
STRUCTURE AND PETROGRAPHY OF THE EAST SIDE OF
THE SIERRITA MOUNTAINS, PIMA COUNTY, ARIZONA

Item Type text; Dissertation-Reproduction (electronic)

Authors Lootens, Douglas J.

Publisher The University of Arizona.

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

Download date 24/05/2023 20:17:52

Link to Item http://hdl.handle.net/10150/284631

http://hdl.handle.net/10150/284631


This dissertation has been 65—9855 
microfilmed exactly as received 

LOOTENS, Douglas Joseph, 1936— 
STRUCTURE AND PETROGRAPHY OF THE 
EAST SIDE OF THE SIERRITA MOUNTAINS, 
PIMA COUNTY, ARIZONA. 

University of Arizona, Ph.D., 1965 
Geology 

University Microfilms, Inc., Ann Arbor, Michigan 



Copyright by 

Douglas Joseph Lootens 

1965 



STRUCTURE AND PETROGRAPHY OP THE EAST.SIDE OP 

THE SIERRITA MOUNTAINS, PIMA COUNTY, ARIZONA 

<2s\ 

Douglas J.c'7Lootens 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OP GEOLOGY 

In Partial Fulfillment of the Requirements 
Por the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY 0? ARIZONA 

1965 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Douglas J. Loo tens 

entitled "Structure and petrography of the east 3lde 

of the Slerrlta Mountains, Pima Oounty, Arizona" 

be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy 

dissertation Dire<rffcr Dat 

After inspection of the dissertation, the following members 

of the Final Examination Committee concur in its approval and 

recommend its acceptance:* 

£ / 3 / C < >  

< /$/(, 

3/4 

- S  / 5 / 6  S '  

VJ/^" 

*This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in nnrtinl 
fulfillment of requirements for an advanced de^r.'- it 
The University of Arizona and is deposited in tno Jniver-
slty Library to be made available to borrowers in s or 
rules of the Library. 

Brief quotations from this dissertat:o: r; 
allowable without special permission, provide ! r,n:U 
accurate acknowledgment of source is made. /u-vju-s tr. 
for permission for extended quotation from it ropro iu > 
tion of this manuscript in whole or in part : 1 :e 
granted by the copyright holder. 

SIGNED: 



4  

MYea, even the rocks sing Thy praises" 

Mark 20:40 



To 

Virginia 



ACKNOWLEDGMENTS 

The writer is indebted to the Kennecott Copper 

Corporation for financial aid in supporting the field 

work and to Bear Creek Mining Company which made several 

reports and a large number of diamond core samples avail

able for study. 

Gratitude is expressed to Dr. T. N. Walthier, 

Messrs. J. L. Clark, C. L. Fair and J. E. Jinks of Bear 

Creek Mining Company whose helpful suggestions were valu

able in the preparation of this manuscript. Thanks are 

due also to Mr. J. R. Cooper of the U. 3. Geological 

Survey, Mr. D. vr. Lynch of the Duval Corporation and Mr. 

J. A. Thoms of the Anaconda Company with whom several 
* 

illuminating discussions on the problems of the Sierrita 

Mountains were held. 

Special mention should be made of the invaluable 

assistance provided by Drs. W. C. Lacy, J. w. Anthony, 

E. B. Mayo, S. R. Titley and R. L. DuBois of the Univer

sity of Arizona Department of Geology who offered many 

valuable suggestions as well as providing a stimulating 

Intellectual atmosphere in which to work. 

v 



vi 

A.11 of the illustrations were prepared by Mr, 

John Kelly of Bear Creek Mining Company. Thanks are 

due the members of the McGee community for the innumerable 

kindnesses shown the writer during the progress of the 

field studies. Thanks are also given to Mr. and Mrs. 

Walter Ludwig who gave unstintingly of their time in the 

final assembly of this report. 

Finally, special mention should be made of the 

part played by the author's wife, Virginia, without 

whose help and encouragement this project could not 

have been completed. 



TABLE 0? CONTENT o 

Page 

LIST OP ILLUSTRATIONS xi 

LIST OP TABLES xv 

ABSTRACT xvi 

INTRODUCTION 1 

Location and access... 1 

Climate and vegetation . 4 

Cultural aspects. 5 

Physiography 7 

Statement of the problem... 10 

Baclcground and reasons for study...., 10 
Problems to be studied 11 
Methods of study 1" 

Review of the literature 13 

REGIONAL GEOLOGIC SETTING 15 

DESCRIPTIVE GEOLOGY 19 

Intrusive rocks... 19 

General considerations 19 
Biotite diorite. 
Coarse-grained leucogranite -3 
Biotite quartz monzonite 31 
Tourmaline granitec 
Pine-grained leucogranite ^ 
Equigranular granodiorite y* 
Alaskite granite 53 
Dike rocks 57 

Volcanic rocks 60 

General considerations 60 
Oxframe Formation 61 

vii 



vlli 

TABLE OP CONTENTS—Continued 

Page 

Pyroclastic unit 64 
Tuff unit 70 
Plow unit 75 
Breccia unit 7 3 
Age of the Oxframe Formation 81 

Silver Bell Formation. 8:-
Younger rhyolite c;>4 
Metamorphism of the volcanic rocks 37 

Quaternary rocks 63 

Stratigraphic and age relationships 33 

Western Sierrlta Mountains 39 
Tucson Mountains 91 
Southeastern Patagonia Mountains......... 92 
Northern Chlricahua Mountains 9 5 

Discussion of regional correlations 96 

IGNEOUS PETROLOGY 100 

Petrology of the intrusive rocks 100 

Early intruslves.. 101 
Intermediate intruslves 104 
Late Intruslves 107 
Genetic relations of the intruslves 109 
Depth of emplacement of the intruslves 112 

