desert varnish and 
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an abundance of dark minerals. In areas where the gneiss is deeply 

weathered, it forms small, rounded hills. 
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Estrella Gneiss consists of various inter layered metamorphic 

lithologies (Figure 18). Individual compositional layers range in thick

ness from fractions of a centimeter to over several meters. Rock types 

include quartzofeldspathic gneiss, biotitic gneiss, amphibolite, granitic 

gneiss, migmatite, mica schist, and rare quartz-rich rocks. 

Quartzofeldspathic gneiss is one of the most abundant litholo

gies in Estrella Gneiss. It is primarily composed of feldspar and quartz 

with lesser amounts of biotite, hornblende, muscovite, and opaque oxides. 

It is compositionally banded with the most obvious color change being 

due to variations in biotite content. Leucocratic bands have composi

tions approximating those of granite or granodiorite. Feldspar and 

quartz in such bands are medium grained and crystalloblastic. 

Biotitic gneiss is another common rock type. Biotite content 

ranges from 20 to 50%, with most biotite crystals oriented parallel to 

foliation. Quartz, plagioclase, and potassium feldspar comprise the re

mainder of the rock. 

Amphibolite is widely distributed throughout Estrella Gneiss. 

These rocks are composed of varying percentages of amphibole, plagio

clase, biotite, and quartz. In addition, diopside, epidote, and magne

tite are locally abundant. Avedisian (1966) reported that hypersthene 

occurs as inclusions that have been partially altered to hornblende; the 

present study did not verify the presence of hypersthene. Compositional 

banding and foliation are less pronounced in amphibolite than in quartzo

feldspathic gneiss. 
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Figure 18. Photograph of Precambrian Estrella Gneiss below the zone of 
intense mylonitization. -- The original, steep, crystallo
blastic foliation in this area has not been modified by 
Tertiary mylonitization. 
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Granitic gneiss and gneissic granite are also present in many 

exposures. These rocks are primarily composed of feldspar, quartz, and 

lesser amounts of biotite. They have a constant lithology over entire 

outcrops and are not compositionally banded on a large scale. Some ex

posures are simply foliated granite or granodiorite, whereas others re

semble classic augen gneiss. Some gneissic granite is similar to, and 

probably correlative with, Komatke Granite. 

Rocks best described as migmatite are abundant within most out

crops of Estrella Gneiss. They consist of a variety of interlayered 

metamorphic and granitoid rocks. Migmatitic rocks contain a high pro

portion of quartzofeldspathic gneiss, biotitic gneiss, and granitic 

gneiss. Granitoid pods and lenses have locally pervaded the metamorphic 

units to such an extent that the metamorphic rocks attain a granitic ap

pearance. In some places, the granitic pods are very coarse grained and 

pegmatitic. The granitoid rocks contain feldspar, quartz, and minor 

biotite or muscovite. Alaskitic rocks with a similar mineralogy form 

discrete outcrops up to ten meters in diameter. Muscovite in the alas

kitic rocks commonly forms books up to several centimeters in diameter. 

Graphic textures are displayed by some alaskitic pegmatites. 

Mica schists are locally abundant within the gneiss. They are 

composed of biotite and muscovite in association with variable amounts 

of feldspar and quartz. Sillimanite, cordierite, and pink garnet are 

also present in some outcrops (Avedisian, 1966). Most mica schist occurs 

as thin, lenticular units inter layered with quartzofeldspathic gneiss 

and biotitic gneiss. However, in some areas of the Southern Foothills, 
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muscovite-feldspar-quartz schist is associated with foliated mafic rocks 

that are composed almost entirely of amphibole. 

Quartzites and exceptionally quartz-rich gneisses are present 

but are not common. They occur within quartzofeldspathic gneiss and 

mica schist in the Southern Foothills and Alta Ridge. The interlayered 

gneisses and schists exhibit pronounced compositional banding on a very 

fine scale. 

Diabasic rocks occur within several areas of gneiss. These rocks 

are commonly less foliated than the adjacent gneiss and evidently repre

sent intrusions emplaced after the main Precambrian deformation. In a 

few other areas, diabasic rocks appear to share the same foliation as 

the gneisses. 

Estrella Gneiss contains a well-developed, crystalloblastic foli

ation that is defined by compositional layering and by alignment of bio

tite, muscovite, and hornblende. In hand specimen, quartz and feldspar 

do not display an obvious preferred orientation. Lineation defined by 

aligned hornblende crystals is locally developed, as are folds and other 

small-scale structures. 

In many exposures, the gneiss has been overprinted by Tertiary 

mylonitization, especially adjacent to middle Tertiary intrusions. Ter

tiary mylonitic fabric discordantly cuts and is readily distinguished 

from the older crystalloblastic foliation. 

Interpreted Protoliths 

Estrella Gneiss was formed by metamorphism of a wide variety of 

protoliths. A metasedimentary protolith is indicated for some 
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quartzofeldspathic gneiss, biotitic gneiss, mica schist, and quartzite. 

This is especially true for rocks that display small-scale compositional 

banding. Other lithologies in the Estrella Gneiss were derived from 

metaplutonic or metavolcanic rocks. For example, some amphibolites must 

have been formed from mafic igneous rocks such as basalt or gabbro, par

ticularly those amphibolites that are composed almost entirely of horn

blende. Quartz-feldspar-muscovite schists that are inter layered with 

the hornblende-rich rocks are possibly metarhyolites. In contrast, most 

gneissic granite and granitic gneiss are metamorphosed and deformed plu

tonic rocks that were intruded into other lithologies. Some granitic 

lenses and pods represent material that was remobilized during ultra

metamorphism, possibly by minor amounts of partial melting or by meta

somatism. Diabasic rocks in Estrella Gneiss were, in part, intruded 

into the gneiss after the main phase of metamorphism and deformation. 

These may be equivalent to diabasic rocks in central and southern 

Arizona that are approximately 1.1-1.2 b.y. old. 

Komatke Granite 

Komatke Granite crops out primarily along the southwest ends of 

Alta Ridge and Main Ridge. Additional exposures occur in the Southern 

Foothills but are too small to map separately from surrounding Estrella 

Gneiss. The granite is named after the village of Komatke that lies sev

eral kilometers southwest of excellent exposures of the granite. The 

type locality of the granite is at the water tank on the southwest end 

of Main Ridge in Section 33, T. 1 S., R. 2 E. 



41 

Komatke Granite is exposed on low ridges that are similar to 

those formed by Estrella Gneiss. The granite commonly forms small, jag

ged outcrops that are surrounded by grus-covered slopes. Most outcrops 

are stained brown by a variably developed coating of desert varnish. 

Fresh surfaces of granite are gray with a slight pinkish tint due to the 

abundance of potassium feldspar. The granite produces a lighter colored 

soil than the adjacent Estrella Gneiss. 

Komatke Granite is generally coarse-grained and porphyritic 

(Figure 19). Phenocrysts of potassium feldspar are as large as 4 cm in 

length and comprise approximately 20-40% of the rock. Quartz and pla

gioclase each constitute 20-35%, whereas biotite content varies between 

10 and 15%. Hornblende occurs in some exposures, especially those that 

contain abundant inclusions of Estrella Gneiss. 

In several exposures, the granite has discordantly intruded 

steep, crystalloblastic foliation in Estrella Gneiss. However, the gran

ite itself is foliated in most areas. It grades from undeformed granite 

to an augen gneiss that contains lenticular potassium-feldspar prophyro

clasts embedded in a fine-grained, foliated matrix. Foliation in the 

granite is roughly concordant with that in adjacent Estrella Gneiss. 

Lineation is not well developed, except locally. 

Alaskitic and aplitic phases are commonly associated with the 

granite, especially near its intrusive contacts with Estrella Gneiss. 

The alaskitic rocks are composed almost entirely of feldspar and quartz, 

and locally display a graphic texture. Like the granite, some alaskites 

have intruded discordantly across the steep foliation in the gneiss, yet 

are themselves foliated. 



Figure 19. Photograph of strongly deformed Komatke Granite in the 
Southern Foothills. 
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MIDDLE TERTIARY ROCKS 

A composite middle Tertiary pluton occupies nearly all of the 

eastern half of the range. The pluton consists of three closely related 

phases: South Mountains Granodiorite, Telegraph Pass Granite, and Dob

bins Alaskite. South Mountains Granodiorite is the oldest and most 

widely exposed phase. It comprises most of the eastern half of Main 

Ridge and much of the Southern Foothills. To the west and south, the 

granodiorite variably grades into or is intrud,~d by Telegraph Pass 

Granite. The third phase of the plutou, Dobb Lus Alc:lski.te, occurs along 

border zones of the granite. The youngest lI1Ctni~estaltion of middle Ter

tiary plutonism was the emplacement of nULlcrOUE, north-northwest

trending dikes and sills. 

Intense middle Tertiary deformation accompanied and succeeded 

the plutonism. Middle Tertiary mylonitization has locally affected all 

three phases of the composite pluton, as well as many dikes and sills. 

Mylonitic gneiss and schist were formed by pervasive mylonitization of 

both Precambrian and Tertiary rocks. Mylonitization was followed by an 

episode of fracturing, brecciation, and hydrothermal alteration that 

produced a mappable unit of chloritic breccia on the east end of the 

range. The chloritic breccia was formed largely at the expense of South 

Mountains Granodiorite. 

South Mountains Granodiorite 

The name South Mountains Granodiorite is proposed for granodio

rite that comprises most of the eastern South Mountains (Figures 6 and 
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7). The type locality is along Summit Road, approximately 500 m north

east of Telegraph Pass. Accessible reference localities are as follows: 

1) on the east flank of Dobbins Lookout, 50 m below the top; 

2) blasted roadcuts in the center of the SW~, Section 16, T. 1 S., 

R. 3 E.; and 

3) blasted cuts along the first 100 m of Hidden Valley Trail, SE~, 

NW~, Section 15, T. 1 S., R. 3 E. 

The granodiorite has a variably developed mylonitic fabric in most 

exposures. 

Field Relations 

The largest exposures of South Mountains Granodiorite occur on 

the eastern half of Main Ridge and in the Southern Foothills. Along its 

western contact, the granodiorite both grades into and has been intruded 

by Telegraph Pass Granite. The contact strikes north-northwest and is 

steep near Telegraph Pass but gradually decreases in dip north of the 

pass. In a similar manner, the contact progressively decreases in dip 

as it is followed southeast into the Southern Foothills. Along the east 

end of Main and Ahwatukee Ridges, South Mountains Granodiorite grades 

upward into chloritic breccia. 

The original roof of the granodioritic pluton is exposed near 

Mount Suppoa and in the central Southern Foothills. In both areas, 

granodiorite has intruded overlying Estrella Gneiss along a subhorizontal 

contact. The granodiorite is strongly mylonitic along the contacts but 

becomes less mylonitic downward. A less mylonitized intrusive contact 



between granodiorite and Estrella Gneiss occurs on the east end of En

trance Ridge. 

General Characteristics 
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Physical appearances and weathering characteristics of granodi

orite depend greatly on its structural condition. Where undeformed, it 

forms bold, spheroidally weathered outcrops. However, in most of the 

range, the granodiorite possesses a gently dipping mylonitic foliation. 

In these areas, it forms outcrops that have rounded tops but jagged and 

serrated edges. Fresh surfaces of granodiorite are gray, but most out

crops are stained tan or brown by desert varnish. Fresh and stained 

surfaces commonly occur together, yielding a mottled appearance when 

viewed from a distance. Ornate petroglyphs decorate some of the more 

planar, stained surfaces, especially those near ephemeral springs. The 

petroglyphs include sun signs, man and animal representations, coils, 

and complex geometric patterns. 

The granodiorite has a more subdued physiographic expression 

northeast of Two Peaks. Here, the granodiorite has been extensively 

brecciated, jointed, faulted, and chloritized. As a result, it forms 

small hills that are largely covered by soil and grus. 

Lithology of Nonmylonitic Granodiorite 

Nonmylonitic South Mountains Granodiorite is medium to light 

gray on fresh surfaces (Figure 20). It is medium-grained, with most 

crystals ranging between 0.5 and 4 mm in diameter. Nonmylonitic grano

diorite is equigranular to slightly porphyritic and displays a 

hypidiomorphic-granular texture. 
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Figure 20. Photograph of inclusion-rich South Mountains Granodiorite 
along the north edge of Main Ridge. -- Note abundant small 
phenocrysts of plagioclase. 
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The granodiorite has a fairly uniform mineralogy consisting of 

35-45% plagioclase, 15-25% potassium feldspar, 25-35% quartz, and ap-

proximately 5% biotite (Figure 21). These modal abundances plot in the 

granodiorite field of Streckeisen (1976) very close to the granodiorite-

granite boundary. Accessory minerals include magnetite, apatite, zircon, 

and sphene. 

Plagioclase is the most abundant mineral, forming 35-45% of the 

rock. Most plagioclase occurs as subhedral crystals that are approxi-

mately the same size as other minerals in the rock. However, some pla-

gioclase is present as phenocrysts that are between 5 and 10 mm long. 

The phenocrysts are sparsely distributed throughout a finer grained ma-

trix and nowhere constitute more than a small percentage of the rock. 

Many plagioclase crystals display well-developed twinning and delicate, 

concentric zoning. Some crystals are partially replaced by clay miner-

als and sericite, particularly where the granodiorite is hydrothermally 

altered or deeply weathered. 

The granodiorite contains between 15 and 25% potassium feldspar. 

Most potassium feldspar crystals are from 1 to 2 mm in diameter, although 

phenocrysts up to 10 mm in length are locally present near the roof of 

the pluton. Potassium feldspar crystals are generally twinned and some-

what perthitic. Most are subhedral and interstitial to plagioclase, but 

some anhedral crystals are also present. Some crystals of potassium 

feldspar have been partially altered to sericite. 

Quartz comprises slightly less than one-third of the rock. It 

occurs as individual crystals approximately 1 mm in diameter and as 
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Figure 21. Photomicrograph of undeformed South Mountains Granodiorite 
under crossed nicols. -- Photograph represents an area of 
approximately 1 sq cm and was taken with a macro lens and 
bellows system. 



irregularly shaped, interlocking aggregates up to 4 mm in diameter. 

Most quartz crystals display undulatory extinction and have sutured 

boundaries. 
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Biotite is ubiquitous and constitutes approximately 5% of the 

rock. It occurs both as anhedral, interstitial patches and as subhedral 

to euhedral books up to I mm thick and 5 mm in diameter. Biotite is gen

erally unaltered in undeformed rocks but is pervasively chloritized in 

highly jointed and brecciated rocks on the northeast end of the range. 

Accessory minerals include magnetite, apatite, zircon, and 

sphene. Magnetite is mainly interstitial, subhedral, and partly altered 

to hematite. Apatite crystals separated from the rock during geochrono

logic sample preparation are subhedral and vary from colorless to green

ish yellow. Zircons separated from the granodiorite are euhedral, 

transparent, and colorless. Sphene varies from well-formed crystals to 

irregularly shaped masses. Small amounts of secondary calcite are pres

ent in some thin sections. 

Lithology of Mylonitic Granodiorite 

A variably developed mylonitic fabric is present in most expo

sures of granodiorite (Figures 22 and 23). The fabric is subtle in some 

areas but well developed in others. Mylonitic granodiorite grades down

ward into undeformed granodiorite in many exposures. Mylonitic fabric 

is expressed both as foliation and lineation. 

Mylonitic foliation is defined by flattened quartz aggregates, 

oriented mica flakes, and thin bands of intensely granulated, recrystal

lized, and ductilely deformed rock. The intensity of mylonitization has 



Figure 22. Photograph of mylonitic foliation in South Mountains 
Granodiorite and enclosed quartz vein and aplite dike. 
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Figure 23. Photomicrograph of mylon~tic South Mountains Granodiorite 
under crossed nicols. -- Note lenticular quartz aggregates 
and brittlely deformed feldspars. Photograph represents an 
area of approximately 1 sq cm. 
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not been uniform, even within a single outcrop or thin section. Varia

tions in the deg~ee of mylonitization have produced an interlayering of 

highly deformed, fine-grained rock and less deformed, coarser grained 

rock. Margins of aplite dikes and quartz veins were especially suscep

tible to intense strain. As a result, the granodiorite is strongly fo

liated and anomalously fine grained adjacent to aplites and veins. 

Lineation is defined by elongated and flattened aggregates of 

quartz and other minerals and by discontinuous streaks and trains of 

biotite and broken feldspar. Deformed inclusions in the granodiorite 

have prolate shapes with their long axes aligned parallel to lineation. 

Mylonitization has modified the overall appearance of the grano

diorite but has not obliterated its original lithology. Mylonitic gran

odiorite is slightly darker in color than undeformed granodiorite due to 

smearing out and streaking of biotite and to a general reduction in 

grain size. Strongly mylonitic granodiorite contains a relatively high 

abundance of quartz veins and irregularly shaped quartz segregations. 

Most quartz veins are less than 5 cm thick, although some are as thick 

as several meters. The veins are commonly subparallel to foliation and 

are themselves 1ineated and foliated (Figure 22). Some have been seg

mented and drawn out into isolated lenses and boudins. 

The microscopic appearance of mylonitic granodiorite differs sig

nificantly from that of undeformed granodiorite (compare Figures 21 and 

23). Quartz commonly occurs in thin section as lenticular or amoeboid 

aggregates that comprise between 10 and 15% of the rock. The aggregates 

are composed of small quartz crystals that have varying crystallographic 
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orientations. Some of the small individual crystals display undulatory 

extinction and most have sutured boundaries. The enclosing quartz ag

gregates are approximately the same size as single quartz crystals in 

undeformed granodiorite. The aggregates are probably the recrystal

lized and highly distorted equivalents of original quartz crystals in 

undeformed granodiorite. Most aggregates are draped over brittlely de

formed porphyroclasts of plagioclase and potassium feldspar. They lo

cally bifurcate laterally towards their margins and interfinger with 

adjacent rock in a fashion reminiscent of fiamme or flame structures in 

welded ash-flow tuffs. Some quartz is present as single, brittle1y de

formed crystals that occur between two large crystals of plagioclase or 

potassium feldspar. In addition, ribbon quartz is variably present. 

Together, the quartz aggregates, single quartz crystals, and 

ribbon quartz comprise 15-20% of the mylonitic granodiorite. In con

trast, quartz constitutes 25-35% of the undeformed granodiorite. The 

remainder of the quartz in mylonitic granodiorite resides in the fine

grained matrix. The matrix comprises almost half of the mylonitic grano

diorite and contains a high percentage of finely crystalline quartz. 

Small quartz crystals in the matrix are similar to quartz crystals that 

comprise the larger aggregates. 

Plagioclase in mylonitic granodiorite occurs as broken and granu

lated porphyroc1asts embedded in a finer grained matrix of quartz, feld

spar, and biotite. Some plagioclase porphyryclasts are over 5 mm in 

length, but most exist as smaller crystal fragments separated from one 

another by fine-grained matrix or by microscopic fractures and faults. 

Many porphyroclasts display rounded corners, brecciated concentric zoning, 
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and bent twin lamellae. Some individual crystals have been pulled apart 

in the direction of lineation, leaving voids and fissures that were 

filled with quartz, biotite, and other constituents of the fine-grained 

matrix. The fissure fillings were not formed by the replacement of pla

gioclase; instead, they represent either matrix material that was phys

ically forced into the opening voids or crystals that were precipitated 

by fluids circulating within the voids. 

Plagioclase porphyryclasts comprise approximately 20-30% of the 

mylonitic granodiorite. In contrast, undeformed granodiorite contains 

35-45% plagioclase. Therefore, the large porphyryclasts do not repre

sent all of the plagioclase that was originally present in the granodio

rite prior to mylonitization. Nearly one-fourth of the original plagio

clase must have been incorporated into the fine-grained matrix through 

extreme comminution, recrystallization, or dissolution and reprecipita

tion. The remaining three-fourths of the original plagioclase is pre

served as the porphyroclasts; this plagioclase was relatively inert to 

physical, chemical, and mineralogical changes during mylonitization. An 

exception to this inert behavior is provided by the replacement of plagi

oclase by epidote. 

Mylonitic granodiorite contains approximately 10% potassium

feldspar porphyroclasts. In comparison, undeformed granodiorite contains 

15-25% potassium feldspar. Most porphyroclasts range in length from 0.5-

5 mm and are extensively broken, granulated, and physically pulled apart. 

Many of the porphyroclasts have rounded corners and lenticular or augen

like shapes. Relict carlsbad twins are preserved in many of the larger 

porphyroclasts. Approximately one-third of the potassium feldspar in 
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mylonitic granodiorite occurs as fine-grained crystals and crystal frag

ments within the matrix. 

Biotite has accommodated mylonitization by brittle deformation 

and recrystallization. Some biotite grains have been pulverized, flat

tened, and drawn out in the direction of lineation. Others occur as 

fissure fillings with quartz and as constituents of the fine-grained ma

trix. A variable amount of biotite has been replaced by muscovite and 

fine-grained sericite. The percentage of biotite replaced is related to 

the intensity of mylonitization. For example, muscovite is abundant in 

extremely mylonitic granodiorite but is essentially absent in the unde

formed equivalent. 

Related Rock Types 

Several distinctive lithologies are related to the granodiorite. 

Mafic granodiorite, quartz diorite, and fine-grained granodiorite occur 

as border phases of the main granodiorite. These phases have been ob

served on Mount Suppoa, in the central Southern Foothills, and on the 

north edge of Main Ridge one kilometer east of Entrance Ridge. All three 

areas represent intrusive contacts between granodiorite and Estrella 

Gneiss. 

The mafic granodiorite and quartz diorite are notably darker than 

typical granodiorite due to their increased content of biotite and de

creased content of quartz and potassium feldspar. Unlike the granodio

rite, they contain visible hornblende and sphene in outcrop. Boundaries 

between these rocks and the granodiorite are usually gradational over 



several centimeters. Inconsistent crosscutting relationships between 

the different rock types are the norm, not the exception. 
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The granodiorite is associated with a different type of border 

phase along its contact with Telegraph Pass Granite. Rocks transitional 

in lithology between granodiorite and granite occur where the contact is 

gradational. Near the contact, the granodiorite contains less biotite 

and fewer plagioclase phenocrysts than normal. 