Petrology of the volcanic rocks 113 

STRUCTURE AND TECTONICS . . 121 

General considerations 121 

Faults 1^2 

Description of faults *22 
Age of faulting 127 

Joints. 129 

Description of joint patterns....' 129 



ix 

TABLE OP CONTENTS—Continued 

Page 

Analysis of Joints and joint systems 130 

Folds 132 

Description of folding 132 
A.ge of folding.. 133 

Photo-structures 133 

Regional and local tectonics 135 

Interpretation of structural patterns 136 
Tectonic history 140 

ECONOMIC GEOLOGY 1^4 

General considerations 1^ 

History of exploration and mining 145 

Mineralization.... 147 

Regional setting and broad subdivisions 147 
Low-grade copper-molybdenum deposits 149 
High-grade base metal deposits 157 
Uranium occurrences 165 
Gold-silver deposits 170 

Discussion of the mineralization 176 

General remarks 176 
Metasomatism and mineralization 176 
Structural environment related to 

mineralization 133 
Genesis of the mineralization 134 

GEOLOGIC HISTORY 134 

Introductory comments 137 

Geologic history of the eastern Sierrita 
Mountains 137 

Pre-Cretaceous( ?) interval 137 
Lower(?) Cretaceous interval 139 
Upper(?) Cretaceous interval........ 190 



X  

TABLE OP' CONTENTS— Continued 

Page 

Early Tertiary Interval 192 
Mid-Tertiary Interval... 194 
Late Tertiary interval 196 
Quaternary interval 196 

SUMMARY AND CONCLUSIONS 197 

LITERATURE CITED 222 

« 



LIST OP ILLUSTRATIONS 

Figure Page 

1. Index map showing area of study 3 

2. Regional map showing physiographic 
provinces of Arizona 3 

3. Geologic map of the eastern Sierrlta 
Mountains in pocket 

4. Three cross-aectional views through 
the eastern Jierrita Mountains in pocket 

5. Photo-structural map of the eastern 
oierrita Mountains in pocket 

6. Rose diagrams of structural 
elements * . in pocket 

7. Detailed geologic map of the Esperanza 
Wash area in pocket 

8. Detailed geologic map of the Keystone 
Peak area in pocket 

9. Detailed geologic map of the Diamond 
Head area in pocket 

10. Columnar section of volcanic rocks 62 

11. Regional stratigraphic correlation 
chart..... 95 

12. Schematic geologic column showing intrusive 
and volcanic relationships 102 

13. Diagram showing mineralogic variation 
of the intrusive rocks 110 

14. Paragenesis of vein minerals-Diamond 
Head area 168 

15. Paragenesis of hydrothermal minerals in 
Esperanza Wash area 181 

16. Typical outcrop of biotite diorite in 
roadcut in 3ection 7 200 

xl 



xll 

LIST OP ILLUSTRATIONS—Continued 

Figure Page 

17. Contact between dlorlte (left) and quartz 
monzonlte 200 

18. Typical outcrop of weathered coarse 
leucogranite in Section 30 201 

19. View of brecclated quartz monzonlte on 
hill in northwest quarter of 
Section 13 201 

20. Outcrop of Silver Bell Formation showing 
large angular boulders of older(P€?) 
granite 202 

21. Conglomeratic horizon near the base of the 
Silver Bell Formation north of Lobo 
Peak 202 

22. View of Lobo Peak looking south 20} 

23. View of Lobo Peak looking west 203 

24. Iron-stained quartz vein marking the trace 
of the Sierrita fault in Section 3 204 

25. View of a silicified portion of the 
Cowboy Wash fault zone looking west 204 

26. View of the Cowboy Wash fault zone taken 
from the saddle north of Horse 
Pasture Hill 205 

27. View of sheared, altered outcrop at the 
Washington Mine 205 

28. Highly sheared, altered volcanics exposed 
in "»lory hole" of Bast Star Kine 206 

29. View of the portal of the Black Tunnel 207 

30. View of the portal of the Placer Flat adit 207 

31. Hand specimen of fresh biotite quartz 
monzonlte 203 



xlil 

LI3T OP ILLUSTRATIONS—Continued 

Figure Page 

32. Hand specimen of coarse-grained 
leu cog rani te 208. 

33. Hand specimen of tourmaline granite 209 

34. and specimen of alasklte granite 209 

35. Photograph of two drill cores showing ' 
textural variations within 
biotite dlorite 210 

j 

3^. Photograph of drill core showing contact 
between diorlte and quartz 
monzonite 210 

37. Hand specimen of granodiorlte showing large 
zoned feldspar phenocryst 211 

3 6 .  Hand specimen of rhyolite porphyry with 
prominent quartz phenocryst3 211 

39. Hand specimen of andeslte porphyry with 
numerous white plagloclase 
phenocrysts 212 

40. Hand specimen of non-porphyritic black 
andeslte flow 212 

41. Hand specimen of weathered rhyolite flow 
breccia containing older volcanic 
fragments 213 

42. Hand specimen of rhyolite flow showing 
well-developed eutaxitic structure 213 

43. Hand specimen of gray quartzite from the 
upper portion of the Oxframe 
Formation 214 

44. Hand specimen of very fine-grained andeslte 214 

45. Out surface of a hand specimen of andeslte 
breccia from the Silver Bell 
Formation 215 



xiv 

LIST OP ILLUSTRATIONS—Continued 

Figure Page 

4c:. Hand specimen of andesite breccia contain
ing sub-rounded fragments of rhyolite 
in a dense black matrix 215 