Another lithology related to the granodiorite is aplite. Aplite 

generally occurs in dikes that are several centimeters thick and spaced 

more than 50 cm apart. Aplite dikes are most common near the roof and 

margins of the granodiorite. Fresh surfaces of aplite are light-colored 

shades of white, gray, beige, and pink. Weathered surfaces are tan or 

light brown, especially where coated with desert varnish. The aplites 

are mostly fine-grained and xenomorphic-equigranular (aplitic), although 

they also locally contain isolated areas that are medium grained and 

hypidiomorphic granular. Quartz and alkali feldspar comprise most of 

the rock, with plagioclase content varying from 3 to 25%. 

South Mountains Granodiorite locally contains abundant inclusions 

of igneous and metamorphic rocks. Igneous inclusions within granodiorite 

are biotite-rich and largely composed of mafic granodiorite, tonalite, 

and quartz diorite. They are angular but equant and are generally be

tween 5 and 25 cm in diameter. In mylonitic granodiorite, the inclusions 

are elongated parallel to lineation and flattened perpendicular to foli

ation. Some deformed inclusions are over 1 m long. 

Inclusions of metamorphic rocks are most common where the grano

diorite has directly intruded Precambrian Estrella Gneiss, such as along 
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Entrance Ridge and in the Southern Foothills. In these areas, the gran

odiorite contains numerous, irregularly shaped inclusions of quartzo

feldspathic gneiss and amphibolite. 

Telegraph Pass Granite 

The name Telegraph Pass Granite is proposed for light-colored 

granite that occurs in and around Telegraph Pass. The type locality is 

along Summit Road approximately 300 m north-northwest of Telegraph Pass. 

Accessible reference localities are as follows: 

1) blasted cuts along Summit Road in the NW~, Section 20, T. 1 S., 

R. 3 E.; and 

2) numerous outcrops in the center of Section 17, T. 1 S., R. 3 E. 

The granite contains a mylonitic fabric in nearly half of all exposures. 

Field Relations 

Telegraph Pass Granite generally intervenes between Estrella 

Gneiss and South Mountains Granodiorite. West of Telegraph Pass, the 

granite has intruded Estrella Gneiss along a contact that strikes north

northwest and dips steeply or moderately to the west (Figures 10 and 11). 

On Entrance Ridge, the contact dips gently to the north beneath the 

gneiss and has been locally modified by Tertiary mylonitization. Numer

ous apophyses of granite extent upward into the overlying gneiss. 

North and east of Telegraph Pass, granite both grades into and 

has intruded South Mountains Granodiorite. Granite commonly overlies 

granodiorite along a contact that dips west at steep to gentle angles. 

The granite-granodiorite contact nearly projects into Mount Suppoa, where 



alaskite and associated fine-grained alaskitic granite overlie South 

Mountains Granodiorite. 
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In the central Southern Foothills, Telegraph Pass Granite occurs 

as a south-dipping tabular body that overlies South Mountains Granodio

rite and underlies Estrella Gneiss. The upper and lower contacts of the 

granite progressively decrease in dip from west to east along strike. 

The granite extends eastward into the embayment between Pima and Ahwatu

kee Ridges, where it appears to be a gently dipping sill that overlies 

granodiorite to the north and Estrella Gneiss to the south. In the near

by Boundary Hills, the granite is a steep-sided dike-like body that 

trends north-northwest. It is flanked by an extensively developed border 

phase of Dobbins Alaskite. 

General Characteristics 

Physicai appearance and weathering characteristics of the granite 

depend on whether or not it is deformed. The granite forms bold, spher

oidal outcrops where it is undeformed but has a more sheeted aspect where 

mylonitic. It is easily eroded and forms a light-colored grus where hy

drothermally altered, such as near Telegraph Pass. Preferential erosion 

of altered granite probably formed the topographic embayment south of 

Entrance Ridge. 

Telegraph Pass Granite is light gray on fresh surfaces but is 

tan or light brown on weathered surfaces. Fresh and weathered surfaces 

commonly occur together, producing a mottled appearance. Overall, the 

granite is lighter colored than South Mountains Granodiorite on both 

fresh and weathered faces. The color difference between the two is most 



obvious where the granite is altered, but it can be very subtle where 

unaltered granite and granodiorite are directly in contact. Varnished 

surfaces of granite contain few petrog1yphs; they evidently were unac

ceptable recipients of Indian artistry. 

Lithology 
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The light color of Telegraph Pass Granite is due to a deficiency 

of mafic minerals (Figure 24). The granite is medium grained and mostly 

composed of crystals between 0.5 and 5 mm in diameter. It has a 

hypidiomorphic-equigranu1ar texture where undeformed but is commonly 

mylonitic. 

The granite contains 30-40% quartz, 30-40% plagioclase, 20-30% 

potassium feldspar, and 2-3% biotite (see also Avedisian, 1966). These 

modal abundances plot within the granite field of Streckeisen (1976) but 

very near the granite-granodiorite boundary. Mineralogy of the granite 

is only slightly different from that of South Mountains Granodiorite. 

Compared to granodiorite, granite contains more quartz and potassium 

feldspar but less plagioclase and biotite. It also contains small 

amounts of sericite, fine-grained muscovite, magnetite, apatite, and 

zircon. Limonite and pyrite are present along some altered and miner

alized fractures. 

Plagioclase comprises 30-40% of the rock. It occurs as euhedra1 

to subhedra1 crystals between 0.5 and 5 mm in length and does not form 

obvious phenocrysts, except locally. Plagioclase compositions determined 

by Avedisian (1966) range from An 10 to An 22 (oligoclase). Plagioclase 



Figure 24. Photograph of undeformed Telegraph Pass Granite near 
Telegraph Pass. 
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has been partially replaced by sericite and clays where the granite is 

altered. 
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Potassium feldspar constitutes 20-30% of the granite. It is 

generally present as subhedral to anhedral crystals up to 5 mm in diam

eter. A few crystals are as large as 10 mm, but these are not suffi

ciently abundant to impart a porphyritic appearance. Orthoclase is the 

most common potassium feldspar, although perthite and microcline are 

also abundant. Most potassium feldspar is fresh, but some is altered 

to sericite and fine-grained muscovite. 

The granite contains 30-40% quartz. Most quartz crystals are 

less than 2 mm in diameter, although some are as large as 5 mm. These 

latter, large crystals commonly weather into conspicuous quartz eyes 

which are useful for distinguishing granite from South Mountains Grano

diorite. Quartz in the granite usually is anhedral and interstitial to 

other minerals. It is present as single crystals, but interlocking ag

gregates are more common. Undulatory extinction is prevalent, even in 

relatively undeformed granite. Avedisian (1966) reported the presence 

of aligned, secondary fluid inclusions in some quartz crystals. 

Biotite content is generally between 2 and 3%. Most biotite 

crystals are subhedral and less than 2 mm in diameter. Biotite is local

ly altered to sericite and muscovite. In some thin sections, brown bio

tite is rimmed by green biotite (Avedisian, 1966). In parts of the 

Southern Foothills, the granite contains mica that is black in its core 

and white along its edges. These hybrid micas are associated with zones 

of hydrothermal alteration. 
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Sericite and fine-grained muscovite rarely comprise more than 

several percent of the rock. They occur as fine-grained platelets in 

plagioclase, especially along twin boundaries, and are most abundant 

where the granite is altered. Some larger muscovite crystals are up to 

one millimeter in diameter. Avedisian (1966) reported the presence of 

several generations of muscovite and suggested that the earliest gener

ation occurs as discrete crystals, whereas the younger generation occurs 

as stringers along fracture fillings. As pointed out previously, at 

least some of the large muscovite crystals formed by replacement of 

biotite. 

Accessory minerals in the granite include magnetite, apatite, and 

and zircon. Magnetite occurs as well-formed crystals and as irregularly 

shaped masses interstitial to other minerals. Apatite and zircon both 

form acicular crystals. Limonite is present along many fractures where 

it has formed by oxidation of pyrite. Blue-green copper minerals, such 

as chrysocolla and chalcanthite, occur as fracture coatings in a few lo

calities. They indicate that pyrite was accompanied by minor amounts of 

chalcopyrite. 

The granite commonly possesses a mylonitic fabric. The mylonitic 

fabric is subtle in many exposures but is exceptionally well developed 

in others. The gradation from undeformed to strongly mylonitic granite 

can be extremely abrupt, locally occurring within 10 m. Mylonitic fab

ric is manifested in a gently dipping foliation and a conspicuous, east

northeast-trending lineation. Mineralogic characteristics of mylonitic 

granite are similar to those described previously for South Mountains 

Granodiorite. 
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Related Rock Types 

Aplite dikes are common in many exposures of granite. They are 

generally several centimeters thick and are quasi-planar over a single 

outcrop. The ap1ites are light colored on fresh and weathered surfaces. 

Most are fine to medium grained and xenomorphic-equigranular. They are 

predominantly composed of quartz, alkali feldspar, and a variable pro

portion of plagioclase. In addition, biotite and muscovite are present 

in sparse amounts. Where the granitic host rock is mylonitic, the ap

lites are also deformed. 

Quartz veins are present in both undeformed and mylonitic gran

ite. In undeformed granite, the veins generally strike north-northwest 

and have steep dips. They are, for the most part, spatially associated 

with zones of hydrothermal alteration. In my1onitica1ly deformed gran

ite, the veins are oriented either parallel to the gently dipping foli

ation or perpendicular to lineation. They commonly have a mylonitic 

fabric, especially along their margins. 

The granite contains a variable amount of metamorphic and ig

neous inclusions. Inclusions of metamorphic rocks are most common near 

intrusive contacts with Precambrian Estrella Gneiss. For example, the 

granite contains a large, mappable inclusion of siliceous metasedimentary 

rock southeast of Entrance Ridge. Inclusions of granodiorite and other 

igneous rocks are abundant in this and several other areas, particularly 

those close to the granite-granodiorite contact. Where the granite is 

mylonitic, the inclusions are elongated parallel to lineation and flat

tened perpendicular to foliation. 
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Dobbins Alaskite 

The name Dobbins A1askite is proposed for an assemblage of a1as

kitic rocks that comprise Dobbins Lookout, Mount Suppoa, and parts of 

the Southern Foothills. The type locality is on the north flank of Dob

bins Lookout. Excellent reference localities occur on Mount Suppoa and 

in the Boundary Hills. Dobbins A1askite is interpreted to be a border 

phase of Telegraph Pass Granite. 

Field Relations 

At the type area, Dobbins A1askite overlies mylonitic South 

Mountains Granodiorite along a low-angle contact. The a1askite consists 

of a series of gently dipping sills that contain a strong mylonitic fab

ric parallel to their margins. Thin lenses of mylonitic granodiorite 

and biotite-rich mylonitic schist are interleaved with the sills. 

Exposures of Dobbins Alaskite at nearby Mount Suppoa have a si

milar geologic setting. On the north side of Mount Suppoa, a1askite 

overlies South Mountains Granodiorite along a subhorizonta1 intrusive 

contact. On the south side of the mountain, a mappable lens of mylon

itic gneiss and schist intervenes between the alaskite and granodiorite. 

Sills of a1askite are common in the mylonitic unit and in the underlying 

granodiorite. Most sills have a moderately developed mylonitic fabric. 

Dobbins A1askite is also exposed in several parts of the South

ern Foothills. In the Boundary Hills, a1askite occurs as a border phase 

of Telegraph Pass Granite and as dikes, sills, and irregularly shaped 

intrusions within Estrella Gneiss. On Pima Ridge, a1askite sills have 

injected Estrella Gneiss beneath a flat-lying mass of Telegraph Pass 



Granite. The alaskite is locally mylonitic in both areas, especially 

where it occurs as gently dipping sills. 

General Characteristics and Lithology 
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All lithologic phases of Dobbins Alaskite form distinctive white 

or cream-colored outcrops. Most alaskite is fairly resistant to erosion 

and occurs as steep-sided hills. Some mylonitically deformed alaskite 

sills form ledges that have a distinctly sheeted appearance. 

Dobbins Alaskite is white, light gray, or cream-colored due to 

a deficiency of dark minerals (Figure 25). It is composed of a number 

of ~elated lithologic phases that occur together in a single outcrop. 

Contacts between different phases can be either sharp or entirely gra

dational. Inconsistent crosscutting relationships suggest that all 

phases are essentially contemporaneous and comagmatic. 

All phases of alaskite are almost totally comprised of feldspar 

and quartz. Quartz constitutes from 30 to 40% with alkali feldspar and 

plagioclase being present in approximately equal amounts. In addition, 

several phases of alaskite contain minor amounts of biotite. Sericite 

and limonite are present where the alaskite has been hydrothermally 

altered. 

A common phase of Dobbins Alaskite is medium- to fine-grained, 

alaskitic granite that strongly resembles Telegraph Pass Granite, but is 

finer grained and biotite-poor. Alaskitic granite comprises most of the 

alaskite at Mount Suppoa and is also present, but less abundant, at 

Dobbins Lookout. In the Southern Foothills, it is a transitional phase 

between medium-grained Telegraph Pass Granite and aphanitic felsite. 
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Figure 25. Photograph of mylonitic Dobbins Alaskite near Mount 
Suppoa. -- The lenticular quartz segregations also contain 
a mylonitic fabric. 



67 

The a1askitic granite has an average crystal size of one to two milli

meters and is composed of equal proportions of quartz, plagioclase, and 

alkali feldspar. It usually contains quartz eyes that are similar to 

those characteristic of Telegraph Pass Granite. Biotite occurs in only 

trace amounts and has been extensively altered to sericite. 

Quartz porphyry is another common phase of Dobbins A1askite and 

occurs in almost every alaskite exposure. It consists of conspicuous 

quartz phenocrysts set in an aphanitic or finely crystalline matrix of 

feldspar and quartz. Phenocrysts as large as 5 mm in diameter usually 

comprise 5-10% of the rock. The porphyry also contains sparse feldspar 

phenocrysts and minor amounts of biotite. A light gray variety of the 

porphyry has slightly greater proportions of plagioclase and biotite 

phenocrysts. Except for its finer grain size, this rock strongly re

sembles South Mountains Granodiorite. 

Felsite is also a major component of a1askite. It is a white or 

cream-colored, aphanitic rock that lacks visible phenocrysts. The fels

ite commonly occurs as dikes and sills adjacent to Telegraph Pass Gran

ite. It also occurs as a fine-grained border phase along the granite

Estrella Gneiss contact in the Boundary Hills. 

Every phase of the a1askite possesses a mylonitic fabric in many, 

if not most, exposures. Mylonitic fabric consists of a gently dipping 

foliation and a pervasive, east-northeast-trending lineation. In some 

rocks, lineation is so strongly developed that it obscures the foliation. 

In most gently dipping sills, the foliation is subparallel to the boun

daries of the sills. In contrast, most a1askitic dikes contain a mylon

itic foliation that is markedly discordant to their steep boundaries. 
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Quartz segregations, in the form of irregular pods and lenses, are pres

ent in most exposures of mylonitic alaskite. Some quartz segregations 

are mylonitic, but others crosscut mylonitic fabric. Microscopic char

acteristics of deformed alaskite are similar to those described previ

ously for the granodiorite. 

Mylonitic Gneiss and Schist 

Extreme mylonitization has formed rocks that are best described 

as mylonitic gneiss and schist. These rocks are so strongly mylonitic 

that it is difficult to recognize their protolith. Rocks mapped as my

lonitic gneiss and schist occur at Mount Suppoa and Dobbins Lookout, 

where they overlie and are gradational downward into mylonitic South 

Mountains Granodiorite. Additional small outcrops are present in the 

central Southern Foothills along the contact between South Mountains 

Granodiorite and an overlying roof pendant of Estrella Gneiss. These 

latter outcrops are too small to show on the geologic map, but they re

veal the probable protoliths of mylonitic gneiss and schist. 

Mesoscopic Characteristics 

The characteristics of mylonitic gneiss and schist vary greatly 

from place to place because of differences in degree of deformation and 

in protolith. Many outcrops, including those at Mount Suppoa, are dark 

colored when viewed from a distance. The dark color is primarily due to 

the fine-grained nature of the rocks, as well as an abundance of dark 

minerals such as biotite, amphibole, chlorite, and epidote. Some expo

sures are lighter in color because they contain significant amounts of 

aplite, alaskite, and fine-grained granite. Most outcrops are banded 
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due to interlayering of these light- and dark-colored lithologies (Fig

ure 26). The rocks variably weather into small cliffs, ledges, or 

slopes, depending on the relative proportions of easily weathered, 

schistose rocks versus erosion-resistant sills of aplite and alaskite. 

The most dominant feature of these highly deformed rocks is a 

well-developed mylonitic fabric. All outcrops contain a pervasive my

lonitic foliation and lineation. Gneissic exposures are characterized 

by an obvious color banding that is defined by an alternation of differ

ent lithologies. Schistose rocks lack such banding and are more homo

geneous in composition, at least on the scale of a hand specimen. To

gether, mylonitic gneiss and schist are composed of a wide variety of 

lithologies, presumably reflecting an equally wide variation in proto

liths. Mylonitic equivalents of Estrella Gneiss, South Mountains Grano

diorite, Telegraph Pass Granite, and Dobbins Alaskite are all common 

constituents of mylonitic gneiss and schist. 

Most exposures of mylonitic gneiss and schist exhibit much 

lithologic variation in both vertical and lateral directions. They usu

ally contain alternating layers and lenses of mylonitically deformed plu

tonic rocks, amphibolite, mica schist, quartzofeldspathic gneiss, and 

biotite-rich gneiss. Many of these lithologies have nonmylonitic ana

logues in Estrella Gneiss. 

Mylonitic South Mountains Granodiorite is locally an important 

component of mylonitic gneiss and schist, especially in lower parts of 

the sections. It varies from only slightly deformed granodiorite to 

fine-grained, mylonitic schist. Mylonitic rocks derived from the grano

diorite are characterized by a homogeneous granodioritic composition 
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Figure 26. Photograph of mylonitic gneiss and schist south of Mount 
Suppoa. -- Dark-colored phase is probably mylonitic South 
Mountains Granodiorite, whereas light-colored layers are 
sills of mylonitic Dobbins Alaskite. 



and distinctive plagioclase porphyryclasts. The granodiorite is more 

difficult to recognize where it has become very schistose due to the 

formation of synkinematic muscovite. 
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Mylonitic Telegraph Pass Granite is also a minor constituent of 

mylonitic gneiss and schist, but it is much less common than granodio

rite. Compared to granodiorite, mylonitic granite has more quartz 

lenses, less biotite and plagioclase, and is notably lighter in color. 

Like the granodiorite, mylonitically deformed granite has a homogeneous 

composition, at least at the scale of a single outcrop. 

Aplite, alaskite, and fine-grained granite occur as highly de

formed sills within the mylonitic gneiss and schist unit. The sills are 

generally less than 30 cm thick at Mount Suppoa but are thicker at Dob

bins Lookout. They are extremely mylonitic and are locally more deformed 

than their mylonitic host rocks. 

Microscopic Characteristics 

As might be expected, mylonitic gneiss and schist display much 

variation in thin section. They are very fine grained and have small

scale compositional banding or lamination (Figure 27). In detail, the 

lamination is defined by alternating lenses of varying mineralogy. 

Light-colored lenses are principally composed of quartz with lesser 

amounts of muscovite, plagioclase, and potassium feldspar. Dark-colored 

lenses contain a high proportion of epidote, biotite, amphibole, plagio

clase, and extremely fine-grained minerals. 

Quartz usually occurs as lenticular aggregates that are composed 

of numerous, small crystals or subgrains of quartz. The lenticular 



72 

Figure 27. Photomicrograph of mylonitic gneiss under crossed nicols. -
Light-colored lenses are largely composed of quartz; whereas 
dark-colored layers contain feldspar, epidote, and other 
minerals. Note normal fault cutting mylonitic foliation. 
Photograph represents an area of approximately 1 sq cm. 
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aggregates have length-to-thickness ratios of approximately 10:1, as 

viewed parallel to foliation but perpendicular to lineation. Some 

quartz is also present as ribbons that have undulatory extinction with 

sub grain boundaries oriented perpendicular to the long axes of the rib

bons. Adjoining ribbons are commonly separated by thin zones of small 

equant crystals of quartz. All gradations between ribbon quartz and the 

lenticular quartz aggregates occur in a single thin section. 

Plagioclase is abundant in most thin sections of mylonitic 

gneiss and schist. It occurs as discrete porphyroclasts and as a major 

component of the finer grained fractions. Most porphyroclasts are less 

than several millimeters in diameter, although some are as large as one 

centimeter. Some porphyroclasts are relicts of original phenocrysts in 

South Mountains Granodiorite based on preserved twinning and zoning fea

tures. However, most plagioclase crystals in the mylonitic rocks have 

been extensively replaced by sericite and epidote. Epidote replacement 

has occurred preferentially along the tops and bottoms of porphyro

clasts. In addition, some porphyroclasts are flanked by pressure shad

ows of chlorite, biotite, and sericite. 

Amphibole is abundant in certain layers of mylonitic gneiss and 

schist, especially those that represent deformed amphibolite. Amphibole 

occurs in multi-crystal aggregates that are aligned parallel to folia

tion and lineation. Some crystals are highly fractured, whereas others 

evidently recrystallized during mylonitization. 

Muscovite, biotite, and chlorite are usually present within ex

tremely mylonitic rocks. Muscovite occurs as fine-grained, platey 
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crystals that formed parallel to foliation. It is much more common in 

the mylonitic gneiss and schist than in nonmylonitic protoliths. In 

fact, the abundance of muscovite is partly responsible for the schistose 

appearance of many mylonitic rocks. Biotite and muscovite are commonly 

present in approximately equal amounts. Biotite is present both in 

shreddy masses that exhibit undulatory extinction and in recrystallized 

masses that contain no obvious cleavage or deformational fabric. Chlor

ite occurs in fine-grained, dark-colored layers; in quartz-filled ten

sion gashes; and in pressure shadows next to plagioclase porphyroclasts. 

Some chlorite has formed at the expense of biotite and amphibole. 

Epidote is an important mineralogic component and occurs in 

nearly all lithologies except alaskite and aplite. It has replaced pla

gioclase in porphyroclasts and in the fine-grained matrix. Many epidote 

crystals are aligned parallel to lineation, especially those that formed 

in quartz-filled tension gashes. 

Other minerals--including alkali feldspar, apatite, and zircon-

are sparsely present in mylonitic gneiss and schist. Alkali feldspar 

appears to reside mostly in finer grained layers, whereas apatite occurs 

as undeformed crystals that are widely disseminated throughout the rock. 

Zircon crystals are rounded and display internal fracturing and 

breakage. 

Dikes and Sills 

Intermediate to felsic dikes and sills are abundant in most parts 

of the South Mountains but are particularly common in the center of the 

range. They are concentrated into two north-northwest-trending swarms 



75 

(Figure 6). The western swarm has intruded Estrella Gneiss in the west

ern Southern Foothills and on Main Ridge, west of Telegraph Pass (Figure 

28). The eastern dike swarm cuts South Mountains Granodiorite and 

Estrella Gneiss east of Telegraph Pass and in the central Southern Foot

hills. Microdiorite dikes are not concentrated within either swarm but 

instead are more widely distributed. 

There is great variability in the lithology of dikes and sills 

because they were emplaced at slightly different times and from a parent 

magma that was evolving in composition. Many dikes and sills have a bi

modal grain size that reflects a multi-stage crystallization history. 

Dikes and sills that were emplaced early in the intrusive sequence are 

coarser grained than those that were emplaced later. Also, early dikes 

and sills are mylonitic, whereas the latest dikes are not. The dikes 

and sills can be grouped into the following six suites: 

1) rhyodacite and dacite; 

2) fine-grained granodiorite; 

3) andesite; 

4) felsite; 

5) mafic granodiorite; and 

6) microdiorite. 

The lithology of each suite is described below. However, there is much 

gradation and overlap between the suites, except for the microdiorites 

which are distinctive in both lithology and age. The petrology of sev

eral dikes in the western swarm has been previously discussed by 

Avedisian (1966). 
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Figure 28. Photograph of middle Tertiary dikes intruding Precambrian 
Estrella Gneiss west of Telegraph Pass. -- View is toward 
the north. 
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Rhyodacite and Dacite 

Perhaps the most common dikes and sills are those of porphyritic 

rhyodacite and dacite which occur in both dike swarms. They are also 

associated with Dobbins Alaskite in the Southern Foothills. Most are 

light to medium gray, except where stained by desert varnish. Dikes 

vary from undeformed to strongly mylonitic, whereas sills are generally 

mylonitic." In many cases, sills are more mylonitic than their host 

rocks. 

Rhyodacite and dacite contain 10-30% phenocrysts of quartz, pla

gioclase, alkali feldspar, and biotite. Quartz and alkali feldspar are 

the dominant phenocrysts in rhyodacite, whereas zoned plagioclase and 

biotite are most common in dacite. Most phenocrysts are euhedral to 

subhedral and between 2 and 5 mm in length. They usually are encased in 

an extremely fine-grained matrix whose mineralogy is difficult to re

solve with a standard petrographic microscope. Small crystals of mag

netite, apatite, and zircon can be recognized in some thin sections. 

Fine-grained Granodiorite 

A second type of dike is composed of fine-grained granodiorite. 

These occur throughout both dike swarms and are coarser in grain size 

than the rhyodacites and dacites. Some strongly resemble South Mountains 

Granodiorite, except for their finer grain size. They have a medium 

gray color on fresh surfaces but are brown or tan where weathered. Some 

dikes contain a well-developed mylonitic fabric, whereas others are 

undeformed. 
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Crystals in fine-grained granodiorite are approximately one mil

limeter in diameter. Plagioclase is the most abundant mineral followed 

by quartz, alkali feldspar, and biotite. Plagioclase and biotite are 

common as phenocrysts and as components of the fine-grained matrix, 

whereas quartz and alkali feldspar are restricted to the matrix. Many 

of the larger plagioclase crystals are concentrically zoned. Magnetite, 

apatite, epidote, and zircon are common accessory minerals. Where the 

rocks are mylonitic, there is an increased content of muscovite and 

epidote. 

Andesite 

Andesitic sills are common in the eastern swarm and in parts of 

the Southern Foothills. They usually have gentle dips, although short, 

steep segments are also present. Most are difficult to map in the field 

due to a highly irregular trace and to erratic changes in orientation. 

Nearly all are less than several meters thick. They form distinctive 

outcrops that are dark gray and green with tan desert varnish. Most have 

a well-developed mylonitic fabric and some are more deformed than their 

country rocks. 

They are composed of approximately 15-25% plagioclase pheno

crysts in a dark-colored matrix of plagioclase, biotite, hornblende, 

quartz, alkali feldspar, and chlorite. The phenocrysts are usually be

tween 0.1 and 1.0 mm in diameter and are concentrically zoned. Epidote, 

magnetite, sphene, apatite, and zircon are common accessory minerals. 
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Felsite 

Light-colored felsite dikes and sills are a major component of 

both dike swarms. Some dikes are very resistant to erosion and have 

formed linear walls over 10 m high and 5 m thick. The most spectacular 

of these is referred to locally as the "Chinese Wall." Felsite is a 

cream-colored rock on fresh and weathered surfaces. It varies from un

deformed to strongly mylonitic. Most felsite dikes and sills are very 

fine grained, except for sparse phenocrysts of plagioclase and quartz. 

In thin-section, nearly all crystals are less than 0.1 mm in diameter. 

Plagioclase, quartz, and alkali feldspar are the most abundant minerals. 

Some felsites have a granitic composition but most are granodioritic. 

Magnetite and sericite are commonly present in trace amounts. 

Mafic Granodiorite 

One type of dike herein is called mafic granodiorite because it 

contains a higher proportion of mafic minerals than most granodiorite 

dikes in the range. Mafic granodiorite dikes are present in both dike 

swarms but are probably most abundant in the Southern Foothills. They 

form bold, linear ridges that have a heavy coat of tan and brown desert 

varnish. They have been extensively utilized by ancient Hohokam(?) 

Indians who carved petroglyphs onto the varnish-stained sides of the 

dikes. The dikes are generally fresh and devoid of any mylonitic fabric, 

and thin slabs of the granodiorite produce a definite ringing sound when 

struck with a hammer. Most fresh surfaces are medium to dark gray. 

Mafic granodiorite contains 15-30% plagioclase phenocrysts that 

are subhedral and between 0.5 and 2 mm in length. Many of the larger 
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phenocrysts display delicate concentric zoning. Mafic granodiorite also 

contains 2-5% biotite phenocrysts. The phenocrysts are surrounded by a 

fine-grained matrix of plagioclase, quartz, alkali feldspar, biotite, 

amphibole, and chlorite. Accessory minerals include magnetite, sphene, 

apatite, epidote, and zircon. 

Microdiorite 

Microdiorite dikes constitute a distinctive suite of igneous 

rocks that are younger than all other dikes in the range. They occur 

mostly in the eastern half of the range where they have intruded South 

Mountains Granodiorite. Some are through-going features over 5 km long 

that extend the entire width of the range. The dikes form dark, linear 

troughs that are clearly visible from a distance. They range in thick

ness from several centimeters to over 20 m. The thickest dikes have 

coarse- to medium-grained centers, whereas the thinner dikes are fine

grained throughout. Coarse-grained phases consist of diorite or quartz 

diorite. Fine-grained phases are dark gray or green and might be re

ferred to in the field as lamprophyre. Nowhere are the microdiorite 

dikes mylonitically deformed. Instead, they discordantly intrude across 

mylonitic fabric in the granodioritic host. 

The microdiorites contain sub equal amounts of plagioclase and 

hornblende, which together comprise approximately 90% of the rock. The 

hornblende occurs as prismatic and acicular crystals that form an inter

locking network through the plagioclase matrix. The remaining 10% of 

the rock is composed of biotite and quartz, with lesser amounts of mag

netite, epidote, sphene, and apatite. 
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Chloritic Breccia 

Chloritic breccia is a mappable unit on the eastern ends of Main 

and Ahwatukee Ridges (Figures 6 and 7). It was formed by extreme brec

ciation, fracturing, faulting, and hydrothermal alteration of South 

Mountains Granodiorite or, less commonly, other middle Tertiary intru

sive rocks. 

In most exposures, the breccia grades downward through a transi

tional zone of sporadic brecciation into unbrecciated South Mountains 

Granodiorite. It is composed of two distinct lithologies--chloritic 

breccia and microbreccia. The two rock types occur together in most 

outcrops and were formed by similar processes. The breccia underlies 

and is related to a low-angle detachment fault. 

Chloritic Breccia 

Chloritic breccia is a very distinctive rock unit. Where pro

tected by an overlying cap of erosion-resistant microbreccia, the brec

cia forms dark-colored cliffs. Where the protective cap of microbreccia 

is absent, the breccia has broken down into a dark-colored soil. The 

breccia is dissected by numerous fractures which impart a jagged aspect 

to most outcrops (Figure 29). The outcrops have a definite green color

ation due to a high content of chlorite and epidote. 

The breccia is green and highly fractured. It is composed of 

countless angular fragments in a finely granulated matrix. Individual 

fragments vary in diameter from fractions of a millimeter to several 

meters. In fact, most fragments are microscopic. There are two vari

eties of chloritic breccia. The first contains fragments that have been 
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Figure 29. Photograph of chloritic breccia on Two Peaks. -- Note rock 
hammer for scale. 
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rotated and totally detached from one another. In the second variety, 

the rocks are highly fractured, but adjacent fragments have not been ro

tated with respect to one another. These two varieties of breccia are 

widely intermixed, but the first variety is most common in structurally 

high exposures. 

Chloritic breccia is dissected by a myriad of fractures and 

small faults. Most fractures strike north-northwest to northwest and 

dip steeply. They exhibit distinctive anastomosing or braided patterns 

in outcrop because individual fractures are somewhat curvi-planar and 

commonly intersect one another at relatively low angles. Some fractures 

contain striations, whereas others are purely extensional features de

void of striations. 

The chloritic breccia is a remarkable rock in thin section 

(Figure 30). When viewed under the microscope, the breccia's true char

acter emerges. At all powers of magnification, the breccia appears as 

a collage of angular fragments. Large and small fragments are inter

mixed in a seemingly haphazard arrangement. The largest fragments in a 

given thin section are approximately 5 millimeters in diameter, whereas 

the smallest fragments are too small to be resolved with a conventional 

petrographic microscope. The fragments have an infinite variety of 

shapes but most are distinctly angular. Nevertheless, there is abundant 

evidence that many have been rounded. Most fragments are monocrystal

line, but some are polycrystalline or polymineralic. 

Microscopic textures in the breccia are markedly different from 

those in mylonitic rocks from which the breccia was derived. For exam

ple, almost all minerals in the breccia, including quartz, display 
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Figure 30. Photomicrograph of chloritic breccia under crossed nicols. 
-- Photograph represents an area of approximately 1 sq cm. 
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evidence of brittle deformation. Evidence of ductile deformation is 

generally lacking. Most mineral fragments are severely brecciated, 

granulated, and shattered by numerous fractures and microfaults. Undu

latory extinction is generally present to some degree, but it is uncer

tain how much of this was inherited from the mylonitic protolith. Many 

fragments have textures, such as ribbon quartz, that are certainly re

licts of mylonitic fabrics that existed in the rocks before brecciation. 

Brecciation was accompanied by extreme alteration of unstable 

mineral phases. For example, biotite is notably absent in chloritic 

breccia, although it is abundant in rocks from which the breccia was de

rived. Plagioclase fragments in breccia are extensively altered to 

sericite, epidote, and calcite. Some crystals of magnetite are rimmed 

by hematite, whereas others are unaltered. Sphene has been mostly re

placed by opaque oxides and hematite. 

A number of new mineral grains were formed during and after brec

ciation. The most important of these are chlorite, epidote, calcite, 

hematite, and magnetite. Chlorite is ubiquitous. It mostly occurs as 

irregular-shaped masses in the interstices between fragments but is also 

present in through-going veins, as fracture coatings within fragments, 

and as mineral replacements. In addition, chlorite is a major component 

of the fine-grained matrix that encloses the larger fragments. Most 

chlorite crystals lack fractures or other deformational features. This 

and other microscopic textures indicate that chloritic deposition accom

panied and outlasted brecciation. The same is also true of minerals, 

such as sericite, epidote, calcite, hematite, and magnetite, which are 
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associated with chlorite in the breccia. Some crystals of these min

erals are brecciated, whereas others were formed after the main phase of 

brittle deformation. All five minerals accompany chlorite in the fine 

grained matrix of the breccia. Calcite also occurs in through-going 

veins, irregular void fillings, and disseminated replacements. 

Some exposures of chloritic breccia contain a well-developed 

foliation and lineation. These fabrics are not relicts inherited from 

the underlying mylonitic granodiorite but were formed during breccia

tion. They are most common near the top of the breccia, slightly below 

the microbreccia ledge. The fabrics have a mylonitic aspect but are 

distinctly more brittle in appearance than mylonitic fabrics in under

lying granodiorite. They appear to represent a style of deformation 

intermediate between mylonitization and brecciation. 

Microbreccia 

Mesoscopic characteristics of microbreccia are distinct from 

those of chloritic breccia. In thin-section, these differences amount 

mainly to a question of scale. Microbreccia is essentially a small

scale analogue of the breccia. 

Microbreccia forms erosion-resistant outcrops due to its compact 

character and lack of mesoscopic fractures. It has a gray color and 

distinctive resinous or flinty luster on fresh surfaces (Figure 31). 

Weathered outcrops are normally shades of beige, tan, or brown. Micro

breccia is an extremely fine-grained rock that commonly resembles gray 

porcelain. Individual fragments are generally invisible to the unaided 
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Figure 31. Photograph of microbreccia on northeast end of Main Ridge. 



eye. Where discrete fragments are observed, they resemble typical 

chloritic breccia. 
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As with chloritic breccia, microbreccia is composed of a mosaic 

of angular fragments. The fragments vary markedly in size but most are 

extremely small. Microbreccia consists of approximately 90% fine

grained matrix in which fragments are less than 0.01 mm in diameter 

(Figure 32). The remaining 10% of the rock is comprised of larger frag

ments scattered throughout the matrix. Mineralogy of matrix material is 

largely unresolvable with a conventional petrographic microscope. It 

has a mottled, yellowish green and brownish red color under reflected 

light, possibly indicating the presence of sericite, chlorite, epidote, 

and hematite. Microbreccia differs from chloritic breccia in that it 

contains fragments of chlorite but lacks chloritic void fillings and 

veins. 



Figure 32. Photomicrograph of microbreccia under crossed nicols. -
Photograph represents an area of approximately 1 sq cm. 
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LATE TERTIARY-QUATERNARY 
SURFICIAL DEPOSITS 

Bedrock exposures of the South Mountains are surrounded by sev-

eral types of surficial deposits. These deposits underlie low-relief 

plains that extend away from the range in all directions. They are 

also widely exposed in topographic embayments of the Southern Foothills 

and in San Juan Valley. Additional unmapped patches occur in most 

drainages. 

The most common type of deposit consists of unconsolidated sand 

and gravel. Coarse-grained material is most abundant near mountain 

fronts, whereas fine-grained material occurs in more distal areas. 

Aprons of coarse talus cover many slopes, especially those around out-

crops of Precambrian Estrella Gneiss. 

A second type of surficial deposit occurs in several locations 

along the northern flank of the range. These are composed of well-

bedded and well-sorted sand and gravel that were evidently deposited by 

the Salt River. 

Well-consolidated gravels occur in several areas, most notably 

in embayments of the Southern Foothills and in San Juan Valley. These 

gravels are the oldest surficial deposits exposed and usually form ter-

races that are being exhumed by modern drainages. They are poorly sorted 

and are well cemented by caliche. Bedding in the gravels is subhorizon-

tal or has gentle dips away from the mountain range. Nowhere were the 

gravels observed to be faulted. 
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GEOCHRONOLOGY 

Introduction 

A relative chronology of plutonic, metamorphic, and deforma

tional events can be reconstructed using contact relationships, but an 

absolute chronology must be determined by other means. General con

straints on timing are provided by comparing undated rocks of the South 

Mountains to rocks of known age elsewhere in Arizona. A more direct, 

less ambiguous method of constraining timing is by isotopic geochemi

istry. As part of this study, Rb-Sr whole-rock analyses were used to 

evaluate the ages of Estrella Gneiss, South Mountains Granodiorite, 

Telegraph Pass Granite, and various dikes. Cooling histories of these 

rocks were constrained by K-Ar determinations on biotite. In addition, 

K-Ar ages were determined on hornblende from mylonitic Estrella Gneiss 

and from a microdiorite dike that is one of the youngest intrusions in 

the range. All isotopic analyses were carried out in cooperation with 

Paul E. Damon and M. Shafiqullah, of the Laboratory of Isotope Geochem

istry, University of Arizona. 

Geologic Constraints 

Field relationships indicate that Estrella Gneiss is the oldest 

rock unit in the range. Igneous and sedimentary protoliths of the gneiss 

were metamorphosed and deformed prior to emplacement of all other rock 

types. This earliest met~morphic-deformational event occurred at amphib

olite grade and produced a steep crystalloblastic foliation. Komatke 

Granite evidently was emplaced during the late stages of this event. 
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The next major event was intrusion of South Mountains Granodio

rite discordantly across crystalloblastic foliation in Estrella Gneiss. 

The granodiorite also crosscuts some mylonitic fabric in gneiss. Em

placement of the granodiorite was in part accompanied by, and in part 

succeeded by, intrusion of Telegraph Pass Granite and Dobbins Alaskite. 

The granodiorite, granite, and alaskite are phases of a single pluton. 

All three rock units were mylonitically deformed shortly after their 

emplacement. They were also intruded by a myriad of north-northwest

trending dikes and gently dipping sills. The dikes and sills were em

placed before, during, and after mylonitization. Microdiorite dikes, 

the youngest dikes in the range, are everywhere post-mylonitic. Chlor

itic breccia formed subsequent to, but possibly close to the same time 

as,the microdiorites. Deposition of surficial deposits and erosion of 

the range were the last recorded geologic events. 

Absolute ages of this relative chronology can be inferred by com

paring rocks in the South Mountains to rocks of known age elsewhere in 

Arizona. Estrella Gneiss is lithologically and structurally similar to 

many Precambrian terranes in central, western, and northern Arizona 

(Giletti and Damon, 1961; Wasserburg and Lanphere, 1965; Damon, 1968; 

Livingston and Damon, 1968; Wilson, 1969; Pushkar and Damon, 1974; 

Christenson and others, 1978; Shafiqullah and others, 1980). Estrella 

Gneiss is higher grade but still analogous to well-dated Precambrian 

rocks in the Prescott-Jerome area (Anderson and Silver, 1976) and in 

eastern and southeastern Arizona (Silver and Deutsch, 1963; Livingston, 

1969; Silver, 1978). The steep crystalloblastic foliation in the gneiss 

is characteristic of Precambrian terranes throughout Arizona. Similarly, 



Komatke Granite is analogous to Precambrian granites elsewhere in 

Arizona (see references listed above). 
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South Mountains Granodiorite, Telegraph Pass Granite, and Dob

bins Alaskite resemble many Laramide and middle Tertiary plutons. In 

particular, they are lithologically and structurally similar to upper 

Oligocene granites of the Tortolita Mountains near Tucson (Keith and 

others, 1980). The numerous north-northwest-trending dikes of the 

South Mountains are almost identical in lithology and overall trend to 

dated middle Tertiary dikes of the Harquahala, Vulture, and Tortolita 

Mountains (Rehrig and Reynolds, 1980; Rehrig, Shafiqullah, and Damon, 

1980; Keith and others, 1980). Finally, chloritic breccia in the South 

Mountains is similar to chloritic breccia zones in western Arizona that 

are associated with low-angle detachment faults of Oligocene to middle 

Miocene age (Rehrig and Reynolds, 1980; Davis and others, 1980). 

Rb-Sr Geochronology 

Rb-Sr whole-rock analyses were determined on samples of Estrella 

Gneiss, South Mountains Granodiorite, Telegraph Pass Granite, and sev

eral types of dikes (Table 1). All isotopic analyses were performed by 

the author and M. Shafiqullah. The analyses yield definitive emplacement 

ages for the granodiorite, granite, and some dikes but only loosely con

strain the age of Estrella Gneiss. 

Estrella Gneiss 

Rb-Sr analyses were performed on a single sample of Estrella 

Gneiss that was collected for a K-Ar determination on hornblende. This 



Table 1. Rb-Sr analyses. -- Sample locations, field numbers, and decay constants are listed in 
A~~endix A. 

SAMPLE 87Rb /86Sr 87sr/86Sr 
NUMBER 

NUMBER ROCK TYPE Rb (eem) Sr (ppm) OF RUNS 
Estrella Gneiss 

EG-l amphibolite 14 211 0.192 0.70597 ± 0.00017 16 

South Mountains Granodiorite 

SMG-l granodiorite 54 589 0.266 0.70559 ± 0.00036 13 
(mylonitic) 

SMG-2 granodiorite 66 462 0.414 0.70556 ± 0.00035 11 
SMG-3 granodiorite 71 443 0.464 0.70558 ± 0.00037 4 
SMG-4 granodiorite 79 476 0.480 0.70591 ± 0.00023 13 
SMG-5 aplite in 99 101 2.83 0.70695 ± 0.00040 17 

granodiorite 
SMG-6 aplite in 130 60.0 6.27 0.70846 ± 0.00015 5 

granodiorite 
SMG-7 aplite in 189 20.0 27.4 0.71517 ± 0.00074 23 

granodiorite 

Telegraph Pass Granite 

TPG-l granite 80 231 1.00 0.70659 ± 0.00034 6 
TPG-2 granite 113 202 1.62 0.70661 ± 0.00036 20 
TPG-3 granitic dike 110 180 1.77 0.70721 ± 0.00031 10 
TPG-4 aplite in 139 24.0 16.8 0.71280 ± 0.00121 10 

granite 

\0 
.po 
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sample is an amphibolite that has been overprinted by mylonitization. 

The amphibolite has a very low Rb content (14 ppm) and 87Rb/86Sr ratio 

(0.1918) (Table 1). The measured 87Sr /86Sr ratio of the sample is also 

relatively low (0.706). The low Rb/Sr ratio of the sample prohibits a 

unique, conclusive model age. 87 86 Assuming initial Sri Sr ratios of 

0.701 and 0.7015 yields model ages of 1.8 and 1.6 b.y., respectively. 