47. Photomicrograph of quartz raonzonite showing 
mafic clot. Plane polarized light. 
20 X 216 

48. Photomicrograph of fresh biotite diorite. 
Crossed nlcols. 20X 216 

49. Photomicrograph of coarse-grained leuco-
granite. Crossed nicols. 20X 217 

50. Photomicrograph of granodiorite showing 
zoned feldspar crystal. Crossed 
nicols. 20X. 217 

5-1 • Photomicrograph of alaskite granite. Crossed 
nicols. 20 X 213 

52. Photomicrograph of tourmaline granite. 
Crossed nicols. 20X 213 

53. Photomicrograph of quartz vein cutting 
latite dike. Crossed nicols. 20X 219 

54. Photomicrograph of andesite dike. Crossed 
nicols. 20 X 219 

55. Photomicrograph of andesite porphyry flow. 
Crossed nicols. 20X 220 

56. Photomicrograph of rhyolite porphyry 
showing plagioclase and quartz 
phenocrysts. Crossed nicols. 20X 220 

57. Photomicrograph of eutaxitlc structure, i-,-
andesite flow brccclr. :rocsoJl 
nicols. 20 X • 221 

58. Photomicrograph of andesite flow showing 
well-developed flow banding. 
Crossed nicols. 20X 221 



LIST OP TA.BLE3 

Table Page 

1. Mineraloglc composition of two phases 
of coarse granite. 3 1  

2. Mineralogic composition of early intruslves 101 

3. Kineralogic composition of intermediate 
intruslves 105 

4. Kineralogic composition of late intruslves 107 

X V  



ABSTRACT 

Rocks ranging from Lower(?) Cretaceous through 

Quaternary in age are exposed in the eastern Sierrita 

Mountains. A thick sequence of andesitic and rhyolitic 

pyroclastics and flows, the Oxframe Formation of Lower(?) 

Cretaceous age, is unconformably overlain by dominantly 

rhyolitic pyroclastics of Upper(?) Cretaceous age. The 

entire volcanic sequence is intruded by a complex group 

of intrusives, ranging from diorite to alaskite and 

including quartz raonzonite, granodiorite, and granite, 

as well as dikes of basaltic, andesitic and latitlc 
t 

composition. The intrusives are early Tertiary in age, 

related to the Laramide orogeny. Though compositionally 

and geographically separate, the intrusives appear to 

represent products of the differentiation of a single 

magmatic source and were emplaced over a very short 

span of time (approximately 5 million years). 

Structural elements defined include (1) a post-

volcanic, pre-intrusive east-west compressional force 

which produced northwesterly-trending, high-angle wrench 

faults characterized by left lateral movement, (2) a 

similar east-west compressional episode, post-lntruslve 

in age, which produced northeasterly-trending wrench 

faults, (3) domal uplift associated with emplacement of 

xvi 



xvll 

the intruslves which tilted the voloanlc sequence and 

produced essentially north-trending faults in the pedi

ment east of the range. 

Mineralization, ranging from extensive porphyry 

copper-type concentrations of copper and molybdenum to 

small high-grade veins containing lead, copper, silver 

and gold, is present in the district. Small uranlferous 

concentrations occur at one locality. Radiometric age 

dating Indicates a close correlation between ore depo

sition and intrusion of the equigranular -ranodlorite, 

suggesting a genetic relationship between the two. 

Structural control of the Esperazna Wash copper-molyb-

denum deposit Is very apparent. Localization has 

occurred at lhe intersection of major northwesterly 

and northeasterly fault zones. 

The hydrothermal phase of the intrusive activity 

includes metasomatic introduction of biotlte, quartz and 

orthoclase. A crude zonal pattern of sericite and epi-

dote is present in the mineralizaed area. Locally, 

the sulfide mineralogy is at least in part controlled by 

composition of the wallrock, with molybdenite associated 

with the acidic intruslves and chalcopyrlte-pyrite with 

the more basic dlorite body. 
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INTRODUCTION 

Location and Access 

The Sierrita Mountains are located about 30 

miles south-southwest of Tucson, Arizona, in east-

central Pima County (figure 1). The range, unlike 

many ranges in the Basin and Range Province of Arizona, 

is nearly circular, being slightly elongated along a 

north-south axis. It covers approximately 170 9quare 

miles in Townships 17 and 18 South and Ranges 10, 11 

and 12 East, Gila and Salt River Meridian. To the east 

lies the valley of the Santa Cruz River, which rises 

near the Mexican border and flows northward as part 

of the Colorado River drainage basin. West of the 

Slerrita Mountains lies the Altar Valley. 

The range forms the northern end of a chain 

of hills extending southward into Mexico. This chain 

Includes, In addition to the Sierritas, the Cerro 

Colorado Mountains, the Las Guijas Mountains and the 

San Luis Mountains. This chain parallels the Quinlan-

Baboquivari chain to the west and the Santa Rita-

Patagonia ranges to the east. 

The area covered by this study encompasses 

approximately 30 square miles on the east side of the 

1  



range (figure 1). It extends from La Canada Ranch on 

the north to Lobo Peak on the south and from the crest 

of the range on the west to an eastern boundary along 

Esperanza Wash, In a few cases, certain areas have 

been omitted and other included when natural boundaries 

provided logical breaks in the mapping. 

Access to the Sierrita Mountains can be gained 

either from U. 3. Highway 89, traversing the Santa Cruz 

valley to the east or from State Highway 286 which 

follows the altar Valley west of the range. Both are 

paved, all-weather roads which are closed only infre

quently by flooding due to summer thundershowers. 

Prom the town of Sahuarita on Highway 89, Helmet Peak 

Road, a graded dirt road connects with the Twin Buttes 

Road, at a point about a mile south of Helmet Peak. 

About four miles south of this junction on the Twin 

Buttes Road is the junction with the McGee Road at 

the old town of Twin Butte3. The McGee Road provides 

access to the heart of the area. A. number of partially 

improved ranch roads and jeep trails provide access to 

within one and one-half miles of any point in the entire 

area under study with the exception of Samaniego Peak. 

Ranching and mining activities over the years by members 

of the McGee settlement have served to steadily improve 

access to the higher elevations. 
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Ollmate and Vegetation 

The climate of the Sierrita area is typical of 

an arid desert region. The summers are long and hot, 

the winters short and mild. Precipitation is scanty 

and the humidity is generally very low. Official U. 3. 