A model age of 1.1 b.y. is calculated by assuming 0.703 as an initial 

ratio. Younger model ages are yielded by assuming higher initial ra-

tios. No interpretation of the data is unique, but a reasonable hypoth-

esis is that the amphibolite is Precambrian in age, possibly 1.6-1.8 

b.y., as suggested by correlation of Estrella Gneiss with well-dated 

Precambrian rocks elsewhere in Arizona. For example, Pushkar and Damon 

(1974) have documented a Precambrian age for metamorphic and granitic 

rocks of the southern Sierra Estrella. These metamorphic rocks may be 

correlative with Estrella Gneiss of the South Mountains. The sample of 

metamorphic rock analyzed by Pushkar and Damon (1974) is more felsic 

and more radiogenic than the Estrella Gneiss amphibolite analyzed from 

the South Mountains. However, the amphibolite was originally a mafic 

igneous rock that probably had a low Rb/Sr ratio. As a consequence, the 

rock evolved 87Sr very slowly and only slightly increased its 87Sr/86Sr 

ratio with time. . 87 86 In1tial Sri Sr ratios as low as 0.7015 or 0.701 are 

common in mafic Precambrian terranes throughout the world (Faure, 1977). 

87 86 The low initial SrI Sr ratio for the Estrella Gneiss amphibolite, if 

valid, indicates a primitive mantle source for the original mafic igne-

ous rock. 
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South Mountains Granodiorite 

Four whole-rock samples of South Mountains Granodiorite were 

collected and analyzed for Rb and Sr. Three samples of aplitic phases 

of the granodiorite were also analyzed. Rubidium content of the grano

diorite samples varies only slightly from 54 to 79 ppm; strontium con

tent of the samples has a broader range from 443 to 589 ppm. The 

spread in 87Rb /86Sr ratios for the four granodiorite samples is too li

mited to permit construction of a tightly constrained isochron based on 

these samples alone. 

Samples of aplitic phases of the granodiorite contain from 99 to 

189 ppm Rb and from 20-101 ppm Sr. The corresponding 87Rb /86sr ratios 

have an excellent spread between 2.8 and 27.4. Therefore, the three 

aplite sample~ in conjunction with the four granodiorite samples, pro

vide the required spread in 87Rb /86Sr ratios to determine the age of the 

granodiorite using a standard isochron plot. The data for all seven 

samples are plotted on Figure 33a. All data points plot on or very near 

a 25 m.y. reference isochron. An age of 24.6 ± 0.4 m.y. is yielded by a 

least-squares regression on all seven data points. This is interpreted 

to approximate the age of emplacement. Initial 87Sr/86Sr ratio of the 

granodiorite was 0.7056. 

It is the high 87Rb /86Sr ratios of the aplites that permits a 

relatively precise determination of the age and initial 87Sr/86Sr ratio 

of granodiorite. Representative model ages at different assumed 

87Sr /86Sr initial ratios are given for the most radiogenic aplite on 

Table 2. The model ages are middle Tertiary, regardless of what 
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Table 2. Rb-Sr model ages for aplites in South Mountains Granodiorite 
and Telegraph Pass Granite. 

MODEL AGES OF APLITES (m.y.) 
ASSUMED SOUTH MOUNTAINS TELEGRAPH PASS 

INITIAL RATIO GRANODIORITE GRANITE 

0.709 15.9 16.0 

0.708 18.5 20.2 

0.707 21.0 24.4 

0.706 23.6 28.5 

0.705 26.2 32.7 

0.704 28.7 36.9 

0.703 31.3 41.1 

98 



99 

reasonable initial 87Sr/86Sr ratio is assumed. Assuming an initial ra

tio of 0.7056 yields an age of 25 m.y. or vice versa. The calculations 

are consistent with a 25 m.y. age and 0.7056 initial 87sr /86Sr ratio for 

the granodiorite. 

Field relationships, petrologic considerations, and geochemical 

arguments all indicate that the aplites are an integral part of the 

host granodiorite. The aplites have essentially the same mineralogy as 

the host granodiorite, including small plagioclase phenocrysts that are 

identical in size and zoning features to those in main-phase granodio

rite. In fact, some aplites have gradational boundaries with the grano-

diorite on a microscopic scale of observation. In thin-section, these 

aplites have border phases whose coarseness approaches that of the adja

cent granodiorite. Aplites are widely scattered throughout the grano

diorite pluton and are spatially unrelated to younger intrusive bodies. 

They are concentrated near the roof and margins of the granodiorite ir

respective of the country rock. This relationship is most easily ex

plained by relating the formation of the aplites to late-stage water 

saturation near the top and sides of the granodioritic magma. If the 

aplites were unrelated to the granodiorite, they would not show such a 

preference for the top and margins of the pluton. 

The aplites have undergone the same mylonitic deformation as the 

granodiorite, and none have been observed cutting an older mylonitic fab

ric in the granodiorite. This relationship is important because the 

granodiorite was mylonitically deformed soon after its emplacement (see 

discussions that follow). Therefore, the granodiorite and aplites are 

essentially the same age. 
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Telegraph Pass Granite 

Rubidium and strontium analyses were performed on two samples of 

main-phase Telegraph Pass Granite, one sample of an aplite within the 

granite, and one sample from a granitic dike. The two main-phase sam

ples possess insufficient spread of 87Rb /86Sr ratios to precisely con-

strain an age. However, combined data for the granite, aplite, and 

granitic dike samples yield a late Oligocene age. All data points plot 

within analytical uncertainty on a 25 m.y. reference isochron (Figure 

33). A least-squares regression on the data yields an age of 27.7 ± 0.7 

m.y. with an initial 87sr /86Sr ratio of 0.7062. Model ages calculated 

for the aplite sample are middle Tertiary, irrespective of what reason

able initial 87Sr/86Sr ratio is assumed (Table 2). 

The 0.7062 initial 87Sr /86Sr ratio determined for the granite is 

very close to, but slightly higher than, the 0.7056 initial ratio deter

mined for the granodiorite. Similar initial ratios for the two rock 

types support a comagmatic origin. The slightly higher initi.al ratio of 

the granite might be due to its proximity to Precambrian Estrella Gneiss, 

a likely source of radiogenic contamination. Adherence of both granite 

and granodiorite data to 28 to 25 m.y. isochrons verifies that the two 

rock types are phases of a single pluton. A least-squares regression on 

all granodiorite and granite samples gives an age of 25.5 ± 1.5 m.y. 

Field relationships and isotopic geochemistry are mutually supportive 

and unambiguous; the granite and granodiorite are both late Oligocene 

(28-25 m.y.) in age. By analogy, Dobbins Alaskite is also 28-25 m.y. 

old because it is a border phase of Telegraph Pass Granite. 
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K-Ar Geochronology 

K-Ar mineral ages were determined for five rocks from the South 

Mountains. Biotite was dated from two samples of South Mountains Grano

diorite and one sample of Telegraph Pass Granite. Hornblende was dated 

from mylonitically deformed Estrella Gneiss and from an undeformed mi

crodiorite dike. All ages were determined by M. Shafiqullah and Paul E. 

Damon of the Laboratory of Isotope Geochemistry, University of Arizona. 

Sample locations and analytical data are listed on Table 3. Analytical 

procedures are described in Shafiqu11ah and others (1980). 

Estrella Gneiss 

A K-Ar age of 48.3 ± 1.0 m.y. was determined on hornblende from 

a mylonitic amphibolite within Estrella Gneiss. This age can be inter

preted in several ways. One possible interpretation is that the date is 

a simple cooling age, implying that the amphibolite cooled below ap

proximately 450°C at 48 m.y. ago. Such an interpretation would be most 

plausible if the amphibolite had experienced a simple, single-stage 

metamorphic-deformational history. However, hornblende in the sample is 

a relict of Precambrian metamorphism that has survived subsequent mylon

itization. Therefore, the cooling history of the sample might be ex

tremely complex. The best interpretation seems to be that the 48 m.y. 

age is a hybrid that reflects both the original Precambrian metamorphism 

and subsequent middle Tertiary mylonitization. The 48 m.y. age deter

mination is much closer to the age of mylonitization than to the age of 

original Precambrian metamorphism, which suggests that the hornblende 

age is mostly recording thermal events that accompanied Tertiary 



Table 3. K-Ar analyses. -- Sample locations, field numbers, and decay constants are listed 
in Appendix A. 

SAMPLE NUMBER 

UAKA 78-27 

UAKA 78-80 

UAKA 78-81 

UAKA 73-110 

UAKA 79-133 

MINERAL/LITHOLOGY 

hornb1ende/ 
mylonitic amphibolite 

biotite/South 
Mountains Granodiorite, 
slightly mylonitic 

biotite/South 
Mountains Granodiorite 

biotite/Telegraph Pass 
Granite 

hornb1ende/microdiorite 
dike 

K (%) 

0.586 

7.308 

7.300 

7.203 

1.148 

PERCENT 
RADIOGENIC ATMOSPHERIC 

40Ar x 10-12m/ g 40Ar AGE (m.y.) 

49.81 19.3 1,.8.3 ± 1.0 

261.2 18.6 20.5 ± 0.4 

256.9 17.6 20.2 ± 0.4 

241.2 28.0 19.2 ± 0.4 

56.90 27.6 28.4 ± 0.5 

...... 
o 
N 



103 

mylonitization. The age may indicate that Tertiary heating at 25 

m.y.B.P. was sufficient to expel nearly 99% of the argon that had ac-

cumulated in the hornblende since its formation in the Precambrian. 

Even if the hornblende retained only a minor amount of argon during my-

lonitization, it could still yield a hybrid age of 48 m.y. The hybrid 

age suggests that temperatures were lower than 475°C during mylonitiza-

tion because argon would have been totally degassed from the hornblende 

at higher temperatures. 

South Mountains Granodiorite 
and Telegraph Pass Granite 

Biotite was dated from two separate localities of South Moun-

tains Granodiorite and from one exposure of Telegraph Pass Granite. The 

K-Ar ages on the two samples of granodiorite are 20.5 ± 0.4 and 20.2± 

0.4 m.y. The K-Ar age on the biotite from the granite is slightly young-

er at 19.2 ± 0.4 m.y. The ages indicate that both rock types cooled be-

low approximately 250°C, the temperature at which biotite retains argon, 

20 m.y. ago. The similarity of biotite ages from three different locali-

ties suggests that the plutons experienced a relatively uniform cooling 

history. It is significant that the K-Ar cooling ages are 5-8 m.y. 

younger than the 25-28 m.y. emplacement age indicated by Rb-Sr analyses. 

The disparity between the emplacement and cooling ages suggests that the 

plutons had a somewhat protracted cooling history. 

Microdiorite Dike 

A single K-Ar age was determined for hornblende from a micro-

diorite dike in the Southern Foothills. The dike is a constituent of a 
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north-northwest trending swarm of microdiorite dikes that traverse the 

entire width of the range. Crosscutting relationships indicate that 

the microdiorite dikes are the youngest dikes in the range. They cross

cut mylonitic foliation in the country rocks and are nowhere mylonitic. 

However, they have been extensively jointed, brecciated, and converted 

into chloritic breccia along with the host-rock granodiorite. The dike 

sampled is fresh and unbrecciated. The sample is from the coarse

grained center of the dike. 

The K-Ar hornblende age on the microdiorite dike is 28.4 ± 0.5 

m.y., approximately the same age as emplacement of the South Mountains 

Granodiorite and Telegraph Pass Granite. Field relationships demonstrate 

that the microdiorite dikes are younger than both the granodiorite and 

granite. The 28 m.y. hornblende age may indicate that the granodiorite 

and granite are closer to 28 than to 25 m.y. old. However, it is equally 

possible that the hornblende age is slightly too old due to extraneous 

argon that was incorporated into the hornblende during crystallization. 

The 20 m.y. K-Ar biotite ages on the granodiorite described above indi

cate that argon was degassing from the granodiorite prior to 20 m.y.B.P. 

Such degassed argon could easily be incorporated into hornblende crystals 

of the microdiorite. The age of the microdiorite dikes is significant 

because it places a minimum age on mylonitization and a maximum age on 

development of the chloritic breccia, although brecciation and the dikes 

may overlap in age. 
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Geochronologic Summary 

Geochronologic studies have conclusively dated the emplacement 

of most intrusive rocks in the range. Estrella Gneiss and Komatke Gran

ite are isotopically undated, but both rocks are probably Precambrian in 

age (approximately 1.7 b.y. for the gneiss and 1.4-1.7 b.y. for the 

granite). South Mountains Granodiorite, Telegraph Pass Granite, and 

Dobbins Alaskite were emplaced 28-25 m.y. ago. They are phases of a 

composite middle Tertiary pluton. Essentially all dikes in the range 

were intruded between 28 and 25 m.y. ago, with the youngest dikes being 

microdiorites. K-Ar biotite ages indicate that the middle Tertiary plu

tonic rocks had cooled below approximately 250°C by 19-20 m.y.B.P. 

The isotopic ages, in conjunction with field relationships, pre

cisely date the major deformational events. The original deformation

metamorphism that formed the Estrella Gneiss is almost certainly Precam

brian, although it is isotopically undated in the South Mountains. In

tense mylonitization occurred synchronous with plutonism at approximately 

28-25 m.y.B.P. Development of chloritic breccia largely postdates the 

microdiorite dikes, although the dikes and breccia may overlap in age. 

Most of the breccia was probably formed by 19-20 m.y.B.P. when the plu

tonic rocks were cooling below 250°C. The microbreccia may be slightly 

younger. 



STRUCTURAL GEOLOGY 

Introduction 

Field relationships and isotopic geochemistry indicate that at 

least six deformational episodes are represented by structures of the 

South Mountains and vicinity. They are listed below from oldest to 

youngest: 

1) Precambrian deformation; 

2) Middle Tertiary igneous structures; 

3) Middle Tertiary mylonitization; 

4) Middle Tertiary fracturing, brecciation, and detachment 

faulting; 

5) Middle(?) Tertiary arching; and 

6) Late Tertiary Basin and Range deformation. 

The character, orientation, kinematic significance, and age of struc

tures formed during each episode of deformation are discussed in the 

following sections. 

Precambrian Deformation 

Precambrian Estrella Gneiss and Komatke Granite have undergone 

one or more episodes of Precambrian deformation. This deformation pro

duced a well-developed crysta11ob1astic foliation that generally strikes 

northeast and dips steeply or moderately to the southeast. Deformation 

was accompanied by amphibolite-facies metamorphism. 
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Character 

Crystalloblastic foliation in Estrella Gneiss is defined by com

positional banding and oriented mineral grains (Figure 18). Composi

tional banding occurs on a wide variety of scales, with individual bands 

ranging in thickness from fractions of a millimeter to over ten meters. 

Oriented mineral grains, such as biotite and muscovite, help define the 

foliation but generally do not form an obvious lineation. Minor struc

tures, such as small-scale folds, are present in some exposures of 

gneiss. 

Crystalloblastic foliation in Komatke Granite is primary defined 

by oriented mineral grains. The granite is compositionally homogenous 

when viewed over an entire outcrop, but closer examination reveals small

scale compositional banding parallel to oriented mineral grains. Pegma

tite and alaskite locally occur in layers and lenses parallel to 

foliation. 

Precambrian foliation has a mylonitic character in several lo

calities, especially where it has been overprinted by Tertiary mylonitic 

fagric; however, an anomalous mylonitic fabric occurs in a few exposures 

of Komatke Granite on the west end of Main Ridge. This mylonitic fabric 

dips gently to the south and contains a southeast-plunging lineation. 

The orientation and physical characteristics of this lineation are quite 

unlike those of lineations formed during Tertiary mylonitization. The 

age of the anomalous mylonitic fabric is unknown but may be Precambrian. 
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Orientation 

Crystalloblastic foliation formed by Precambrian deformation has 

a variable orientation when viewed over the entire South Mountains but 

has definite preferred orientations within smaller areas or domains. 

For the purposes of this discussion, the Precambrian terrane has been 

subdivided into the following five domains: 

1) eastern Alta Ridge and North Ridge; 

2) western Alta Ridge; 

3) Main Ridge; 

4) western Southern Foothills; and 

5) Boundary Hills and Pima Ridge. 

Orientations of crystalloblastic foliation within each domain are de

picted stereographically in Figures 34 to 42 (see also Table 4). 

Domain 1: Eastern Alta Ridge and North Ridge. Crystalloblastic 

foliation in this area generally strikes east-northeast to northeast and 

dips to the south at 40-90° (Figure 34). It less commonly strikes north

west and dips moderately to the southwest; foliation with this orienta

tion, although crystalloblastic in appearance, is suspiciously subparal

lel to nearby Tertiary mylonitic foliation. This coincidence of 

southwest-dipping mylonitic and crystalloblastic foliation is displayed 

in Figure 35. This figure also documents the extreme discordance be

tween mylonitic foliation and most crystalloblastic foliation. Crystal

loblastic foliation with steep dips and northeast or east-northeast 

strikes evidently represents the original Precambrian orientation, where

as more gently dipping attitudes probably are the result of reorientation 
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Table 4. Modal orientation of crysta110blastic foliation in Precambrian 
domains. 

NUMBER OF 
FIGURE NUMBER PRECAMBRIAN DOMAIN MODAL FOLIATION READINGS 

16 1 N 66° E, 66°SE 59 

18 2 N 70° W, 74°S 41 

19 3 N 85° E, 90° 61 

21 4 N 28° E, 35°W 34 

23 5 N 37° E, 90° 25 
N 45° E, 75°NW 



N 

n=59 
1,2.5,5,7.5% 

Figure 34. Contoured equal-area plot of poles to crystalloblastic 
foliation in Precambrian domain 1 - eastern Alta Ridge 
and North Ridge. 

Figure 35. Contoured equal-area plot of poles to both types of 
foliation in Precambrian domains 1 and 2 - Alta and North 
Ridges.-- Crystalloblastic and mylonitic foliations are 
represented by vertically and horizontally lined areas, 
respectively. 
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n=41 
1,5,10,15% 

Figure 36. Contoured equal-area plot of poles to crysta11ob1astic 
foliation in Precambrian domain 2 - western Alta Ridge. 
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n=61 
1,5,10% 

Figure 37. Contoured equal-area plot of poles to crystalloblastic 
foliation in Precambrian domain 3 - Main Ridge. 

Figure 38. Contoured equal-area plot of poles to both types of 
foliation in Precambrian domain 3 - Main Ridge.-- Crystal
loblastic and mylonitic foliations are represented by 
vertically and horizontally lined areas, respectively. 
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1,5,10,15% 

Figure 39. Contoured equal-area plot of poles to crystalloblastic 
foliation in Precambrian domain 4 - western Southern 
Foothills. 

Figure 40. Contoured equal-area plot of poles to both types of 
foliation in Precambrian domain 4 - western Southern 
Foothills.-- Crystalloblastic and mylonitic foliations 
are represented by vertically and horizontally lined 
areas, respectively. 
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~+ 
D 

n=25 
1,10,15% 

Figure 41. Contoured equal-area plot of poles to crystalloblastic 
foliation in Precambrian domain 5 - Boundary Hills and 
Pima Ridge. 

N 

Figure 42. Contoured equal-area plot of both types of foliation in 
Precambrian domain 5 - Boundary Hills and Pima Ridge.-
Crystal1ob1astic and mylonitic foliations are represented 
by vertically and horizontally lined areas, respectively. 
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of original crystalloblastic foliation during Tertiary mylonitization. 

This reoriented foliation has largely retained its crystalloblastic 

appearance. 

Domain 2: Western Alta Ridge. Orientations of crystalloblastic 

foliation in the western half of Alta Ridge (Figure 36) are slightly 

different from those of domain 1. Foliation in domain 2 generally 

strikes west-northwest and dips steeply or moderately to the south. 

The strike gradually changes from east-west in eastern parts of the do

main to northwest in westernmost parts (Figure 6). This change in 

strike may reflect more than one Precambrian deformational event or sim

ply variability of a single event. It is equally possible that the 

change is due to large-scale drag folding adjacent to an unexposed 

strike-slip fault beneath the Gila River. 

Domain 3: Main Ridge. The orientation of crystalloblastic foli

ation in Precambrian rocks of Main Ridge is more uniform (Figure 37). 

Foliation in Estrella Gneiss and Komatke Granite usually strikes east

west to northeast and dips steeply to the south. Strike of foliation is 

northeast in eastern exposures and more westerly in westernmost expo

sures; this systematic variation in strike is similar to that displayed 

on Alta Ridge in domain 2. More gently dipping crystalloblastic folia

tion is present in areas that have been affected by Tertiary myloniti

zation (Figure 38). 

Domain 4: Western Southern Foothills. Crystalloblastic foli

ation in this area strikes northeast or northwest and dips to the west 
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at moderate to gentle angles (Figure 39). This orientation is subcon

cordant to nearby Tertiary mylonitic foliation in the domain (Figure 

40). It is likely that Tertiary mylonitization is largely responsible 

for the relatively gentle dips of the crystalloblastic foliation. 

Domain 5: Boundary Hills and Pima Ridge. Crystalloblastic fo

liation in the Boundary Hills and Pima Ridge strikes northeast and is 

near vertical or moderately dipping (Figure 41). Southeast and north

west dips occur in approximately equal abundance. Most of the gently 

dipping attitudes are probably due to Tertiary mylonitization (Figure 

42). 

Summary of Orientation. Crystalloblastic foliation displays 

extreme variability in orientation between the five domains. Most of 

this variability is probably due to the superposition of Tertiary mylon

itic fabric on the original Precambrian orientations. In many areas, 

the older crystalloblastic foliation was rotated, broadly folded, and 

transposed during mylonitization. The original east-northeast to west

northwest strike of crystalloblastic foliation is largely preserved in 

exposures where the foliation dips 60° or more (Figure 43). The cause 

of the progressive change to more westerly strikes along the western 

end of the range is unresolvable from available information. 

Age 

The age of crystalloblastic foliation cannot be directly estab

lished in the South Mountains but can be reasonably inferred by 
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Figure 43. Strike-frequency diagram of crystalloblastic foliation 
that dips 60 degrees or more. 
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consideration of regional relationships. In the South Mountains, foli-

ation was formed during one or more episodes of deformation and meta-

morphism that affected Estrella Gneiss and Komatke Granite. Komatke 

Granite may be synkinematic because it discordantly intrudes some crys-

talloblastic foliation, yet is itself foliated. Development of folia-

tion in both rock units predated emplacement of all middle Tertiary 

intrusions. 

The age of crystalloblastic foliation can be further constrained 

by correlating fabrics in the South Mountains to those elsewhere in cen-

tral and western Arizona. Crystalloblastic foliation in the South Moun-

tains is similar in physical character, structural style, and orienta-

tion to fabrics preserved in Precambrian terranes throughout central and 

western Arizona. Where they have been dated, deformation and concurrent 

metamorphism occurred in the middle Proterozoic, approximately 1.6-1.7 

b.y. ago. (Anderson and Silver, 1976). Also, steep crystalloblastic 

foliation in the South Mountains is unlike any Phanerozoic fabric in 

Arizona. All evidence indicates that the foliation is Precambrian. 