Weather Bureau Records at the Tucson station show a 
0 * 

record low of 6 P. and a record high of 117 P. with 

an annual average temperature of 66 P. Conversations 

with ranchers in the Sierrita area indicate that, due 

to the higher elevation, the Sierrita temperatures 

are generally about 10°lower than those recorded in 

Tucson, both summer and winter. 

Precipitation records kept at the McGee Ranch 

(N. S. McGee, personal communication) over an eight-
» 

year period (1954-1962) show an average annual precip

itation of 17.24 inches. This precipitation comes 
» • 

predominantly in the form of brief, violent thundershowers 

during the summer months. The largest single rainfall 

recorded during the period was 2.35 inches. Snowfall 

is not uncommon on the higher slopes of the mountains, 

but it rarely accumulates to more than 8-10 inches and 

usually dissipates rapidly. 

The vegetation, like the climate, is typical of an 

arid desert region, although two rather distinct floral 

assemblages occur, depending on the elevation. 



In the valley adjacent to the mountains, a wide 

variety of cacti, such as prickly pear, staghorn and 

common cholla, barrel cactus, ocotillo, saguaro and 

century plants, are found in abundance. In addition to 

the cactus, the valley slopes support creosote bushes, 

greasewood and buffalo grass. Cottonwood and mesquite 

trees, both of which require more moisture than the 

cactus varieties, are not uncommon in the area, but 

are closely confined to the wash bottoms and canyons 

which form the main watercourses, A. somewhat unusual 

occurrence is the grove of large oak trees found along 

&8peranza Wash near the eastern limit of the area. 

The higher mountain slopes support a somewhat 

different floral assemblage than that found at lower 

elevations. The cactus varieties are much less promi

nent and scrub oak and Jack pine take their place. 

Pinon pine and some cedars are common above 5»000 feet. 

Cultural Aspects 

The earliest forays into the Sierrita Mountains 

by white men were made by prospectors in the 1370's and 

1880's in search of gold. The first, and indeed the 

only, permanent settlement on the east side of the range 

wss the McGee settlement. The ancestors of the present 

inhabitants of the McGee colony, though Americans, reached 



the Sierritas from Mexico. Their first settlement was on 

the southwest side of the range. It served mainly as a 

base camp for placering and prospecting for precious 

metal-bearing veins. Around the turn of the century, 

the McGees' moved into their present location on the 

eastern slopes of the range and established a permanent 

settlement. 

Today about 150 people reside in the McGee 

community. Their livelihood is gained either from 

cattle-raising, work at one of the nearby open-pit copper 

mines or as members of the partnership of Slerrita 

Ranching and Mining Company, a firm which specializes 

in the construction and road work connected with pros

pecting and mining. 

Throughout the history of the settlement, the 

higher reaches of the mountains have been sporadically, 

but intensely, prospected for gold, silver, copper, lead 

and zinc and more recently, uranium. The mountains are 

pock-marked by prospect pits, shafts ar^d tunnels which 

remain as mute testimony to the preseverance and indus-

tri,ousness of these hardy people. The last recorded 

metallic production was in the early 1950's from the East 

Star gold mine near Keystone Peak (E. A. McVey, personal 

communication). 



Physiography 

Southeastern Arizona Is a part of the Basin and 

Range physiographic province as defined by}Fenneman (1931) 

Fenneman's breakdown of the state was on a strictly physio 

graphic basis and some of his subdivisions cut across 

easily discernible regional structural units. A. more 

adequite subdivision premised on a combination of physio

graphic and structural units was proposed by Wilson and 

Koore (1959)* Figure 2 is a reproduction of their 

regional subdivisions for the state. The subject area is 

still a part of the Basin and Range Province, but the 
« 

regional pattern shown seems like a better choice. The 

Basin and Range Province is characterized by echelon 

mountain ranges rising out of alluvial valleys. Though 

all of southern Arizona is part of the Basin and Range 

Province, there is a distinct difference in the character 

of the Province from one end of the state to the other. 

The western part of that state is marked by isolated, low 

ranges which appear as "islands" In a "sea" of alluvium, 

while the eastern part of the state is characterized by 

high, rugged, continuous mountain chains separated by 

long relatively narrow alluvial valleys. The place where 

this change is most noticeable is along the Santa Cruz 

River valley where the Sierrlta Mountains, a low, par

tially isolated range on the west side of the valley 
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opposes the Santa Rita Mountain chain on the opposite 

side of the valley. 

The Sierrita Mountains rise steeply above a 

broad bajada, At slightly over 6,200 feet, the crest of 

the range lies less than three miles west of the change 

in slope marking the edge of the pediment, at an eleva

tion of about 4,500 feet. Prom this point, a pediment 

slopes smoothly and gradually to the Santa Cruz valley, 

some 15 miles to the east and 2,000 feet lower in eleva

tion. Though not a particularly high range, the Sierri-

tas are very rugged and consist of a series of short 

spurs coming off of a generally north-south ridge crest. 

These spurs are separated by narrow canyons cut deeply 

into bedrock. 

Topographically, the range is somewhat unusual 

because of a sharp change in the slope of the bedrock 

surface between the mountain slopes and the pediment 

surface. Tuan (1959)» in discussing the Sierrita pedi

ment, suggests the possibility that the slope change may 

be the result of recent uplift within the range and that 

the pediment may represent an exhumed sub-alluvial bench 

The validity of these suggestions will be considered in 

a later section. 
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Statement of Problem 

Background and Reasons for 3tudy 

The geologic study of the Slerrita Mountains was 

undertaken in 1959 at the suggestion of Professor w. 0, 

Lacy of the University of Arizona Department of Geology. 

It was supported, in part, by a grant from the Kennecott 

Copper Corporation. 

The area holds great Interest from an economic 

point of view, lying as it does adjacent to the Pima-

Twin Buttes-Bsperanza mining district* This district, 

presently producing at the rate of about 35»000 tons of 

cdpper ore per day, has been the focal point of an 

exploration effort of immense proportions during the 

last 15 years. During that period, copper ore deposits 

have been discovered and developed by Pima Mining Company 

(Pima deposit), American Smelting and Refining Company 

(Mission deposit), Duval Corporation (Esperanza deposit) 

and the Anaconda Company (Twin Buttes deposit). Pub

lished reserves for these deposits total approximately 

500 million tons. 

Prom a more academic viewpoint, the Sierrita 

Mountains, though easily accessible from Tucson, have 

never been subjected to a comprehensive study in an 

effort to fit them into the broad geologic framework 
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of southern Arizona. This entire region is one of 

extremely complex geology in an area with all too few 

outcrops. Containing a broad variety of Cretaceous and 

Tertiary igneous and volcanic rocks, the Sierritas rep

resent an opportunity to add valuable information to our 

fund of knowledge. 

Problems to be Jtudied 

The study of the oierrita Mountains is undertaken 

with the intention of providing as much information as 

possible while covering as large an area as possible in 

the time available. Emphasis is placed on an ultimate 

goal of providing information useful for regional cor

relations. 

Included as integral parts of the study are the 

•petrology and petrography of the igneous and volcanic 

rocks, the stratigraphic relations of the volcanic sec

tion and its age relative to periods of intrusive igneous 

activity. Structural elements, such as faults, folds, 

joints and micro-structural features are recorded in an 

effort, not only to define the overall structural frame

work of the area, but also to delineate its structural 

history. 

A study of alteration and mineralization in the 

area is made in an effort to relate them to the structural 

pattern and sequence of structural events. 
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Methods of study 

The area mapped covers about 30 square miles 

(figure 1). Mapping was done on aerial photographs taken 

by Blanton and Cole, Incorporated of Tucson for Bear 

Creek Kinlng Company. The photographs were made at a 

scale of approximately one inch equals 1,000 feet. Infor

mation recorded on acetate photo overlays was transferred 

to a base map, at a scale of one inch equals 1,000 feet, 

made from an enlargement of the U. J. G. J. Twin Buttes 

Quadrnngle topographic map. The strati.graphic section 

was measured where possible and numerous hand specimens 

were collected for detailed petrologic and petro^raphic 

studios• 

Office studies included the detailed examination 

of 63 tain sections cut from selected hand specimens and 

nine polished sections cut from drill core made available 

to the writer by Bear Creek Mining Company. « Photomicro

graphs were made of sections showing particularly signif

icant relationships. 

statistical analyses of various structural 

elements are made in an attempt to better define the over

all nature of the structural framework of the Sierritas. 

Thr^se analyses take the form of rose diagrams of the 

frequency of occurrence of certain structural elements, 

such as joints directions, linears observed on aerial 
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photographs and fault patterns observed In the field. A. 

stereoscopic examination of the aerial photographs was 

made both to gather data for the aforementioned statis

tical study and also in an attempt to discern, if possible, 

the existence and location of lineament structures too 

large or too diffuse to be readily apparent in the field. 

A. literature study of other southern Arizona 

localities was conducted to gather information for use in 

making correlations between the 3ierritas and nearby 

mountain ranges. Correlations are made in the areas of 

volcanic stratigraphy, periods of Igneous activity and 

structural alignments. 

Review of the Literature 

A review of the literature shows that little work 

has been done in the Sierrita Mountains. P. L. Ransome 

(1922) gave a very brief description of the geology of 

the Jierritas in his dissussion of the ore deposits of 

the area. This report constituted the only published 

information available on the area for nearly forty years. 

Lutton (1953) in an unpublished Master's thesis from the 

University of Arizona, surveyed the structural setting of 

the southeastern Sierrltas and the Ssperanza Mine area. 

Lacy (1959) discussed the mineralization of the Twin 

Buttes area and its relationship to the structure of the 
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Sierrltas. Yi-Pu Tuan (1959) considered in some detail 

the physiography and geoinorphology of the Sierrita area 

and J. R. Cooper (1960) included part of the Sierrita 

Mountains in his study of the geology, structure and 

mineralization of the Twin Buttes area. 

Though It might seem, at first glance, as though 

considerable information is available on the Sierrita 

Mountains, a close appraisal of the literature shows that 

none of those studies mentioned cover the entire area 

and those that are available are generally of a very broad 

reconnaissance nature. It was felt, therefore, that a 

study which would cover a substantial portion of the 

range but, at the same time, provide at least moderately 

detailed information would fill a void in the geologic 

knowledge of the area. 

« 



REGIONAL GEOLOGIC SETTING 

The state of Arizona is divisible into three 

major structural units or provinces: the Colorado 

Plateau, the transitional mountain region and the Basin 

and Range Province. These units are shown in figure 2. 

The Mogollon Rim, which describes a sweeping arc from 

the Grand Canyon country in the northwestern part of the 

state to Korenci in southeastern Arizona, generally marks 

the boundary between the Colorado Plateau and the moun

tain zone. The boundary, however, between the mountain 

zone and the Basin and Range Province is much less well-

defined. As shown on figure 2, the mountain zone pinches 

out in the northwest corner of the state and the Basin 

and Range butts directly up against the Colorado Plateau. 

As one travels southward along the curve of the Plat-eau, 

the mountain region becomes wider and the mountains 

within it become higher and more rugged. The transition 

from mountain zone to Basin and Range, though shown as a 

definable line, is really rather gradual and ill-defined. 
> 

The mountain ranges gradually become more Isolated and the 

intermontane basins become larger and more prominent. 

Over geologic time, Arizona has tended to be an 

area which was either slightly submerged or slightly 

emergent. Though all Paleozoic periods except the 

15 
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Ordovlcian and Silurian are represented In the state, the 

deposits are relatively thin. During mesozoic time, 

Arizona became an area of greater tectonic and sediroen-

tational activity with both the Nevadan and Laramide 

orogenies being well-represented. The Cenozolc Bra is 

represented by volcanic activity, erosion and creation of 

the present structural and geomorphic patterns. 