Kinematics and Conditions 
of Metamorphism 

There currently is some uncertainty regarding the formation of 

crystalloblastic foliation throughout Precambrian terranes of central 

Arizona (DeWitt, personal communication, 1981). Unfortunately, data 

from the South Mountains provide little insight into the problem. Crys-

talloblastic foliation in the range is probably a transposition foliation 

that has disrupted any original sedimentary and igneous layering in the 

rocks. It is probable that such original layering would have responded 
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passively to synmetamorphic deformation and would have been greatly at-

tenuated by isoclinal folding. However, there are few recognizable 

synmetamorphic folds preserved in the gneiss. In addition, many folds 

in the gneiss are the result of Tertiary mylonitization. Superposition 

of the two styles of deformation makes interpretation of observed folds 

difficult. Some synmetamorphic folds plunge moderately to the south

west, but it is unclear whether this orientation is original or the re

sult of rotation during mylonitization or arching. 

There are at least two options for the origin of the regional 

crystalloblastic foliation. One possibility is that steep northeast

striking foliation was formed by northwest-southeast flattening in re

sponse to extreme northwest-southeast-directed compression. A second 

possibility is that the foliation was formed by layer-parallel shear 

along the northeast-striking foliation. Such an origin might explain 

the local presence of steep crystalloblastic foliation that has norther

ly strikes. These foliation orientations might represent sheared-out 

middle limbs of large, steeply plunging folds. However, documenting the 

existence of such folds might prove very difficult in high-grade meta

morphic rocks. 

Precambrian deformation occurred under amphibolite-facies condi

tions. Minerals in gneissic rocks include, from place to place, plagio

clase, orthoclase, quartz, hornblende, biotite, muscovite, garnet, and 

diopside (Avedisian, 1966). In addition, some mica schists contain sil

limanite and cordierite. Accessory minerals include apatite, rutile, 

sphene, and magnetite. Avedisian reported the presence of hypersthene 
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in some western exposures of the gneiss, but this has not been verified 

by the present study. In order to explain the presence of hypersthene, 

Avedisian suggested that metamorphism in the western half of the range 

occurred under granulite-facies conditions. However, the metamorphic 

assemblages are indicative of amphibolite facies throughout the range. 

Middle Tertiary Igneous Structures 

Emplacement of middle Tertiary intrusions was accompanied by 

formation of a variety of structures. The largest structures are those 

that evidently controlled emplacement of South Mountains Granodiorite 

an~ Telegraph Pass Granite. Smaller structures include systematically 

oriented ap1ites and fractures in granite and granodiorite. Emplacement 

of the main plutons was followed by intrusion of numerous middle Tertiary 

dikes and sills. The consistent north-northwest trend of the dikes, ap-

lites, and fractures probably reflects a consistent strain environment 

during the entire episode of middle Tertiary plutonism (Table 5). 

South Mountains Granodiorite 
and Telegraph Pass Granite 

Emplacement of South Mountains Granodiorite and Telegraph Pass 

Granite was strongly controlled by north-northwest-trending structures 

that formed before or during intrusion. For example, the granite is a 

north-northwest-trending, dike-like body whose upper parts flatten out 

to the east over South Mountains Granodiorite. Geometry of the contact, 

in conjunction with field observations, indicates that the granite was 

emplaced along a north-northwest-trending zone of dilation that is over 

six kilometers long (Figures 7,8,9). On a smaller scale, 
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Table 5. Modal and mean orientations of middle Tertiary igneous 
structures. 

FIGURE 
NUMBER 

26 

27 

28 

29 

30 

31 

32 

34 

TYPE OF STRUCTURE 

Strike of aplites in South 
Mountains Granodiorite 

Strike of mineralized frac
tures in Telegraph Pass 
Granite 

Strike of mineralized frac
tures in granodiorite and 
granite in Southern Foothills 

Strike of mineralized frac
tures in Dobbins Alaskite 

Trend of dikes in western 
dike swarm 

Trend of dikes in eastern 
dike swarm 

Trend of dikes in both 
dike swarms 

Trend of microdiorite dikes 

NUMBER OF 
MEAN MODE READINGS 

N 30° W 68 

N 25° W N 20° W 125 

N 29° W N 30° W 20 

N 30-35° W 94 

N 32 ° W N 30-35 ° W 164 

N 31° W N 30-35° W 258 

N 33° W 60 



north-northwest-trending apophyses of granite and granodiorite extend 

outward from the main plutons. 
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Aplite dikes are common in both granodiorite and granite. Cur

rent models for the origin of aplites indicate that aplites form in 

fractures that develop during the late stage of magmatic crystalliza

tion (Jahns and Burnam, 1969). Therefore, aplites provide a means for 

evaluating the late-magmatic deformational history of the plutonic host 

rock. 

Most aplites in South Mountains Granodiorite strike north

northwest and are steeply dipping (Figure 44). Nearly 90% of all meas

ured aplites have strikes between N 10 0 Wand N 40 0 W. Systematic ori

entation of aplites demonstrates that north-northwest-striking fractures 

were opening during late-crystallization history of the 28-25 m.y.-old 

granodiorite. Aplite orientations in adjacent Telegraph Pass Granite 

have not been studied in detail but appear to be similar. The granite 

and granodiorite presumably have the same late-magmatic fracturing his

tory, because they are semi contemporaneous phases of a single middle 

Tertiary pluton. 

South Mountains Granodiorite and Telegraph Pass Granite are dis

sected by numerous hydrothermally altered and mineralized fractures (Fig

ures 45 and 46). Most fractures are quite planar and are accompanied by 

limonite, pyrite, minor amounts of copper minerals, and locally intense 

argillic and sericitic alteration. These characteristics distinguish 

this suite of fractures from the curvi-planar, anastomosing fractures 

that are associated with chloritic breccia. Hydrothermally altered and 
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Figure 44. Strike-frequency diagram of aplite dikes in South Mountains 
Granodiorite. 
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Figure 45. Strike-frequency diagram of mineralized fractures in 
Telegraph Pass Granite near Telegraph Pass. 



Figure 46. Photograph of mineralized fractures in Telegraph Pass 
Granite west of Telegraph Pass. -- Fractures have a 
north-northwest strike. 
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mineralized fractures are most abundant near the contact between the 

granite and granodiorite. They are common near Telegraph Pass, along 

the eastern end of Alta Ridge, and in many parts of the Southern 

Foothills. 
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Field relationships indicate that the fractures formed shortly 

after crystallization of the 28-25 m.y.-old plutonic host rocks. The 

fractures have been discordantly intruded by dikes that are only slight

ly younger than the granite and granodiorite. Also, the fractures are 

associated with types of alteration and mineralization that are charac

teristic of the late-magmatic hydrothermal regime (see following section 

on Economic Geology). All data support the conclusion that the frac

tures formed during post-crystallization cooling of the granite and 

granodiorite. 

Mineralized fractures in the granite and granodiorite usually 

strike north-northwest and dip steeply, although gentle dips are also 

common. A strike-rosette diagram of 125 steep fractures in Telegraph 

Pass Granite documents the predominance of north-northwest strikes (Fig

ure 45). The fractures were also noted by Avedisian (1966) who reported 

that "primary jointing" in the granite strikes N 28 0 Wand dips vertic

ally. Although not studied in detail, fractures cutting the granodio

rite near Telegraph Pass have similar orientations. Fractures in the 

granodiorite and granite within the Southern Foothills also strike 

north-northwest (Figure 47). Mineralized fractures in alaskite have 

similar strikes (Figure 48). 
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Figure 47. Strike-frequency diagram of mineralized fractures in South 
Mountains Granodiorite and Telegraph Pass Granite in 
Southern Foothills. 

W~----__ ~ ______ ~ ______ ~ ______ -JE 
n=13 

Figure 48. Strike-frequency diagram of mineralized fractures in 
Dobbins Alaskite. 
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Dikes and Sills 

Telegraph Pass Granite, South Mountains Granodiorite, and 

Estrella Gneiss have been intruded by numerous intermediate to felsic 

dikes and sills. The dikes and sills generally have sharp planar con

tacts with their host rocks. They are only slightly younger than the 

granodiorite and granite, which suggests that they were emplaced along 

fractures that were opening during intrusion. The dikes adhere to a 

remarkably consistent north-northwest trend throughout the range. 

Trend-rosette diagrams for the dikes have been constructed by measuring 

the overall trend of 1000 ft segments of each dike. These diagrams 

document a predominance of north-northwest trends for both the western 

and eastern dike swarms (Figures 49 and 50). A composite trend-rosette 

diagram for both dike swarms further emphasizes the uniformity in trend 

(Figure 51). A conventional histogram of the same data displays a sym

metrical distribution around the N 31° W mean trend (Figure 52). The 

total number of 1000 ft segments in this data is 258, representing a 

combined trend length of over a quarter of a million feet (79 km). The 

magnitude of this value emphasizes the abundance and continuity of the 

dikes. Microdiorite dikes (not included on earlier photos) have a simi

lar N 30° W modal trend (Figure 53). 

Kinematics 

All igneous structures have a systematic north-northwest trend. 

The granite and granodiorite were emplaced along a north-northwest

trending zone of dilation. Aplites and dikes filled north-northwest

striking fractures that formed soon after emplacement of the plutons. 
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Figure 49. Trend-frequency diagram of dikes in western dike swarm. 
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Figure 50. Trend-frequency diagram of dikes in eastern dike swarm. 
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W~~ ____ ~ ____ ~~ ____ ~ ____ ~~E 

Figure 51. Trend-frequency diagram of dikes in both dike swarms. 

W 

Figure 52. Histogram of trend of dikes in both dike swarms. 
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Figure 53. Trend-frequency diagram of microdiorite dikes. 
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They fill fractures that show no evidence of lateral shear. North

northwest-striking, altered and mineralized fractures in the granite and 

granodiorite appear to be simple extension features. The fractures, 

dikes, and aplites are most readily interpreted as being formed by east

northeast west-southwest extensional strain. Such an extensional origin 

is compatible with evidence from elsewhere in Arizona for east-northeast 

extension during the Middle Tertiary (Rehrig and Heidrick, 1976; Banks, 

1980; Davis, 1980). 

Mylonitic Deformation 

Rocks throughout much of the range have been subjected to vari

able amounts of Tertiary mylonitic deformation. Mylonitic fabrics occur 

in nearly all areas of the eastern half of the range but are less abun

dant in the western half. Mylonitization has, at one place or another, 

affected Estrella Gneiss, Komatke Granite, South Mountains Granodiorite, 

Telegraph Pass Granite, Dobbins Alaskite, and many dikes and sills (Fig

ure 54). Complete gradations can be observed between undeformed and ex

tremely mylonitized rocks. Tertiary plutonic rocks are undeformed in 

structurally low exposures but become progressively more mylonitic up

ward. Mylonitic fabric cuts through Estrella Gneiss as a broad zone 

that dips 30° to the west. Gneiss above and below the zone is less my

lonitic and largely retains its original steep crystalloblastic 

foliation. 

Mylonitization produced a gently to moderately dipping foliation 

and a conspicuous lineation that consistently trends east-northeast. My

lonitic fabrics cut a diversity of older structures, including 
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Figure 54. Photograph of low-angle mylonitic foliation in Estrella 
Gneiss and light-colored Tertiary sill. -- View is toward 
the west. 
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Precambrian crystalloblastic foliation and Tertiary igneous structures 

discussed in the preceeding section. Mylonitization was locally accompa

nied by the formation of tension gashes, pinch-and-swell structures, 

normal faults, and several types of folds. 

Character 

Mylonitization has produced characteristic fabrics that are 

equally apparent at mesoscopic and microscopic scales of observation. 

The most important fabric elements are foliation, lineation, and small

scale extensional features such as tension gashes. Mylonitization was 

us~ally accompanied by a decrease in overall grain size by a combination 

of comminution, recrystallization, and neomineralization (these terms 

are discussed by Higgins, 1971). The relative importance of these pro

cesses varies for different minerals and rock types. Variations in 

mesoscopic and microscopic appearances are primarily due to differences 

in original mineralogy of the protolith and to differences in degree of 

deformation. Specifically, quartz content of the protolith had a pro

found influence on the degree to which mylonitic fabric was developed. 

As a result, mylonitic fabric is most easily recognized in quartz-rich 

rocks or in rocks that have a bimodal grain size. It is less obvious 

in amphibolite and mica schist of Estrella Gneiss. 

Foliation. Mylonitic rocks display a distinctive, lenticular 

foliation that is primarily defined by lens- or blade-like mineral aggre

gates (Figures 22,23,25,26,27). Individual mineral aggregates range in 

thickness from fractions of a millimeter to several centimeters. They 
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may be monomineralic or polymineralic, depending on rock type. Color 

banding is locally present due to an interlayering of light- and dark

colored lenses. For example, light-colored lenses or quartz and alkali 

feldspar are commonly interlayered with darker lenses composed of epi

dote, plagioclase, and biotite. Some lenticular mineral aggregates are 

"draped" around feldspar porphyroclasts, producing classic flaser struc

ture. In addition, many porphyroclasts of biotite and feldspar have 

become lens-shaped through comminution and strain-induced 

recrystallization. 

Foliation is also partly a consequence of parallel orientation 

of platey minerals such as biotite, muscovite, and chlorite. Foliation 

is also defined by small-scale variations in grain size of porphyro

clast content. Medium-grained, moderately deformed rocks usually con

tain thin bands of finer grained, intensely deformed rock. In many 

cases, these differences in grain size reflect differences in degree of 

deformation. Clearly, strain-induced reduction of grain size has been 

nonuniform, even within a single protolith. 

Lineation. A well-defined lineation accompanies foliation in 

virtually all mylonitic rocks of the South Mountains (Figure 55). Linea

tion is largely defined by rod- or blade-like aggregates of quartz and 

feldspar. These aggregates have a distinctive "smeared-out" appearance 

that imparts a streaky aspect to foliation surfaces. Individual quartz 

and feldspar aggregates commonly display delicate lineations that re

semble small-scale striations. Lineation is also defined by discontin

uous trains of feldspar, biotite, and hornblende porphyroclasts. Larger 
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Figure 55. Photograph of mylonitic lineation in middle Tertiary dike. 
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porphyroclasts are flanked by crush trails of small angular fragments 

that are "strung out" in the direction of lineation. In some plutonic 

rock types, crush trails of biotite appear as black streaks in an other

wise light-colored rock, thereby greatly accentuating the lineation di

rection. Lineation is also accentuated by aligned prismatic minerals 

such as epidote and hornblende. In some cases, the prismatic crystals 

have grown during mylonitization. In other cases, prismatic crystals 

originally present in the protolith may have been rotated or extended 

into the lineation direction. 

Lineation, like foliation, is best displayed in quartz-rich 

rocks. In some quartz-rich plutonic rocks, lineation is more pronounced 

than the accompanying foliation and consists of numerous, small quartz 

rods or "toothpicks." 

Gash Fractures. Lenticular gash fractures or veins are common 

in most mylonitic rocks. Individual gash fractures range in length from 

less than 1 to over 10 cm. Nearly all are oriented perpendicular to 

lineation. The fractures are predominantly filled with quartz, although 

epidote, chlorite, and other minerals are also common. In some gash 

fractures there is a clear relationship between mineralogy of the vein 

and mineralogy of the adjacent wall-rock layers. For example, a single 

fracture may contain only quartz where it is enclosed within quartz-rich 

layers but contain epidote in addition to quartz where it is enclosed in 

plagioclase-rich layers. Some gash fractures in mylonitic amphibolite 

are composed of chlorite and quartz where they cut biotite- or amphibole

rich layers. Such dependence of gash-fracture mineralogy on host-rock 
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lithology indicates that vein material is locally derived. In other 

words, the opening fracture was filled with chemical constituents de

rived from the immediately adjacent layer. Also, some minerals in the 

vein are actually fragments of the adjacent wall rocks. Some sphene 

fragments are aligned in ghost-like layers that provide a discontinuous 

link between sphene-rich layers on opposite sides of the vein. The con

tinuity of these ghost-like layers with their wall-rock sources implies 

a purely extensional origin for the gash fractures. An extensional 

origin is further suggested by the observation that individual layers on 

either side of the vein are not offset. Where offsets are present, they 

have a normal sense of displacement. 

Pinch-and-swell Structures. Most mylonitic rocks of the range 

also contain pinch-and-swell structures that produce a series of small

scale gentle warps in the mylonitic foliation. The axes of the warps 

trend north-northwest, perpendicular to the trend of lineation. Pinch

and-swell structures are most common in mylonitic rocks derived from 

heterogeneous lithologies such as Estrella Gneiss. Low-angle normal 

faults of a ductile aspect are associated with some pinch-and-swell 

structures. These faults are slightly discordant to the overall orien

tation of mylonitic foliation. As a consequence, foliation near the 

faults is dragged into subparallelism with the orientation of the faults. 

The resulting drag folds indicate normal slip. The zones of normal 

faulting contain lineation parallel to that in adjacent mylonitic rocks. 

Microscopic drape features are essentially small-scale analogs 

of mesoscopic pinch-and-swell structures. These are characterized by 
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draping of lenticular mineral aggregates around brittlely deformed por

phyroclasts of plagioclase and other minerals. Each drape feature was 

flattened around a strain-resistant porphyroclast. Wedge-shaped pres

sure shadows of quartz, chlorite, and epidote occur beside some plagio

clase porphyroclasts. Most pressure shadows are symmetrical with re

spect to the porphyroclast, which suggests that no significant rotation 

of the porphyroclast has occurred. In contrast, some pressure shadows 

are somawhat asymmetrical. For example, a porphyroclast may have a 

pressure shadow beside its top half on one side and beside its bottom 

half on the opposite side. The presence of asymmetrical pressure shad

ows implies that there has been some rotation of the porphyroclast. 

Folds. Mylonitic rocks of the South Mountains contain few folds. 

Except for gentle warps, not a single fold has been observed in either 

mylonitic South Mountains Granodiorite or Telegraph Pass Granite. A few 

tight folds have been noted in mylonitic Estrella Gneiss. These folds 

have amplitudes of less than 10 cm and are asymmetrical with their axes 

aligned parallel to lineation. It is uncertain whether the folds have a 

uniform direction of overturning such as has been observed by G. A. 

Davis (personal communication, 1981) for analogous folds in the Whipple 

Mountains of southeastern California. 

Another type of fold is locally associated with mylonitic Es

trella Gneiss. These folds occur where older steep foliation of the 

gneiss is cut by discrete zones of younger mylonitic fabric (Figure 56). 

They fold crystalloblastic foliation in the gneiss and are flexural folds 

with interlimb angles between 60 and 150°. Their axial surfaces are 
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Figure 56. Photograph of low-angle mylonitic foliation cutting steep 
crystalloblastic foliation in Precambrian Estrella Gneiss. 
-- Folds in photograph have their axes aligned parallel to 
mylonitic lineation. 
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sub concordant to gently dipping, mylonitic foliation and their axes are 

subparallel to mylonitic lineation. In fact, mylonitic lineation is 

well developed on the hinges of some folds. 

Another variety of fold occurs in areas where steep crystallo-

blastic foliation in Estrella Gneiss has been overprinted by steep my

lonitic foliation. This relationship is most common on Entrance Ridge 

and in the Southern Foothills. Outcrops in these areas contain a steep 

composite foliation and numerous passive-flow folds with complex geom

etries. This unusual style of folding was produced because mylonitiza-

tion took advantage of pre-existing crystalloblastic foliation instead 

of forming a new discordant foliation. 

Orientation 

Throughout the South Mountains, mylonitic lineation consistently 

trends east-northeast. In contrast, mylonitic foliation varies markedly 

in orientation from one area to another. Overall, the attitude of fo-

liation defines the large, doubly plunging South Mountains anticline 

that trends N 60 0 E-S 60 0 W, parallel to the topographic axis of the 

range (Figures 6 and 7). The anticline is accompanied by several small-

er amplitude synclines and structural terraces. Mylonitic foliation 

generally has dips of 30° or less on the flanks of the major structures, 

but steeper dips are common along the southwestern nose of the South 

Mountains anticline. The orientation of mylonitic fabric is discussed 

separately for each major rock type (Table 6). 

Precambrian Rocks. The orientation of mylonitic fabric in Pre-

cambrian rocks varies between different areas or domains. The attitudes 



Table 6. 
FIGURE 
NUMBER 

35 

36 

37 

38 

39 

40 

41* 

42 

43* 

44* 

45* 

47 

48 

49* 

Modal and mean orientations of mylonitic fabric 

ROCK TYPE AND AREA 
All Precambrian domains 

Precambrian domains 1 and 2 

Precambrian domain 3 

Precambrian domain 4 

Precambrian domain 5 

Precambrian rocks of central 
Southern Foothills 

All Precambrian domains 

All Precambrian domains 

Precambrian rocks in Alta Ridg~ 

Precambrian rocks in Main Ridge 

Precambrian rocks in Southern 
Foothills 

South Mountains Granodiorite 

Brecciated South Mountains 
Granodiorite 

South Mountains Granodiorite 
in Main and Alta Ridges 

MODAL FOLIATION 
N 22° W, 32°SW 

N 28° w, 400SW 

N 84° W, 26°S 

N 20° W, 300W 

N 25-70° E, 
35-45°NW 

N 45° W, 25°SW 

N 53° w, 12° NE 

N 16° W, l4°sW 

MODAL LINEATION 

40°, S 85° W 

25°, S 63° W 

35°, S 60° W 

0°, S 60° W 

25°, S 60° W 

N 60° E 

28°, S 60° W 

N 60° E 

N 70° E 

N 60° E 

N 60° E 

MEAN 
LINEATION 

N 66° E 

N 71° E 

N 61° E 

N 64° E 

N 60° E 

NUMBER OF 
READINGS 

III 

27 

45 

26 

13 

13 

133 

124 

38 

43 

52 

92 

27 

137 
..... 
""" ..... 