The oierrita Mountains are situated in the heart 

of the Ba3in and Range country of southern Arizona. They 

represent a range separated spatially from others in the 

area. This tends to make structural correlations diffi

cult and stratigraphic correlations tenuous. In this 

regard, the work; being done by the University of Arizona 

Geochronology Laboratory (Damon, 1964) In dating the rocks 

and geologic events in southern iVrizona Is of great value. 

Hocks of Paleozoic age are exposed in the Twin 

Buttes area and also along the western flank of the 

range. .Vithin the area specifically covered by this study, 

no rocks older than Oretaceous were recognized. Creta

ceous and Tertiary igneous rocks, both intrusive and 

extrusive, constitute the bulk of the rocks mapped. A.n 

intrusive episode of Tertiary age followed the extrusion 

of a thick series of intermediate to acid volcanic rocks. 

The volcanics cover much of the southern and western 

portions of the area mapped, and in general, form a wide 
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belt which wraps around the intrusive core of the 

Jlerritas. This intrusive core was the site of local 

uplift and doming in early Tertiary time, which has 

produced a gentle to moderate dip in the volcanic rocks. 

Two main periods of structural activity were 

recognized, one late Cretaceous and one mid-Tertiary. 

These two periods bracket the intrusion of the igneous 

complex, 

A. complex group of intermediate to acid intru

sive rocks occurs over much of the area mapped (figure 

3). They are intrusive into an equally complex sequence 

of ande3itic and rhyolitic volcanics. The volcanic 

sequence includes flows, tuff breccias, welled and 

r. :;v.-2l.-jd tuffs and ^l ome rates '.1th thin interbeds of 

clastic sediments. This sequence is present over much of 

the southern and western part of the range. Thorns (per

sonal communication) mapped a similar and more extensive 

section on the west side of the range. The intrusive 

complex ranges in com-oosition from diorite to alaskite 

and includes quartz monzonite, granodlorlte, granite and 

latite, as well as a variety of dike rocks. 

The structural history of the area Is nearly as 

complicated as the rocks involved, with two major periods 

of deformation represented over the entire region and 

numerous local deformational episodes. The early period 
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of deformation occurred subsequent to the deposition of 

the volcanlcs, while the later deformational episode 

followed intrusion of the igneous complex. 

Mineralization ranging from extensive "porphyry 

copper-type" concentrations of copper and molybdenum to 

small high-grade veins of lead, sliver and gold Is 

present in the district. Jmall concentrations of uranium 

minerals are present at one locality. Though post-intru-

sive in age, the mineralization is controlled by both 

early and late structural trends. 

The area, as a whole, is rather typical of the 

ranges of southern Arizona. The geologic and structural 

history of the Cretaceous-Tertiary interval is extremely 

complex and is marked by abundant igneous activity, both 

intrusiv • and extrusive. 



DESCRIPTIVE GEOLOGY 

Igneous rocks 

General Considerations 

Approximately 60-70 percent of t\ie area mapped 

consists of intrusive igneous rocks. While a wide vari

ety of individual types is represented, the intrusives 

are, as a group, intermediate to acid in composition, 

medium grained in texture and hypabyssal in origin. They 

occur over the entire eastern half of the area, much of 

the area north of Samaniego Peak and as a north-south 

strip along the western border of the ire.i. Except for 

that part of the area lying on the Sierrlta pediment, 

outcrops are generally good. East of the McGee Ranch, 

the outcrops become somewhat spotty and are continuous only 

along the major drainage courses. 

Though seven major intrusive igneous varieties 

have been mapped, as well as several dike rocks, it is 

felt that all were emplaced during late Cretaceous or 

Tertiary time. Creasey and Klstler (1963) have shown that 

the equlgranular granodiorite, defined originally by 

Cooper (I960) and mapped extensively in the present 

study was emplaced during very latest Cretaceous or 

earliest Tertiary times. The intrusion of the equlgranular 

19 
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granodiorlte was preceded by the emplacement of the bio-

tite diorite of Cretaceous age. Igneous rocks of 

undoubted Tertiary age Include the alaskite-granite, the 

latlte plugs and the apllte dikes which occur over much of 

the area. 

Blotite diorite 

A body of blotite diorite crops out in the 

southeastern part of the area mapped. It covers about 

two square miles just west of the Bsperanza Mine on the 

extreme eastern edge of the area. It •^"•enrr: to be 

bounded on the east side by the Ssperanza .sash fault, 

but rocks mapped as andeslte in the Esperanza Pit by 

Duval Corporation geologists (Lynch, 1965» in preparation) 

nay be equivalent to the blotite diorite. The blotite 

diorite forms a roughly rectangular outcrop pattern with 

the long dimension of the rectangle trending approximately 

N70 a. This trend is a representation of the early north-

west- trending structures described by Cooper (1960). It 

is further accentuated by the existence, at the northwest 

end of the main blotite diorite outerov area, of two 

parallel, elongate prongs of diorite which extend outward 

from the main diorite mass. In addition, small outcrops 

are scattered through the quartz Tionzonite and, though 
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some of them reach significant size, they are thought to 

represent blocks caught up in the quartz monzonite. 

Outcrops of biotite dlorite are generally some

what subdued (figure 16). The rock Is gray to black in 

color and weathers to a very low-relief surface. In 

spite of this, however, it is quite readily distinguished 

from surrounding rocks because of its color. The dark 

gray weathering color is in marked contrast to the tan to 

reddish weathering color of the nearby rocks. Exact 

location of contacts is sometimes difficult, however, 

because the dlorite is 30 highly susceptible to erosion 

that outcrops are often poor. 

In detail, there are two distinct types of biotite 

diorlte (figure 35)• Though in most instances the two 

are readily distinguishable in outcrop, they are not 

mapped separately because both types are basically the 

same rock. One type is a soft, friable, raedium-p:rained 

rock with a very prominent salt and peoper texture. It 

is easily eroded and forms very low, subdued outcrops. 

It tends to be a little lighter gray than 'the other var

iety of diorlte. A.s will be shown later, this variety 

of biotite diorlte represents a highly altered phase of 

the rock. 