Table 6--Continued 
FIGURE 
NUMBER 

50* 

51 

ROCK TYPE AND AREA 
South Mountains Granodiorite 
in Southern Foothills 

South Mountains Granodiorite 

52* Brecciated South Mountains 
Granodiorite 

53 Brecciated South Mountains 
Granodiorite 

54 

55* 

56* 

57* 

58 

59 

Telegraph Pass Granite and 
Dobbins Alaskite 

Telegraph Pass Granite 

Dobbins Alaskite 

Mylonitic gneiss and schist 

All dikes and sills 

North-northwest-trending dikes 

60 Sills and dikes with trends 
other than north-northwest 

61* All dikes and sills 

62* Deformed inclusions 

MODAL FOLIATION 

N 35° E, 20 0 NW 

N 20° W, 25°W 

N 20° W, 25°W 

subhorizontal 

MEAN 
MODAL LINEATION LINEATION 

N 60° E N 60° E 

10°, N 62° E 

N 60° E 

15°, S 55° W 

6°, S 60° W 

N 60° E 

N 60° E 

N 60-65° E 

O-lOg, N 60~ E 
0-30 , S 60 W 

7°, N 61° E 
25°, S 60° W 

10-15°, S 60° W 

N 60° E 

N 60° E 

N 61° E 

N 58° E 

N 61° E 

N 60° E 

N 61° E 

N 61° E 
*Indicates trend-frequency diagram, all other figures are equal-area plots. 

NUMBER OF 
READINGS 

44 

28 

26 

26 

22 

36 

25 

11 

58 

36 

22 

60 

17 I-' 
~ 
N 
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of mylonitic foliation define the southwest nose of the South Mountains 

anticline that plunges approximately 30° to the west-southwest. The 

anticline is clearly visible in the field, from the air, or on the ge

ologic map. A pole-density diagram for mylonitic foliation in Precam

brian rocks indicates that foliations have gentle to moderate dips but 

hibhly variable strikes (Figure 57). A weakly developed, northwest

trending girdle on the diagram reflects the geometry of the plunging 

anticline. The modal attitude of foliation (N 22° W, 30 0 SW) represents 

the southwest-plunging nose of the fold. Pole-density diagrams for my

lonitic foliation in each Precambrian domain are given in Figures 58 to 

62 (Table 6). The plots are similar to one another in displaying a pre

dominance of southwest-dipping foliation. An exception to this pattern 

occurs on Pima Ridge where mylonitic foliation dips moderately to the 

northwest (Figure 61). This orientation is roughly concordant to the 

attitude of middle Tertiary sills that intrude the Precambrian rocks and 

to mylonitic foliation within the sills. The orientation of mylonitic 

foliation in the Precambrian rocks in this area evidently was influenced 

by the presence of the sills. 

The orientation of mylonitic lineation is more consistent, but 

variations between areas still exist. A trend-frequency diagram for 

lineation in all Precambrian domains exhibits a prominent N 60° E-S 60° W 

trend (Figure 63). A stereoplot of the same data yields a modal linea

tion direction of 28°, S 60° W (Figure 64). A weak northeast-trending 

girdle on the plot indicates that lineation has a consistent trend, 

irrespective of the attitude of the associated foliation. There is, 
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Figure 57. Contoured equal-area plot of poles to mylonitic foliation 
in all Precambrian domains. 
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Figure 58. Contoured equal-area plot of mylonitic fabric in Precambrian 
domains 1 and 2 - Alta and North Ridges.-- Solid contours 
represent poles to foliation; dashed contours represent 
lineation. 
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Figure 59. Contoured equal-area plot of mylonitic fabric in Precambrian 
domain 3 - Main Ridge.-- Solid contours represent poles to 
foliation; dashed contours represent lineation. 

N 
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1,10,20% lineation 

Figure 60. Contoured equal-area plot of mylonitic fabric in Precambrian 
domain 4 - western Southern Foothills.-- Solid contours 
represent poles to foliation; dashed contours represent 
lineation. 
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Figure 61. Contoured equal-area plot of mylonitic fabric in Precambrian 
domain 5 - Boundary Hills and Pima Ridge.-- Solid contours 
represent poles to foliation; dashed contours represent 
lineation. 
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Figure 62. Contoured equal-area plot of mylonitic fabric in Precambrian 
rocks in the central Southern Foothills.-- Solid contours 
represent poles to foliation; dashed contours represent 
lineation. 
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Figure 63. Trend-frequency diagram of mylonitic lineation in all 
Precambrian domains. 
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Figure 64. Contoured equal-area plot of mylonitic lineation in all 
Precambrian domains. 
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Figure 65. Trend-frequency diagram of mylonitic lineation in Precambrian 
rocks in Alta Ridge. 
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Figure 66. Trend-frequency diagram of mylonitic lineation in Precambrian 
rocks in Main Ridge. 
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Figure 67. Trend-frequency diagram of mylonitic lineation in 
Precambrian rocks in Southern Foothills. 
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however, significant variation between different domains (Figures 58-62, 

65-67). East-west-trending lineation is most common Alta and Main Ridge 

Ridges (Figures 65 and 66) but not in the Southern Foothills (Figure 

67). The relative abundance of east-west trends in the northern domains 

may have been caused by east-west strikes of Precambrian crystalloblas

tic foliation that were present prior to mylonitization. In other 

words, east-west-trending lineation formed because the rocks had a pre

existing inhomogeneity in this direction. 

Mylonitization was accompanied in some areas by folding of Pre

cambrian crystalloblastic foliation. The axes of these folds are gen

erally aligned parallel to mylonitic lineation (Figure 68). Axial sur

faces of the folds are sub concordant to mylonitic foliation. 

South Mountains Granodiorite. The orientation of mylonitic fab

ric is more systematic in middle Tertiary South Mountains Granodiorite 

than it is in Precambrian rocks. The attitude of mylonitic foliation 

in granodiorite defines the east-northeast-trending South Mountains an

ticline. In addition, at least one smaller amplitude structural terrace 

parallels the axis of the main anticline. Both structures are relatively 

broad features, with most foliation dipping less than 30°. A stereoplot 

of foliation in the central part of the range displays a strong maximum 

that represents a northwest strike and 12° dip to the northeast (Figure 

69). This orientation of foliation is most common along the crest of 

the anticline; the 12° dip approximates the overall plunge of the struc

ture. The broad anticline is reflected on the stereoplot by a weakly 

developed, northwest-trending alignment or girdle. 
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Figure 68. Trend-frequency diagram of fold axes in mylonitically 
deformed Precambrian rocks. 
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Figure 69. Contoured equal-area plot of poles to mylonitic foliation 
in South Mountains Granodiorite in central part of Main 
Ridge. 
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Measurements on mylonitic foliation in brecciated and chloritic 

granodiorite along the northeast end of the range are not included on 

Figure 69. Foliation in this area has anomalous southwest dips due to 

rotation that accompanied formation of the chloritic breccia (Figure 

70). 

Lineation in the granodiorite has a dominant N 60° E-S 60° W 

trend (Figures 71 and 72). A stereoplot of lineation in a representa

tive area of granodiorite displays a strong, 50% point maximum at 10°, 

N 62° E (Figure 73). Lineation in brecciated and rotated granodiorite 

has more scatter in trend but exhibits a strong maximum at 15°, S 55° W 

(Figures 74 and 75). 

Telegraph Pass Granite and Dobbins Alaskite. Mylonitic fabric 

is locally well developed in Telegraph Pass Granite and Dobbins Alaskite. 

Foliation in granite and alaskite generally dips less than 40° (Figure 

76). Lineation in both rock types is very consistent in trend, with 

nearly 50% of all measurements being within several degrees of N 60° E

S 60° W (Figures 77 and 78). This consistency may reflect the synkine

matic nature of the intrusions. 

Mylonitic Gneiss and Schist. Foliation in mylonitic gneiss and 

schist is usually subhorizontal. Lineation in these highly deformed 

rocks has a predominant N 60° E trend (Figure 79). North-northwest

striking, ductile normal faults are present in a number of exposures, 

along with abundant pinch-and-swell structures. 
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Figure 70. Contoured equal-area plot of poles to mylonitic foliation 
in brecciated South Mountains Granodiorite on eastern end 
of Main Ridge. 
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Figure 71. Trend-frequency diagram of mylonitic lineation in South 
Mountains Granodiorite in Main and Alta Ridges. 
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Figure 72. Trend-frequency diagram of mylonitic lineation in South 
Mountains Granodiorite in Southern Foothills. 
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Figure 73. Contoured equal-area plot of mylonitic lineation in South 
Mountains Granodiorite in central part of Main Ridge. 
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Figure 74. Trend-frequency diagram of mylonitic lineation in brecciated 
South Mountains Granodiorite on eastern end of Main Ridge. 
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Figure 75. Contoured equal-area plot of mylonitic lineation in 
brecciated South Mountains Granodiorite on eastern end 
of Main Ridge. 
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Figure 76. Contoured equal-area plot of mylonitic fabric in Telegraph 
Pass Granite and Dobbins Alaskite.-- Solid contours 
represent poles to foliation; dashed contours represent 
lineation. 
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Figure 77. Trend-frequency diagram of mylonitic lineation in Telegraph 
Pass Granite. 
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Figure 78. Trend-frequency diagram of mylonitic lineation in Dobbins 
Alaskite. 
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Figure 79. Trend-frequency diagram of mylonitic lineation in mylonitic 
gneiss and schist. 
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Dikes and Sills. Mylonitic fabric is exceptionally well devel

oped in many dikes and sills. In some cases, mylonitic foliation is 

concordant with the margins of a dike or sill, whereas in others it is 

markedly discordant. Foliation is variable in strike but mostly dips 

less than 45° (Figure 80). There is essentially no difference in the 

attitude of foliation in north-northwest-trending dikes and that in flat 

sills or dikes of other trends (Figures 81 and 82). Lineation in the 

dikes and sills is consistent in trend with nearly 75% of all measured 

readings being within 10° of N 60° E (Figure 83). Trend of the linea

tion is totally independent of the orientation of foliation or the 

attitude of the dike or sill. 

Inclusions. Inclusions are locally abundant in South Mountains 

Granodiorite and Telegraph Pass Granite. Within undeformed rocks, they 

are more or less equant but highly angular. In strongly deformed rocks, 

they are elongated parallel to lineation and are flattened perpendicular 

to foliation. Long axes of the inclusions are aligned N 60° E-S 60° W 

(Figure 84). The average axial ratios of 20 inclusions are approxi

mately 9:3:1. Assuming that the inclusions started as spheres of unit 

radius, the axial ratios for deformed inclusions would be 3, 1, and 0.33. 

These calculations indicate that the long axes have been elongated an 

average of 3 times their original lengths, and that the short axes have 

been correspondingly flattened to one-third their original lengths. The 

length of the intermediate axis appears to have been unchanged by mylon

itization. Therefore, the deformation may be a plane strain. 
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Figure 80. Contoured equal-area plot of mylonitic fabric in dikes and 
s111s.-- Solid contours represent poles to foliation; dashed 
contours represent lineation. 
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Figure 81. Contoured equal-area plot of mylonitic fabric in north
northwest-trending dikes. -- Solid contours represent poles 
to foliation; dashed contours represent lineation. 
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Figure 82. Contoured equal-area plot of mylonitic fabric in sills and 
dikes with trends other than north-northwest.-- Solid 
contours represent poles to foliation; dashed contours 
represent lineation. 
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Figure 83. Trend-frequency diagram of mylonitic lineation in dikes and 
sills. 

N 
I 

W E 

Figure 84. Trend-frequency diagram of long axes of deformed inclusions 
in South Mountains Granodiorite and Telegraph Pass Granite. 
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Relationship to Pre-existing Structures 

Mylonitization has been superimposed on a variety of pre

existing structures. Mylonitic fabric commonly cuts discordantly across 

crystalloblastic foliation in Estrella Gneiss (Figure 56). In many ex

posures, steep crystalloblastic foliation is truncated at right angles 

by gently dipping mylonitic fabric. The boundary between the two fab

rics is locally knife-sharp without any deflection of either fabric. In 

other areas, crystalloblastic foliation has been rotated into parallel

ism with mylonitic foliation. On Entrance and Pima Ridges, mylonitic 

fabric has been overprinted concordantly onto steep crystalloblastic 

foliation. 

Mylonitization has also been superimposed over various middle 

Tertiary igneous features. For example, the contact between South Moun

tains Granodiorite and Telegraph Pass Granite is usually mylonitized to 

some degree. North of Telegraph Pass, the contact decreases in dip and 

becomes more mylonitic towards higher structural levels, which suggests 

that the contact has been flattened during mylonitization or that mylon

itization occurred preferentially along flat-lying segments of the con

tact. At least some of the changes in dip reflect the original geometry 

of emplacement because they occur where the contact is undeformed. 

North-northwest-striking aplite dikes within South Mountains 

Granodiorite and Telegraph Pass Granite have undergone the same amount 

of mylonitization as their plutonic host rock. Many steep aplite dikes 

have a well-developed mylonitic fabric but are not offset in a systematic 

direction. In strongly deformed rocks, aplites tend to dip more gently, 
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presumably as a result of extreme flattening. They do not dip consis

tently either southwest or northeast. 

Mylonitization has also affected many north-northwest-striking 

dikes and sills. Mylonitic foliation is variably discordant or concor

dant to margins of the dikes and sills. The margins are not offset, 

even where horizontal mylonitic fabric cuts a vertical dike. Some dikes 

decrease in dip as they become more mylonitic, possibly in response to 

increased flattening. As with the aplites, flattened dikes do not dip 

preferentially either southwest or northeast (Figure 80). In fact, 

adjacent dikes commonly dip in opposite directions. 

In many cases, strongly mylonitic dikes and sills occur within 

nonmylonitic country rocks. This is especially true of flat-lying 

andesitic sills that have intruded South Mountains Granodiorite. East 

of Mount Suppoa, one such sill branches upward into a near-vertical dike 

(Figure 85). Mylonitic foliations in the dike and sill are concordant 

and subhorizontal. The steep dike can be traced vertically for over 

50 m without any offset of its margins or any change in orientation. 

Kinematics 

The systematic orientation of structure implies that kinematics 

of mylonitization were consistent over the entire area. Mylonitic foli

ation has gentle dips that are partly a consequence of post

mylonitization arching. It is unknown whether or not all mylonitic foli

ation originally formed in a near-horizontal orientation. Lineation 

characteristically trends N 60° E, irrespective of the rock type or at

titude of mylonitic foliation. There is also an array of minor 



Figure 85. Sketch of relationship between mylonitic sill and dike 
east of Mount Suppoa.-- Sketch depicts a cross-section 
view looking north-northwest, parallel to the strike of 
the dike. Mylonitic foliation in the. sill and dike is 
shown by horizontal lines. The surrounding South Mount
ains Granodiorite is.undeformed. 
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structures that are geometrically coordinated with lineation. These 

structures provide information regarding the kinematics of mylonitiza

tion and amount of resulting strain. All strain indicators demonstrate 

that, during mylonitization, rocks were extended parallel to lineation 

and were flattened perpendicular to mylonitic foliation. 

Perhaps the best indication of the amount and type of strain are 

deformed inclusions within mylonitic granite and granodiorite. The in

clusions were approximately equant prior to mylonitization, and their 

present shapes therefore can be used to directly evaluate the total 

strain undergone by the rocks during mylonitization. The inclusions 

presently have their longest axes aligned parallel to lineation and 

their shortest axes oriented perpendicular to foliation. The shape of 

the deformed inclusions provides strong evidence that the rocks were ex

tended parallel to lineation and flattened perpendicular to foliation. 

Gash fractures, ductile normal faults. and other extensional 

features are rigorously oriented perpendicular to mylonitic lineation. 

The geometry of these features corroborates the strain environment re

vealed by deformed inclusions. A similar conclusion is reached by exam

ining folds that formed where mylonitization overprinted pre-existing 

crystalloblastic foliation in Estrella Gneiss. During mylonitization, 

the steep crystalloblastic foliation was buckled in a subvertical direc

tion, thereby producing folds with their axial surfaces parallel to my

lonitic foliation and their axes aligned parallel to lineation. The 

development of mylonitic lineation on the hinges of some folds is a con

sequence of extension parallel to the fold axes. 
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The abundant dikes provide additional evidence of east-northeast 

extension during mylonitization. The dikes systematically strike north

northwest, perpendicular to lineation. The dikes were intruded into 

extensional fractures that opened during the late stages of mylonitiza

tion, documenting that east-northeast extension was still occurring. 

Microscopic textures and structures lend further support for 

east-northeast extension with concurrent subvertical flattening. Many 

individual mineral grains have blade-like forms that are similar to 

those displayed by deformed inclusions. The mineral grains are essen

tially small-scale analogs of the inclusions and indicate the same 

strain environment as the inclusions. Some prismatic minerals, such as 

epidote, grew with their long axes parallel to lineation. Microscopic 

drape features attest to subvertical flattening. The development of 

pressure shadows on the flanks of porphyroclasts is also strong evidence 

for flattening perpendicular to mylonitic foliation. The selected min

eral replacement of the tops and bottoms of porphyryoclasts suggests 

that compressive strain was concentrated in these areas. Other micro

scopic structures, such as ghost-like layers of wall rocks through gash 

fractures, provide additional evidence that the rocks were extending 

parallel to lineation during mylonitization. 

In summary, all structures indicate that mylonitization was 

a response to extension parallel to the east-northeast-trending linea

tion and flattening perpendicular to the subhorizontal mylonitic folia

tion. Ratios of deformed inclusions suggest that rocks were extended 

to three times their original length parallel to lineation and flattened 



to one-third their original length perpendicular to foliation. The 

length of the intermediate axis was largely unchanged by mylonitic 

deformation. 
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A significant question involves whether mylonitic deformation 

was by pure shear or simple shear. Pure shear is a nonrotational de

formation in which rocks are flattened in one direction and corre

spondingly extended in another direction. Simple shear is a rotational 

strain in which rocks are flattened and extended in response to an im

posed shear couple. Within the South Mountains, there is evidence for 

both pure shear and simple shear. 

Pure shear was an important mode of deformation locally. The 

profound lack of folds in mylonitic intrusive rocks may be a consequence 

of nonrotational strain, that is, pure shear. Folds present within 

Estrella Gneiss were formed by subvertical flattening and buckling, not 

by simple shear. An important demonstration of the lack of simple shear 

is provided by aplites that occur in the granodiorite and granite. The 

aplites were emplaced during final consolidation of the two intrusions 

and have undergone the same deformation as the plutonic host rocks. The 

aplites are commonly well foliated but are not systematically offset 

along mylonitic foliation. This relationship indicates that the amount 

of simple shear involved in the deformation has been small. The numer

ous dikes also support a general lack of simple shear, because many are 

foliated but not systematically offset along their margins. The presence 

of symmetrical pressure shadows and the lack of rotated crystals suggest 

pure shear. Many quartz-filled tension gashes are mylonitically 
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foliated but are not systematically offset. These textures seem to in

dicate that pure shear was an important mode of deformation locally. 

In contrast, there also is definite evidence for localized sim

ple shear. Simple shear is suggested by ductile normal faults, rotated 

mineral grains, small asymmetrical folds, and asymmetrical pressure 

shadows adjacent to some porphyroclasts. However, it is difficult to 

evaluate how extensive simple shear is within the range. At present, 

the data suggest that pure shear is more important than simple shear, 

but there is much room for interpretation. 

Age 

The age of most mylonitization is tightly bracketed by crosscut

ting relationships and geochronology of middle Tertiary intrusions. 

Several distinct episodes of mylonitization, representing most of the 

deformation, occurred approximately 28-25 m.y. ago. The earliest epi

sode of mylonitization took place before final consolidation of the 28-

25 m.y.-old South Mountains Granodiorite, because the granodiorite dis

cordantly intrudes some mylonitic fabric in Estrella Gneiss. However, 

most mylonitization occurred during or after emplacement of the grano

diorite. The granodiorite is commonly mylonitic and evidently has under

gone several phases of mylonitization. In some areas, mylonitic grano

diorite is crosscut by less deformed Telegraph Pass Granite. This 

mylonitic fabric in the granodiorite evidently formed during emplacement 

of the granodiorite. A younger episode of mylonitization is represented 

by fabric that occurs in Telegraph Pass Granite. In some areas, the 

granite is strongly deformed, but related Dobbins Alaskite is not, which 
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strongly suggests that mylonitic fabric was developing during final con-

solidation of the granite. Many sills of alaskite are strongly mylon

itic, more so than the adjacent country rocks. This indicates that 

significant amounts of mylonitization accompanied intrusion of alaskite. 

Mylonitic fabric in alaskite is commonly intruded by north-northwest

trending dikes and sills. Many of the dikes and sills are undeformed, 

but others contain a well-developed mylonitic fabric that is discordant 

to that in the wall rocks. Such mylonitic fabric formed contemporane

ously with intrusion of the dikes and sills. All mylonitization had 

ceased by the time the microdiorite dikes were intruded. Therefore, 

mylonitization mostly took place at approximately 28-25 m.y.B.P. and 

was closely related to the various middle Tertiary intrusions. 

Conditions of Mylonitization 

The most important indication of conditions under which myloniti

zation occurred is the close spatial and temporal association of mylon

itization and plutonism. There is abundant evidence that a distinct 

episode of mylonitization accompanied each intrusive pulse. Myloniti

zation was associated with emplacement of South Mountains Granodiorite, 

Telegraph Pass Granite, Dobbins, Alaskite, and numerous dikes and sills. 

This close association implies that mylonitization took place under 

relatively high temperatures that may have approached those of a gran

itic melt. 

The relationship between plutonism and mylonitization also pro

vides significant constraints on the confining pressures that existed 

during deformation. South Mountains Granodiorite and Telegraph Pass 
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Granite have characteristics that suggest intrusion at only moderate 

depth. Both plutons have fine-grained border phases that imply chilling 

upon contact with cooler wall rocks. Dobbins Alaskite contains fine

grained lithologies, such as felsite and quartz porphyry, which indi

cate that the granitic magma was rapidly chilled at relatively shallow 

depths. A more definitive indication of shallow depth of mylonitization 

is provided by numerous synkinematic dikes and sills. In most cases, 

these sheet-like intrusions are extremely fine grained, almost to the 

point of being glassy. This demands that they were intruded to shallow 

depths and rapidly chilled by wall rocks that were much cooler than the 

intrusives themselves. The overall association of plutonism and mylon

itization indicates that mylonitization occurred under conditions of 

elevated temperatures but relatively low confining pressures. 

Mineral assemblages within mylonitic rocks can also be used to 

infer the temperatures and pressures of mylonitization. Most minerals 

present within mylonitic rocks are relicts of original mineralogy of 

the protoliths; for example, mineralogy of South Mountains Granodiorite 

was only slightly changed by mylonitization. However, certain minerals 

were unstable during mylonitization, especially in highly deformed rocks. 