The second variety of biotite diorlte is a tough, 

fine-grained, dark gray rock characterized by interlock

ing lathes of plagioclase and hornblende. This variety 
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exhibits a somewhat more resistant outcrop and a Joint 

pattern that is very prominent and well-developed. The 

salt and pepper texture so prominent in the first variety 

of biotite diorite is not evident in this second variety 

and instead, a very dense, equigranular texture is pres

ent. subsequent studies showed that this rock:, though 

seemingly fresher than the other type, was actually the 

site of moderate to intense recry3talllzatlon. , 

The reasons that a chemically homogeneous rock 

reacted in two quite different ways to agents of alter

ation is not clear. There is a suggestion, however, that 

the two types reflect different structural environments. 

The soft, highly altered variety appears to represent 

more intense alteration brought about by closer associa

tion with structural elements such as the 3ierrita and 

Cowboy /v'ash structures. Both textural varieties show 

intense mineralization associated with the alteration and 

quartz veinlng. The significance of this will be dis

cussed in detail in a subsequent section. 

In thin section, the two varieties described above 

show distinct differences which are, for the most part, 

attributable to the effects of hydrotherraal alteration. 

The soft, salt and pepper-textured variety shows 

in thin section a fine-grained igneous texture composed of 

lathes of calcic andeslne plagioclase (An^g) which show a 
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rude alignment (figure 43). This suggests an igneous 

texture which is further indicated by the presence of 

biotite and hornblende crystals interlocking with the 

plagioclase laths. Calclte, as a minor constituent of 

the main fabric or the rock and also as narrow velnlets, 

epldote and opaque minerals, mainly pyrite, are present 

in minor amounts. Alteration has been active on vir

tually all of the constituent minerals. The plagioclases 

have been extensively altered to clay and the mafic 

minerals show widespread post-crystallization trans

formations to chlorite. Jome of the calcite present 

is clearly hydrothermal in origin and forms velnlets 

within the rock. 

The fine-grained, tough, dark gray diorite Is 

characterized by a fine fabric of plagioclase (calcic 

andesine), biotite, hornblende and quartz. Thin sec

tions show considerable recrystallization of mafic 

minerals and quartz. The plagioclases show moderate to 

intense alteration to clay-sericite minerals. Narrow 

velnlets transecting the fabric of the rock are common. 

These velnlets are representatives of a somewhat later 

phase of crystallization and are composed of quartz, epl

dote, chlorite, orthoclase (In minor amounts) and 

pyrite -ciialcopyrlte. The crystal form of many of the mafic 
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minerals suggests that they represent pseudomorphs of 

biotite after hornblende. 

Although the evidence is not unequivocal, the 

blotite dlorlte appears to be late Cretaceous(?) in 

age. It is definitely older than the equigranular grano-

diorlte (Oooper, I960) which has been dated (Oreasey and 

Kistler, 1963) at -nlllion '"vnrs. ' i-jcko oxoosed in 

prospect pits in Section 7, T1'35, R12S show contact 

relations between the blotite diorite and biotite quartz 

monzonite which leave little doubt that the blotite 

diorite is ihe older of the two (figure 17). The bio

tite quartz monzonite is in turn intruded by the equi

granular granodiorite mentioned above. This establishes 

definitely a younger age limit for the blotite diorite. 

This younger age limit was confirmed in drill core which 

showed equigranular granodiorite intruding the biotite 

diorite. 

A.n older age limit for the biotite diorite is 

less clear. To the writer's knowledge, the biotite 

diorite is found in contact only with the two rocks 

mentioned previously, both younger. The nearest older 

intrusive rocks (Precambrian) arc found in the Twin 

Buttes area some eight miles to the east. The emplace

ment of the biotite diorite apparently was controlled 

by the northwest-trending Sierrita structure. Cooper 
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(i960) gives evidence for a Cretaceous episode of 

tectonic activity resulting In northwesterly-trending 

structures. Other evidence, discussed elsewhere, Indi

cates several periods of activity along the dierrlta 

trend. All things considered, a late Cretaceous(?) 

age for the biotite diorite appears most tenable. 

Coarse-grained Jranlte 

The northern part of the map area is occupied 

by a coarse-grained gray granite characterized by a 

low mafic content. It forms a wide band which lies 

across the north end of the range, extending well out 

into the pediment on both the ea3t and west sides. 

Though the rock shows no discernible difference, its 

outcrop pattern is quite different in the pediment than' 

it is in the mountains. In the lower areas, outcrops 

are generally confined to washes although inter-wash 

areas may consist of smooth outcrops of granite covered 

by a thin layer of granite detritus. Outcrops are gener

ally deeply weathered and very soft (figure 18). They 

vary from buff to a fairly deep red-brown color, some 

of the red color may be due to the presence of small 

amounts of iron oxide. Outcrops of the granite in the 

mountain range Itself are much more prominent than those 

just described* The rock is buff to gray in color and 
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the outcrops are very rounded. Jointing is very prom

inent in some areas. Granite areas are covered by 

weathered granite detritus consisting of granular rubble 

up to oile inch in size. 

The granite consists of quartz, potash feldspar 

and plagioclase. Mafic minerals are scarce enough to be 

almost considered as accessories. The predominant mafic 

mineral is blotite and it normally shows well-developed 

crystal outlines (figure 32). Individual grains average 

about one-eighth to one-fourth inch in size and are, for 

the most part, easily identifiable with a hand lens. The 

grain size of the granite is somewhat variable and, in 

some areas, the rock closely approximates ape-matltic. 

These textural changes are, however, entirely gradatlonal 

and the total volume occupied by the pegmatitie phase is 

v«ry f'ic rock is holocryatalllne -uiu eoui-r--. iulir. 

The coarse-grained designation is used to delineate this 

rock from the fine-grained variety of lsucogranite. 

-i ;'r<j'j'i riurfaco, it is buff to light gray. cattiered 

burfacen are tan to reddish brown and are usually soft and 

crumbly. 