The behavior of biotite is enlightening in this regard. Biotite is a 

common mineral in nearly every rock type in the range. In most mylonitic 

rocks, biotite has survived mylonitization with little or no replacement 

or alteration. Such biotite is genuinely stable or is a metastable 

relict of the original protolith. In strongly deformed rocks, biotite 

has been extensively replaced by muscovite. For instance, some expo

sures of highly deformed granodiorite contain enough muscovite to 
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resemble micaceous schists. Some biotite was altered to chlorite in-

stead of muscovite. Chlorite also occurs in pressure shadows adjacent 

to plagioclase porphyroclasts and in association with epidote and quartz 

in tension gashes. 

Epidote is abundant in most mylonitically deformed rocks, espe

cially those that were originally rich in plagioclase, biotite, or am

phibole. Synkinematic epidote occurs in quartz-filled gash fractures 

as small, acicular crystals that are aligned parallel to lineation. It 

is also common as a replacement of plagioclase porphyroclasts and as a 

major component of the fine-grained mylonitic matrix. Plagioclase was 

unstable during mylonitization and was replaced by sericite, in addi

tion to epidote. Potassium feldspar occurs as porphyroclasts in some 

mylonitic rocks and as irregularly shaped, recrystallized masses in 

others. Amphibole displays a similar bimodality in deformational be

havior. Some amphibole is present as porphyroclasts that were only 

slightly altered by mylonitization, but other amphibole crystals evi

dently recrystallized completely during deformation. This relationship 

suggests that mylonitization occurred under conditions that were near 

the stability limits of amphibole. 

Accessory minerals responded to mylonitization in a variety of 

ways. Zircon was chemically inert but was physically rounded in zones 

of extreme deformation. Sphene and opaque oxides were chemically more 

reactive and mutually replaced one another. Apatite generally recrys

tallized during mylonitization. 

The various mineralogic reactions indicate that deformation oc

curred under metamorphic conditions of upper greenschist to lower 
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amphibolite facies. This inferred metamorphic grade is supported by 

the relationship between plutonism and mylonitization, which suggests 

that deformation took place at high temperature but at relatively low 

confining pressure. 

Fracturing, Brecciation, and 
Detachment Faulting 

Subsequent to mylonitization, rocks of the South Mountains were 

affected by an episode of fracturing, brecciation, and detachment fault-

ing. This brittle deformation disrupted mylonitic fabrics, produced a 

variety of new structures, and was accompanied by intense chloritiza-

tion. It formed numerous, quasi-linear zones of closely spaced frac-

tures that dissect South Mountains Granodiorite. In the center of the 

range, the fracture zones are widely spaced and sporadically developed. 

However, along the eastern end of the range, the fracture zones are more 

abundant and are more extensively developed. This area of extensive 

fracturing, as delineated on the geologic map (Figure 6, in pocket), 

represents a zone of gradation between underlying, unfractured, and non-

brecciated granodiorite and overlying exposures of chloritic breccia. 

Ch10ritic breccia was formed by extreme jointing, fracturing, breccia-

tion, and faulting. In the Southern Foothills, chloritic breccia and 

accompanying microbreccia occupy the footwall of a low-angle detachment 

fault. The upper plate of the fault consists of highly fractured and 

brecciated Estrella Gneiss. These upper-plate rocks are similar in 1i-

tho10gy and structural condition to Estrella Gneiss that lies to the 

west below the projection of the detachment fault. The gneissic rocks 
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below the fault probably represent the source area for the upper-plate 

Estrella Gneiss. 

The character and orientation of brittle structures will be 

discussed separately for the following four structural settings (see 

also Table 7): 

1) chloritic fracture zones within South Mountains Granodiorite; 

2) transitional zone between unfractured granodiorite and chloritic 

breccia; 

3) chloritic breccia and microbreccia; and 

4) detachment fault. 

Chloritic Fracture Zones within 
South Mountains Granodiorite 

The structurally lowest manifestation of this type of deforma-

tion is a series of discrete ch10ritic fracture zones that dissect my-

lonitic granodiorite. The fracture zones occur sporadically throughout 

the granodiorite but are most numerous in structurally high exposures. 

They consist of quasi-linear zones of intense fracturing, jointing, and 

brecciation. Some individual fracture zones are continuous along strike 

for hundreds of meters, whereas others extend only tens of meters. The 

zones are generally less than one or two meters thick, but thicker zones 

are common. Although the fracture zones themselves are fairly continu-

ous, individual joints and fractures that comprise the zones are small 

and discontinuous. Individual joints and fracture surfaces within the 

zones are closely spaced and vary from planar to markedly curved. They 

have an overall trend parallel to that of the entire fracture zone but 

intersect one another at very small angles, producing a braided or 



Table 7. Modal and mean orientations of chloritic fracture zones and striations in chloritic 
breccia. 

STRIKE OF TREND OF 
FIGURE CHLORITIC FRACTURE ZONES STRIATIONS 
NUMBER ROCK TYPE AND AREA MEAN MODE MEAN MODE 

64 South Mountains Granodiorite 
west of Dobbins Lookout N 26° W N 30° W 

65 South Mountains Granodiorite 
east of Mount Suppoa N 48° W N 40-50° W 

66, 70 Ch10ritic breccia on east end 
of Main Ridge N 32° W N 20-30° W N 59° E N 60° E 

67, 69 Chloritic breccia on east end 
of Ahwatukee Ridge N 33° W N 35° W N 62° E N 60° E 

68, 71 All areas N 33° W N 30° W N 60° E N 60° E 

NUMBER OF 
READINGS 

44 

32 

85, 158 

118, 113 

296, 271 

.... 
'-J 
VI 
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anastomosing aspect. Evidence of chloritization is ubiquitous along 

fracture zones and extends only a small distance outward into unfrac-

tured granodiorite. Some fracture zones increase in thickness upwards 

and ultimately merge with the overlying chloritic breccia. 

The chloritic fracture zones have a characteristic north-

northwest strike. A strike-rosette diagram for chloritic fracture zones 

in South Mountains Granodiorite west of Dobbins Lookout exhibits a 

strong N 30° W mode (Figure 86). This orientation is typical for most 

of the mountain range. An anomalous, more northwesterly strike is re-

vealed by a strike-frequency diagram for chloritic fractures in an area 

east of Mount Suppoa (Figure 87). The mean strike of these fractures 

(N 48° W) is similar to the mean strike of dikes in the same area (N 

47° W). In addition, mylonitic lineation trends northeast, nearly per-

pendicular to the strikes of the dikes and fracture zones. Field rela-

tionships in this area suggest that the dikes and mylonitization are 

semicontemporaneous. Also, there is a clear spatial and geometric asso-

ciation between the dikes and the chloritic fracture zones; many dikes 

thin out along strike and are supplanted by chloritic fractures. The 

observations suggest that mylonitization, the dikes, and chloritic frac-

ture zones are closely related. 

Transitional Zone between Unfractured 
Granodiorite and Chloritic Breccia 

Along the northeastern end of the range, the granodiorite has 

been pervasively affected by this episode of brittle deformation. Here, 

the granodiorite has been jointed, fractured, faulted, brecciated, and 
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Figure 86. Strike-frequency diagram of chloritic fracture zones in 
South Mountains Granodiorite west of Dobbins Lookout. 

W E 

Figure 87. Strike-frequency diagram of chloritic fracture zones in 
South Mountains Granodiorite east of Mount Suppoa. 
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partially chloritized. This zone of structurally disrupted granodiorite 

is readily mappable (Figures 6 and 17). It overlies and grades downward 

into less fractured and jointed granodiorite along a low-angle contact. 

The contact usually dips gently to the northeast but exhibits an arch

like morphology when viewed over the entire range. The zone of disrup

tion is 30-50 m thick and has a tabular form that dips gently to the 

northeast. It represents a gradation between the underlying, slightly 

fractured granodiorite and the overlying chloritic breccia. 

Although not shown on the geologic map, small exposures of 

jointed and chloritic granodiorite occur along the northern margin of 

the range as far west as Entrance Ridge. These exposures may represent 

the transition between underlying granodiorite and structurally overly

ing, but unexposed, chloritic breccia. 

Brittle structures within the transitional zone between unfrac

tured granodiorite and chloritic breccia have a predominant north

northwest strike. Discrete zones of closely spaced fractures generally 

strike north-northwest, although northwest and west-northwest strikes 

are also present. Most fracture zones have steep dips. Small faults 

within the transitional zone dip gently to the northeast, with drag fold

ing of mylonitic foliation in the granodiorite indicating normal dis

placement with the hanging wall down to the northeast. Striations asso

ciated with the faults have east-northeast trends. 

Chloritic Breccia and Microbreccia 

Chloritic breccia and accompanying microbreccia represent the 

most intense manifestation of brittle deformation. The breccia is 
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characterized by closely spaced fractures, joints, and faults. Individ

ual fractures are generally small and discontinuous but collectively 

represent an extreme amount of deformation. Most fractures have steep 

to moderate dips and intersect one another at small angles, producing a 

distinctive anastomosing pattern (Figure 88). Striations are locally 

common on the surfaces of fractures. 

Chloritic breccia also contains numerous normal faults that dip 

gently to the northeast. The faults, fractures, and joints have brec

ciated the granodiorite to such an extent that it is no longer recog

nizable locally. Instead, the brittle deformation has literally pro

duced a new rock. As the name implies, chlorite is ubiquitous. 

Structures within chloritic breccia have strong preferred orien

tations (Table 7). Most fractures strike north-northwest. Figures 89 

to 91 are strike-frequency diagrams for fracture zones in the breccia. 

Each measurement on the diagrams is an outcrop average of numerous sub

parallel fractures. Fracture zones within chloritic breccia on the east 

end of Ahwatukee Ridge exhibit a mean strike of N 33° W (Figure 90). 

Fracture zones within chloritic breccia on Main Ridge have a mean strike 

of N 32° W (Figure 89). In addition, a N 30° W strike is indicated for 

fracture zones below the detachment fault in the Southern Foothills. A 

strike-frequency diagram for all chloritic fractures is given in Fig

ure 91. 

The orientations of striations within the breccia are equally 

systematic. Figure 92 is a trend-frequency diagram for 113 striations 

measured within chloritic breccia on the east end of Ahwatukee Ridge 
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Figure 88. Photograph of anastomosing fractures in chloritic breccia 
on Ahwatukee Ridge. -- View is toward the north-northwest, 
parallel to the strike of the fractures. 
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Figure 89. Strike-frequency diagram of fracture zones in chloritic 
breccia on eastern end of Main Ridge. 
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Figure 90. Strike-frequency diagram of fracture zones in chloritic 
breccia on eastern end of Ahwatukee Ridge. 
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Figure 91. Strike-frequency diagram of all chloritic fracture zones. 
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Figure 92. Trend-frequency diagram of striations in chloritic breccia 
on eastern end of z\hwatukee Ridge. 
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(same locality as Figure 89). The N 60° E maximum on the diagram is 

striking. Striations measured on Main Ridge are somewhat more scat

tered, but the east-northeast trend is still dominant (Figure 93). A 

composite diagram for both data sets displays a strong N 60° E maximum 

(Figure 94). A conventional histogram for the composite data reveals a 

very symmetrical distribution of the data on either side of the mean 

(Figure 95). The various diagrams clearly document a N 60° E trend for 

striations in chloritic breccia. 

Microbreccia occurs as a thin ledge that overlies chloritic 

breccia at several localities. The tabular form of the microbreccia is 

oriented subparallel to that of chloritic breccia. The microbreccia 

ledge is generally less than one meter thick, although patches of micro

breccia occur intermixed within underlying chloritic breccia. In con

trast to the chloritic breccia, microbreccia is nearly devoid of mega

scopic structures. It is significantly jointed and fractured in only a 

few areas but is nevertheless an intensely granulated rock. The inten

sity of deformation in the microbreccia is most evident in thin section. 

East-northeast-trending striations are locally present in the microbrec

cia, but they are less abundant than in the underlying chloritic breccia. 

Fractures that dissect the chloritic breccia do not extent upwards into 

the microbreccia. In some exposures, the microbreccia can be seen cross

cutting fractures in the underlying chloritic breccia. 

Detachment Fault 

In the Southern Foothills, the microbreccia ledge and underlying 

chloritic breccia occupy the footwall of a gently dipping detachment 
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Figure 93. Trend-frequency diagram of striations in chloritic breccia 
on eastern end of Main Ridge. 
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Figure 94. Trend-frequency diagram of striations in chloritic breccia 
on eastern ends of Ahwatukee and Main Ridges. 

Figure 95. Histogram of trend of striations in chloritic breccia on 
eastern ends of Ahwatukee and Main Ridges. 
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fault. In this locality, the microbreccia and chloritic breccia have 

been derived from mylonitic South Mountains Granodiorite. The upper 

plate of the fault contains Precambrian Estrella Gneiss and middle Ter

tiary dikes. Upper-plate rocks are dissected by fractures, joints, and 

relatively small faults. Most faults dip to the northeast and have 

normal displacement, as indicated by minor drag folding of pre-existing 

foliations in gneiss. Although severely disrupted by brittle deforma

tion, crystalloblastic and mylonitic fabrics are both preserved in 

gneiss. East-northeast-trending striations are locally abundant within 

upper-plate rocks, along the detachment fault, and in the underlying 

chloritic breccia. 

Brittlely deformed Precambrian Estrella Gneiss also crops out 

2-5 km west of the exposed low-angle fault but below the projection of 

the fault. The gneiss is strongly fractured, jointed, faulted, and 

brecciated. Most faults dip gently, with drag relationships suggesting 

tectonic transport towards the northeast. Striations observed on sever

al faults have east-northeast trends. Disrupted mylonitic foliation in 

the gneiss has gentle southwesterly dips (Figure 62). In general, the 

style of deformation is similar to that found in rocks above the low

angle fault. 

Kinematics 

Structures within the chloritic breccia and related rocks have 

systematic orientations that readily lend themselves to kinematic inter

pretation. An east-northeast or west-southwest line of transport is 
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required by the predominant N 60° E trend of striations that occur: 1) 

on normal faults within brecciated granodiorite below chloritic brec

cia; 2) in chloritic breccia; 3) along the microbreccia ledge and over

lying low-angle fault; 4) on subhorizontal faults that cut Estrella 

Gneiss outcrops both above and below the low-angle fault; and 5) in iso

lated areas elsewhere in the range. An east-northeast sense of trans

port is indicated by minor structures--particularly by drag folding of 

mylonitic and crystalloblastic foliations--and by observed offsets on 

northeast-dipping, normal faults. 

Fractures associated with this episode of brittle deformation 

have a pronounced north-northwest (N 30° W) strike. This strike is or

thogonal to the trend of striations and the inferred direction of tec

tonic transport. Most fractures evidently are dilational features that 

formed in response to east-northeast-directed extensional strain. Such 

a strain environment is compatible with observed normal offsets on east

northeast-dipping faults that cut chloritic breccia, the underlying 

granodiorite, and Estrella Gneiss. East-northeast extensional strain is 

also indicated by the N 30° W strike of microdiorite dikes which are in

ferred to be partly the same age as fracturing. 

Brittle deformation was accompanied by rotation of pre-existing 

mylonitic fabrics in South Mountains Granodiorite. An analysis of these 

rotations provides another excellent indicator of the kinematics of brit

tle deformation. Mylonitic foliation in nonbrecciated granodiorite de

fines a large, east-northeast-plunging arch. However, mylonitic folia

tion preserved in either the chloritic breccia or the underlying zone of 

brecciation does not have an orientation that is consistent with the arch 
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geometry. Instead, mylonitic foliation in these rocks dips to the 

southwest. The southwest dip of mylonitic foliation is the result of 

rotational strain that accompanied brittle deformation and formation of 

chloritic breccia. The geometry of this rotational strain may be evalu

ated stereographica1ly by comparing the pre-rotation and post-rotation 

orientations of mylonitic foliation. 

Along the axis of the arch, mylonitic foliation in nonbrecciated 

granodiorite below the zone of brecciation strikes northwest and dips 

northeast an average of 120. In contrast, preserved mylonitic foliation 

within the zone of brecciation dips southwest an average of 14°. Mylon

itic foliation in the zone of brecciation must be rotated around a sub

horizontal, N 32° W-trending axis to restore it to its pre-rotation ori

entation (Figure 96). The movement of rocks during this rotation is in 

a direction that is perpendicular to the axis of rotation; this direc

tion of tectonic transport is N 58° E. The amount of angular rotation 

is approximately 24°. 

The pre-rotation versus post-rotation orientations of mylonitic 

lineation in the granodiorite can be treated in a similar manner (Figure 

96). Lineation in nonbrecciated granodiorite plunges 10 0 towards 

N 62° E. In contrast, rotated lineation in the zone of brecciation 

plunges 15° towards S 55 0 W. Rotation of lineation has occurred around 

a subhorizontal axis that trends north-northwest. The direction of tec

tonic transport determined from the lineation rotation is N 60 0 E, simi

lar to that determined from rotated foliation. The average amount of 

rotational strain is 25°, with rotation being a counterclockwise sense 

when viewed towards the north-northwest. 
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Figure 96. Stereographic projection showing rotation of mylonitic 
foliation and lineation by brecciation.-- Symbols are as 
follows: F - pole to nonrotated foliation; FR - pole to 
rotated foliation; L - nonrotated lineaticn; and LR -
rotated lineation. Arrows indicate sense of rotation. 
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In summary, tectonic transport during brittle deformation was 

N 60° E. Transport largely took place on small-scale normal faults that 

dip gently to the east-northeast. Movement on the normal faults was ac

companied by rotation of pre-existing mylonitic fabric along sub horizon

tal, north-northwest-trending axes. The sense of rotation is counter

clockwise as viewed toward the north-northwest. North-northwest

striking fracture zones accommodated east-northeast extension and 

differential rotational strain. North-northwest-striking microdiorite 

dikes may have been emplaced during the initial phases of brittle 

deformation. 

Arching 

The orientation of mylonitic foliation within Main Ridge defines 

the east-northeast-trending South Mountains anticline that strongly con

trols the topography of the range (Figures 6, 7, 97, 98). The axis of 

the anticline is parallel to and coincident with the topographic crest 

of the ridge. The anticline is doubly plunging but asymmetrical. Its 

northeastern nose plunges 10-15° to the northeast, whereas its southwest

ern nose plunges approximately 30° to the southwest. The axis of the 

fold is subhorizontal near the center of the range. 

The anticline is a fairly open structure with an exposed width 

of 3-4 km and a visible amplitude of nearly 0.5 km. Dips on the flanks 

of the fold rarely exceed 30°. In the northeastern half of the range, 

the simple anticlinal form is complicated by a small structural terrace. 

The terrace occurs near the crest of the main anticline and has a gentle 

east-northeast plunge. A similar structural terrace or syncline may 
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Figure 97. Aerial photograph of South Mountains, looking southwest. 
Note arch-like morphology of northeast half of range. 
Sierra Estrella are visible in background. 
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extend southwest down San Juan Valley. Anticlines and synclines are 

probably also present in the Southern Foothills, but their recognition 

is made difficult by widespread rotation of mylonitic fabric that ac

companied formation of chloritic breccia. Also, some variations in the 

attitude of mylonitic foliation may be due to relatively complex geom

etries of middle Tertiary intrusions. 

The origin of the South Mountains anticline is problematical. 

For instance, it is uncertain whether the present attitudes of mylonitic 

foliation are indeed the result of post-mylonitization arching. There 

is abundant evidence that the orientation of mylonitic foliation can be 

greatly influenced, at least on a small scale, by pre-existing fabrics, 

contacts between rock units, and the geometries of synkinematic intru

sions. These influencing factors may also control the orientation of 

mylonitic fabric on large scale. Specifically, the geometry of Tele

graph Pass Granite may be partly responsible for the steeper plunge of 

the anticline's southwestern nose. Mylonitic foliation in this area is 

nearly concordant with the tabular form of the granite. It is possible 

that the steeper westerly dip of the foliation may partly reflect an 

original westerly dip of the granite. 

While this explanation may apply to the anticline's steep south

western nose, it does nothing to resolve the origin of the east

northeast-trending anticline itself. Unfortunately, relationships in 

the range do not provide much insight on the relative timing of arching 

with respect to other middle Tertiary events such as mylonitization and 

brecciation. The mylonitic foliation either formed with an arch-like 
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morphology or was arched after its formation. The same is true for 

chloritic breccia. It is important to note that the axis of the anti

cline is parallel to the trend of mylonitic lineation and to the direc

tion of tectonic transport during brittle deformation. This geometric 

coordination suggests that the fold is somehow related to mylonitization, 

brecciation, or both. Mylonitic lineation trends east-northeast, irre

spective of position on the arch, which might imply that the arch formed 

later. Likewise, direction of tectonic transport for chloritic breccia 

is consistent over the entire arch, indicating that the breccia was not 

formed by radial movement off the arch. In fact, exposures of chloritic 

breccia at Two Peaks were preserved from erosion because of their low 

position on the structural terrace. This observation is perhaps the 

strongest evidence that ~ component of the arching occurred after 

formation of the breccia. However, it is equally possible that the 

anticline developed during formation of the breccia and associated de

tachment faulting, as suggested by Frost (1981) for anticlines and syn

clines along the Colorado River trough. 

Basin and Range Deformation 

Basin and Range tectonism was largely responsible for blocking 

out the present configurations of valleys and mountain ranges in the re

gion around the South Mountains. There is clear evidence that Basin and 

Range block faulting formed the Luke and Higley basins that lie northwest 

and east, respectively, of the South Mountains (Peirce, 1976b; Eberly 

and Stanley, 1978). Basin and Range faulting in this region evidently 

occurred mostly between 14 and 8 m.y. ago. There is very little evidence 
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of Basin and Range tectonism exposed within the South Mountains. Near 

Telegraph Pass, there are a number of north-northwest-trending fracture 

zones that bear oblique-slip striations and evidence of combined normal 

and right-lateral movement. These fractures are not kinematically co

ordinated with middle Tertiary mylonitization and cut the mylonitic fab

ric. They could be a minor manifestation of Basin and Range faulting. 

There is no known evidence for recent faulting around the pe

riphery of the South Mountains. The interface between bedrock and sur

rounding late Tertiary-Quaternary surficial deposits is highly irregular 

and devoid of obvious linear features. The Southern Foothills, in par

ticular, are deeply embayed by gently sloping pediments. Nowhere have 

faults been observed cutting the pediments or their thin veneer of 

gravel. 

Gravity and well information indicate that the South Mountains 

are part of a larger Basin and Range horst block (Oppenheimer and Sumner, 

1981). Throughout most of the horst block, bedrock is buried beneath 

100-400 m of Late Tertiary-Quaternary clastic deposits. Bedrock pro

trudes through its sedimentary cover in the South Mountains, probably 

due to influence of the pre-Basin and Range South Mountains anticline. 



ECONOMIC GEOLOGY 

The South Mountains contain the Salt River Mining District, a 

past source of gold, silver, and copper (Wilson, 1934, 1969). Minerali

zation was discovered prior to 1900 and recorded production occurred 

sporadically between 1913 and 1942. Nine mines yielded nearly 7,000 

ounces of gold, 5,000 ounces of silver, and 28,000 pounds of copper 

(Arizona Bureau of Geology and Mineral Technology, 1981). These commo

dities would be worth approximately three million dollars at July 1981 

prices, with gold accounting for 97.7% of the total value. Silver and 

copper represent 1.5 and 0.8%, respectively, of the net worth. 

The Delta or Max Delta Mine, the largest producer in the dis

trict, accounted for nearly 90% of the gold, silver, and copper produc

tion. It yielded over 6,200 ounces of gold and 4,300 ounces of silver. 

The average recovered grade of the mined ore was 0.45 ounces of gold per 

ton, 0.32 ounces of silver per ton, and 0.09% copper. The highest as

says of shipped ore were evidently 2.5 ounces of gold and 1.5 ounces of 

silver per ton. However, some individual samples of ore contained over 

14 ounces of gold per ton. The average recovered grade of ore produced 

from mines otner than the Delta Mine was 0.55 ounces of gold and 0.45 

ounces of silver per ton. 

A majority of the gold mines and prospects are located in Pre

cambrian Estrella Gneiss within several kilometers of Telegraph Pass 

Granite (Figure 99). Gold occurrences are aligned along a north

northwest trend that parallels the intrusive contact between gneiss and 
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Figure 99. Distribution of gold mines and prospects in the South Mountains. -- Mines 
and prospects are shown .in black. Tertiary plutonic rocks are patterned; 
Precambrian rocks are left unpatterned. Selected dikes of the western 
dike swarm are shown with hatched lines. 
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granite. This spatial distribution of gold occurrences is largely coin-

cident with the western Tertiary dike swarm. Mineralization is consis

tently associated with quartz veins and stockworks that are up to 8 ft 

in width. One of the mined stopes in the Delta Mine is reportedly 

100 ft long, 100 ft along dip, and 5 ft wide. Pyrite and chalcopyrite 

are widely reported in the underground workings (Arizona Bureau of 

Geology and Mineral Technology, 1981). In addition, the author has ob

served arsenopyrite and trace amounts of galena on the dump of the Delta 

Mine. Limonite, hematite, and several copper minerals, including chryso

colla, are present in ores that have been oxidized. Calcite, siderite, 

and gypsum are also locally associated with the gold-bearing quartz 

veins. Some veins have apparently been offset by gently dipping faults. 

The age and orientation of the quartz veins are of particular 

interest in evaluating the relationship between mineralization and the 

various episodes of plutonism and mylonitization. Age of the veins is 

tightly constrained by crosscutting relationships between the veins, 

deformational fabric in the host rocks, and middle Tertiary dikes. The 

mineralized veins discordantly crosscut both the Precambrian crystallo

blastic foliation and the Tertiary mylonitic fabric. A number of quartz 

veins are mylonitic, but it is uncertain whether these particular veins 

are mineralized. Several mine reports indicate that there is a close 

association between mineralized veins and the north-northwest-trending 

Tertiary felsic and dioritic dikes. Both suites of dikes are now known 

to be middle Tertiary in age. 

Finally, one of the veins in the Delta Mine is reportedly cross

cut by a diorite or microdiorite dike. These relationships suggest that 
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mineralization is middle Tertiary in age, probably approximately 28-25 

m.y.B.P. 

Orientation of the veins is similar to the systematic orienta

tion of middle Tertiary dikes, aplites, and extensional fractures. 

Gold-bearing veins dominantly strike north-northwest or northwest, al

though many other orientations are also described in unpublished mine 

reports. The modal strike of veins mentioned in the reports is N 30° W 

and the average dip is approximately 60° to the east (Figure 100). This 

attitude is essentially perpendicular to the mylonitic foliation and 

lineation in the host rocks. The steep easterly dip of the veins is 

geometrically coordinated with the gentle westerly dip of the mylonitic 

foliation. This geometric coordination is imperfect but nevertheless 

suggests that the veins and mylonitic fabric might be related. The 

veins are evidently the same age as numerous dikes that are syn- to late

kinematic with respect to mylonitization. The veins and dikes were both 

emplaced into north-northwest fractures that were opening in response to 

east-northeast extension. In essence, the veins may be large gash 

fractures that formed during or immediately after mylonitization. The 

gold ore was deposited by hydrothermal fluids that probably emanated 

from either the Telegraph Pass Granite or the related middle Tertiary 

dikes. 
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Figure 100. Strike-frequency diagram of gold-bearing quartz veins in 
and near the Delta Mine. 
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SUMMARY AND CONCLUSIONS 

The South Mountains contain evidence of a geologic history that 

spans 1.7 b.y. However, most geologic complexities are the result of 

two main tectonic episodes, one Precambrian and the other middle Ter

tiary. Before presenting any conclusions, it is important to briefly 

summarize the most salient geologic relationships. 

1) The South Mountains have a distinct geologic asymmetry. The 

northeastern half of the range contains a composite middle Ter

tiary pluton. Gently dipping mylonitic foliation in the plutonic 

rocks defines a broad anticline that plunges gently to the east

northeast. Mylonitic fabric increases in intensity upward from 

the nonmylonitic core of the arch. The mylonitic granodiorite 

is converted up-section into a gently dipping, tabular mass of 

chloritic breccia. The breccia is overlain in one exposure by a 

low-angle detachment fault. 

In contrast, the southwestern half of the range is largely 

composed of Precambrian Estrella Gneiss. Mylonitic foliation in 

the gneiss dips moderately to the southwest and has discordantly 

truncated a pre-existing Precambrian foliation. Mylonitic fabric 

cuts through Estrella Gneiss as a broad, west-dipping zone. 

Gneissic rocks above and below the zone are lithologically iden

tical and generally devoid of mylonitic fabric. These rocks 

have largely retained their steep Precambrian foliation. No 
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chloritic breccia is associated with the mylonitic Precambrian 

rocks. 

2) Mylonitization has been concentrated along contacts between rock 

units. This relationship is especially well displayed by the 

development of extremely mylonitic rocks along the contact be

tween South Mountains Granodiorite and overlying roof pendants 

of Estrella Gneiss. 

3) There is close relationship between mylonitization and middle 

Tertiary plutonism, as demonstrated by the fact that almost 

every Tertiary intrusive episode was accompanied by a pulse of 

mylonitization. In many cases, mylonitic fabric developed in 

the intrusion but not in the wall rocks. Geochronologic studies 

suggest that all episodes of Tertiary plutonism and concurrent 

mylonitization occurred approximately 28-25 m.y. ago. 

4) Mylonitization was accompanied by extensional strain in an east

northeast-west-southwest direction. This conclusion is supported 

by minor structures and by the systematic north-northwest strike 

of aplites and syn- to late-kinematic dikes. 

5) Mylonitization occurred under conditions of relatively high tem

peratures but low pressures. This pressure-temperature regime 

is indicated by mineral assemblages in mylonitic rocks and by 

the close association of mylonitization with shallow-level 

plutonism. 

6) Mylonitization was followed by intrusion of microdiorite dikes 

and formation of the chloritic breccia. The dikes and breccia 

both discordantly cut across the older mylonitic fabric. There 



204 

is a common association between the dikes and chloritic fracture 

zones. This and other evidence suggests that microdiorite dikes 

and chloritic breccia overlap in age, with brecciation outlast

ing emplacement of the dikes. North-northwest strike of the 

dikes is geometrically coordinated with the east-northeast di

rection of tectonic transport inferred from the breccia. As 

with mylonitization, brecciation was associated with east

northeast extension. Mineral assemblages in the breccia and 

chilled borders on microdiorite dikes irtdicate that the host 

rocks had cooled significantly since mylonitization. 

The foregoing statements raise some interesting questions re

garding the possible causes of mylonitization and brecciation and whether 

or not there is a genetic relationship between them. There is a clear 

spatial and temporal association between mylonitization and middle Ter

tiary plutonism, and all evidence indicates that the two are genetically 

related. However, mylonitization is not due to "granite tectonics" be

cause mylonitic deformation has affected Estrella Gneiss as well as va

rious middle Tertiary intrusions. Nevertheless, spatial proximity of 

mylonitic fabric in the gneiss to Telegraph Pass Granite suggests an 

underlying genetic tie. It is likely that mylonitization was facili

tated by heat that the middle Tertiary plutons brought into upper levels 

of the crust. Significant amounts of heat were introduced into the area 

with each successive intrusive pulse. As each intrusion was emplaced, 

were it a major granitic pluton or a thin dike, it was accompanied by 

mylonitization. As the rocks were heated or while they were still hot, 



205 

they extended parallel to the east-northeast-trending lineation and were 

flattened perpendicular to the subhorizontal foliation. Mylonitic fab

rics with somewhat different orientations were locally formed due to 

the influence of pre-existing structures, contacts between rock units, 

and the geometry of synkinematic intrusions. 

All evidence indicates that east-northeast-directed extension 

slightly predated, was synchronous with, and post-dated mylonitization. 

The predominant north-northwest strike of aplites and mineralized frac

tures in the middle Tertiary plutons, when interpreted in the manner 

suggested by Rehrig and Heidrick (1972), indicate that cr3 was oriented 

east-northeast during late- to post-magmatic cooling and fracturing of 

the plutons. Mylonitization was probably initiated with emplacement of 

the plutons. During mylonitization, the plutonic rocks and their wall 

rocks were affected by extreme east-northeast extension and attendant 

subvertical flattening. The systematic north-northwest strike of syn

to late-kinematic dikes documents that east-northeast extension was 

continuing during the late stages of mylonitization. Microdiorite dikes 

that post-date mylonitization also strike north-northwest, which indi

cates that east-northeast extension outlasted mylonitization. It is im

portant to point out that middle Tertiary dikes outside the South Moun

tains also have a dominant north-northwest strike (Rehrig and Heidrick, 

1976), which implies that the east-northeast extension is regional and 

not simply related to local strains that accompanied mylonitization. 

Mylonitization evidently occurred at temperatures and pressures 

typical of upper greenschist to lower amphibolite facies. The 
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temperature and fluid content must have been sufficient so that, for the 

strain rates involved, quartz, muscovite, and several other minerals 

were able to recrystallize during deformation. The temperatures were 

also low enough for plagioclase to deform brittlely. Silica was exten

sively mobilized during mylonitization, because quartz veins are more 

abundant in mylonitic rocks than in their nonmylonitic protoliths. 

Gold-bearing quartz veins may represent one manifestation of this silica 

mobility. The presence of throughgoing veins implies that mylonitiza

tion occurred under conditions of low confining'pressures. Most syn-

to late-kinematic dikes have aphanitic or porphyritic textures indica

tive of rapid crystallization at shallow depths. In fact, some of the 

dikes verge on being glassy. These dikes and plutons appear to be the 

only satisfactory way to convey sufficient heat to high crustal levels. 

Mylonitic fabrics have been strongly disrupted by brecciation in 

high structural levels in the eastern half of the range. The chloritic 

breccia contains numerous north-northwest-striking fractures and normal 

faults that were formed in response to east-northeast extension. Forma

tion of the breccia was accompanied by east-northeast-directed transport 

of rocks above the low-angle detachment fault. Brecciation and detach

ment faulting resulted in antithetic rotation of pre-existing mylonitic 

foliation so that it presently dips back towards the southwest. Such 

rotation affected rocks both above and below the detachment fault. It 

is probable that the southwesterly dip of Tertiary volcanic and sedimen

tary rocks in the Tempe area several kilometers northeast of the South 

Mountains is also related to antithetic rotation that accompanied east

northeast-directed normal faulting. If so, the mylonitic rocks and 
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detachment fault of the South Mountains extend into the subsurface be

neath a large but unknown region to the northeast. 

There is some evidence that suggests that mylonitization and 

brecciation represent a continuum of east-northeast extension. Of pri

mary importance is the kinematic coordination between mylonitization 

and brecciation. It would be an extraordinary coincidence if the two 

are not related. Also, some dikes that are late-kinematic with respect 

to mylonitization are spatially associated with chloritic fractures that 

are identical to those within-chloritic breccia proper. In addition, 

some exposures of chloritic breccia display well-lineated and foliated 

fabrics. These fabrics are mylonitic, but they appear to have deformed 

more brittlely than typical mylonitic rocks elsewhere in the range. 

These chloritic, foliated rocks display a style of deformation that is 

transitional between mylonitization and brecciation. The presence of 

such transitional rock types is strong evidence for a deformational con

tinuum between mylonitization and brecciation. 

However, there is additional evidence that does not support the 

notion of a deformational continuum. Except for the few transitional 

cases described above, there is a clear difference in the style of de

formation between mylonitic rocks and chloritic breccia. This may 

largely reflect the fact that the two styles of deformation occurred 

under different temperature and pressure conditions. Another key rela

tionship is provided by the microdiorite dikes. They were emplaced after 

mylonitization but were extensively deformed by brecciation, which sug

gests that mylonitization and brecciation were separated in time by a 
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distinct event--emplacement of themicrodiorites. Nevertheless, mylon

itization, microdiorite intrusion, and brecciation are all very close 

in age. Nearly all mylonitization occurred after emplacement of the 

South Mountains Granodiorite at 28-25 m.y.B.P. but before intrusion of 

the microdiorite dikes. Some relationships suggest that the microdio

rite dikes were emplaced during the initial stages of brecciation. If 

true, this indicates that brecciation and mylonitization occurred within 

several million years of one another. 

There are clear indications that ambient temperatures and pres

sures gradually decreased during successive stages of mylonitization. 

South Mountains Granodiorite, the oldest synkinematic intrusion, is 

medium-grained and only locally associated with a chilled-border phase. 

In contrast, slightly younger Telegraph Pass Granite has an extensively 

developed, fine-grained border phase, the Dobbins Alaskite. This rela

tionship requires significant cooling of country rocks between emplace

ment of granodiorite and granite. Syn- to late-mylonitization dikes 

show a similar decrease in grain size from oldest to youngest. The old

est synkinematic dikes are medium grained and lack chilled margins. 

Dikes emplaced during the late stages of mylonitization are finer grained 

and have chilled margins. Post-mylonitization microdiorite dikes are 

usually fine grained and have well-developed chilled-border phases. 

The progressive decrease in grain size and increased development 

of chilled borders indicates that rocks were gradually cooling during 

mylonitization. A continuation of this cooling trend would bring the 

rocks through the brittle-ductile transition and cause mylonitization to 
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It seems reasonable to conclude that as the mylonitic rocks be

gan to cool, the ductile-brittle style of mylonitiz~tion was replaced 

by more brittle deformation. As discussed earlier, formation of the 

chloritic breccia occurred while the rocks were hot but well below em

placement temperatures. In fact, the chloritic breccia is exactly what 

one might expect for a plutonic rock that was brecciated and fractured 

while still hot. Seen in this light, the chloritic breccia represents 

the interaction of hot plutonic rocks with cooler water. Therefore, 

the fractures in the breccia could be hydrofracts whose systematic ori

entation is a reflection of the regional stress field that existed 

during brecciation. 

K-Ar biotite dates on the granodiorite and granite indicate that 

the rocks cooled below approximately 250°C at 20 m.y.B.P. The chloritic 

breccia was probably still actively forming at this time. As the rocks 

cooled further, continued brecciation and detachment faulting would 

produce even more brittle fabrics, such as those observed in the micro

breccia. It is possible that the microbreccia is the youngest end mem

ber of the deformational continuum from mylonitization to brecciation. 

It was simply the last manifestation of middle Tertiary extension. 

The structural evolution of the South Mountains as described 

above has significant implications for the evolution of Cordilleran meta

morphic core complexes. Metamorphic core complexes are distinctive crys

talline terranes that occur in a discontinuous belt between Sonora, 
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Mexico and southern Canada (Crittenden and others, 1980). They are 

characterized by a crystalline core of metamorphic and plutonic rocks 

which generally display mylonitic fabrics in their higher structural 

levels. The upper limit of the crystalline core is commonly a zone of 

chloritic breccia that formed in the footwall of a major, low-angle 

detachment fault. Rocks in the upper plate of the detachment fault are 

highly faulted and rotated and are as young as middle Miocene. It is 

generally difficult to recognize any lower-plate equivalents of the 

upper-plate lithologies. The detachment fault and lower-plate mylonitic 

fabrics have been folded into a series of broad, doubly plunging anti

clines and synclines. Several sets of these folds are usually present 

in each complex, but at least one set of fold axes is aligned parallel 

to the lower-plate mylonitic lineation and to the direction of tectonic 

transport inferred for the detachment fault. 

Recognition of metamorphic core complexes has largely come about 

in the last ten years, and various models have been proposed to explain 

the observed features of the complexes (Crittenden and others, 1980). A 

major controversy has arisen concerning the age and kinematic signifi

cance of the mylonitic fabric and what genetic relationships, if any, 

exist between mylonitic defonnation and detachment faulting. The South 

Mountains provide a unique opportunity to evaluate these controversial 

issues in a relatively uncomplicated geologic setting. The author has 

visited or done field work in every metamorphic core complex in the 

western United States and has concluded that the South Mountains are the 

most geologically simple core complex of all. 
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The clear association between plutonism and mylonitic deforma

tion in the South Mountains has allowed the age of mylonitization to be 

tightly constrained at approximately 28-25 m.y.B.P. A documented middle 

Tertiary age for mylonitization is strong evidence against the specula

tion that Late Cretaceous-early Tertiary overthrusting is responsible 

for similar mylonitic fabrics in other metamorphic core complexes of 

southern Arizona (Drewes, 1977; Thorman, 1977). Instead, all evidence 

indicates that mylonitic fabrics in the South Mountains were formed by 

middle Tertiary extension in an east-northeast-west-southwest direction. 

An extensional origin has also been documented for similar mylonitic 

fabrics in the Tortolita Mountains near Tucson (Davis and others, 1975) 

and the Whipple Mountains of southeastern California (Davis and others, 

1982). 

Of all the core complexes, the South Mountains contain the 

strongest evidence for a continuum between mylonitization and detach

ment faulting. A continuum is most clearly indicated by the kinematic 

coordination and similar ages of mylonitization and detachment faulting 

and by the presence of fabrics transitional in character between mylon

itic rocks and ch10ritic breccia. Documentation of such a continuum has 

been difficult, if not impossible, in other core complexes. 

A working model for the evolution of detachment faults and meta

morphic core complexes is illustrated on Figure 101. Aspects of the 

model are similar to those proposed by Davis and Coney (1979), Rehrig 

and Reynolds (1980), and Wernicke (1981). In this model, some mylonitic 

fabrics might form at depth by pure shear in an environment of 
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east-northeast extension. Also, some mylonitic fabrics might form along 

the deeper segments of a low-angle detachment fault. In either case, 

mylonitization would occur at depths great enough to sustain tempera

tures on the order of 400-500 oC (Davis and others, 1980). Mylonitiza

tion could occur at relatively shallow levels if plutons such as the 

South Mountains Granodiorite penetrated to high levels of the crust. 

Formation of the chloritic breccia is seen as occurring at 

lower temperatures and higher structural levels than mylonitization. 

The breccia is the result of synchronous fracturing and hydrothermal 

alteration of hot plutonic rocks during east-northeast-directed exten

sion and detachment faulting. The breccia would form along segments of 

the detachment fault that are intermediate in depth and temperature be

tween mylonitization and the surface of the earth. The microbreccia is 

the most brittle and structurally highest manifestation of detachment 

faulting. 

The model illustrated in Figure 101 predicts that the style of 

deformation along any segment of the detachment fault would change with 

time. As detachment faulting proceeds, each segment of the detachment 

fault becomes less deeply buried because of the wedge-like shape of the 

upper plate and because of brittle extension of upper-plate rocks 

(Wernicke, 1981). Therefore, each segment of the detachment fault be

comes progressively cooler and more brittle with time. This results in 

the successive overprinting of chloritic breccia over pre-existing mylon

itic fabrics. In a similar manner, microbreccia would form at the ex

pense of chloritic breccia. This successive overprinting of different 
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styles of deformation would explain the sequence of deformational 

events that is observed in virtually every metamorphic core complex. 

Seen in this light, Cordilleran metamorphic core complexes represent a 

continuum between ductile and brittle extension (Coney, 1980; Davis, 

.1980; Rehrig and Reynolds, 1980). 



APPENDIX A 

SAMPLE LOCATIONS, FIELD NUMBERS, 
AND DECAY CONSTANTS USED 

Latitude 
Field Numbers (N) 

Estrella Gneiss 
EG-1 UARS 78-8 33°19.92' 
UAKA 78-27 UARS 78-8 33°19.92' 

South Mountains Granodiorite 
SMG-1 Sm-7 33°20.51' 
SMG-2 Sm-9 33°20.00' 
SMG-3 Sm-Sr-6 33°19.78' 
SMG-4 Sm-Rs-15 33°19.78' 
SMG-5 Sm-Sr-8 33°20.20' 
SMG-6 UARS 78-2 33°20.57' 
SMG-7 Sm-Sr-7 33°19.91' 
UAKA 78-80 UARS 78-2 33°20.57' 
UAKA 78-81 UARS 78-3 33°20.27' 

Telegraph Pass Granite 
TPG-1 Sm-Sr-2 33°19.90' 
TPG-2 UARS 78-6 33°20.33' 
TPG-3 UARS 78-9 33°20.70' 
TPG-4 Sm-Sr-1 33°20.15' 
UAKA 73-110 Sm-4 33°20.48' 

Microdiorite Dike 
UAKA 79-133 794-25-9 33°19.90' 

Decay constants are as follows: 

for Rb-Sr: hB = 1.42 x 10-11yr-1 

Longitude 
(W) 

112°05.32' 
112°05.32' 

112°02.81' 
112°04.17 ' 
112°04.38' 
112°04.38' 
112°03.95' 
112°02.52' 
112°04.14' 
112°02.52' 
112°03.23' 

112°04.79' 
112°04.30' 
112°04.69' 
112°04.74' 
112°04.87' 

for K-Ar: hE = 0.581 x 10-10yr1 hB = 4.963 x 10-10yr-1, 

40K/K = 1.167 x 10-4mo1/mo1 
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