Kicroscopic examination of the rock reveals a 

holocrvstalllne hypidiomorphlc texture composed of 

anhedral quartz and orthoclase which are interstitial to 

euhe'iral to subhedral plagioclase (fi^rure 49). Biotite 
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occurs as subhedral flakes. It Is, however, not an 

iriDortant constituent of the rock. 

Accessory minerals include apatite, zircon, sphene, 

magnetite and opaques. The plagloclase is calcic oligo-

clase (^n20 25) and is invariably twinned, showing either 

slblte twlnnln^ or, more rarely, Jarlsbad twinning. The 

average size of the plagloclase crystals is about five to 

ten mm. 3ome zoning of the plagioclases was noted, with 

cores of sodic andeslne (^55.60) and outer zones of sodic 

ollgoclase (An^) or even albite (An^). Zoning, however, 

Is not a major feature of the rock although, when it does 

occur, It is well-developed. Often, the cores of zoned 

plagloclase crystals are altered to a very fine-grained 

mass of serlclte(?) It is unclear whether the altera

tion developed in the cores of zoned plagioclases is 

serlclte or clay, and the determination of serlclte is 

based on the fact that elsewhere plagloclase Is altered 

to sericlte, as well as by the fact that the inter

ference colors exhibited by the alteration mineral 

closely resemble those shown by sericlte. Alteration of 

Dlagioclase, other than that described above, Involves the 

development of serlclte along the edges of plagloclase 

crystals. 

The normal potash feldspar is orthoclase which 

occurs in anhedral masses, and less commonly, subhedral 
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crystals. The average size of both masses and crystals 

is about three to five mm. Carlsbad twinning is present, 

but not common. Some perthitic intergrowths were noted, 

but this does not appear to be a major petrographic 

feature of the rock. Orthoclase often occurs intergrown 

with quartz in the intergranular spaces between plagio-

clase crystals and in some sections, raicropegmatltlc 

Intergrowths of orthoclase and quartz are common. Alter

ation of the potash feldspars has only occurred to a 

minor degree. Many of the orthoclase grains show a 

dirty, turbid appearance. In sections consisting of 

quartz, plagloclase and orthoclase, viewed with plane 

polarized light, the first two minerals normally appear 

colorless, but orthoclase shows a tannlsh-gray speckled 

appearance. This results from incipient alteration 

of the orthoclase crystals. 

Quartz, like orthoclase, is usually anhedral, 

filling spaces between plagloclase crystals. It appears 

as a clear mineral, with few, if any, inclusions. Minor 

amounts occur intergrown with orthoclase and a few grains 

showing undulatory extinction were seen. In general, how

ever, the quartz shows little evidence of post-crystalli

zation strain. 

Biotite is the only primary mafic mineral present. 

It is medium to light brown in color and universally 



shows the characteristic "birds-eye" extinction pattern. 

Crystals average about five mm. in diameter and are 
4 

usually subhedral. A.nhedral green masses of chlorite, 

probably pennine, often occur secondarily, developing 

from the breakdown of blotite. In such instances, 

small grains of magnetite are also present, kreas of 

chlorite development are often the site of other opaques 

besides magnetite, usually pyrite in small cubes and, 

less often, anhedral blebs of chalcopyrite. The amount 

of these sulfides present is very small and they are 

thought to represent primary constituents of the rock: 

rather than a hydrotherraal phase. 

Accessory minerals include sphene, apatite and 

zircon, along with sulfides and magnetite. The last 

two of these have been discussed above. irvime occurs 

as very small (less than one mm.) brown crystals scat

tered through the rock. Apatite and zircon occur as 

small colorless crystals. The crystals are small enough 

so that their crystal form is not readily apparent 

although what appears to be the hexagonal form of apatite 

is noted in a few instances. Identification Is made on 

the basis of size, general appearance and occurrence. 

Examination of thin sections of the pe^natltln-

phase of the coarse-grained granite reveal essentially 

the same characteristics as those described above, with 



some modifications. Grain size Is larger, generally 

averaging about ten mm. across. The essential minerals 

are present in some what different proportions, with 

orthoclase and biotite more abundant and plagioclase 

correspondingly decreased. The intergrowths described 

earlier, nerthlte and micropegmatite, are better devel

oped and more widespread and alteration of the minerals 

is considerably less apparent. It is probable that the 

pegmatitic phase is somewhat later than the main crystal

lization, but gradational contact relationships in the 

field indicate that no significant gap in time occurred 

between the two. The compositions for the two phases 

listed in Table 1 represent analyses of five thin sec

tions of coarse-grained granite and two of the pegmatitic 

phase. 

Coarse grained granite is intruded by eouigranular 

granodiorite in the northeastern part of the area. It 

is also intruded by the alaskite-granite and the tourma

line granite in the western sector. While field reltaion3 

are unclear, it is probable that the biotite quartz monzon-

ite also intrudes the coarse-grained granite. On the 

east slope of Jamaniego Peak, coarse-grained granite cuts 

volcanics of Cretaceous(?) age. Thus, the granite Is 

bracketed between Cretaceous(?) volcanic3 and granodiorite 

dated as late Cretaceous or early Tertiary. The intrusion 
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Table 1. Mineralogic composition of two phases 
of coarse-grained leucogranlte. 

Coarse-grained Pegmatltic 
phase phase 

quartz 35 •% 35* 

orthoclase 30$ 35% 

pla^ioclase 20t 15# 

biotite 5-81 1?-15> 

chlorite 2-3^ 1* 

ij-nhene > > 

zircon 
>4-8S >1.3 

magnetite , 

sulfides 

of granite appears to represent an early episode in the 

complex Intrusive cycle represented In the area. 

Biotite quartz Konzonite 

Biotite quartz monzonite occurs extensively over 

much of the pediment east of the main range and south of 

the McGee Road, It is in contact with Cretaceous(?) 

volcanics on the slopes we3t of the McGee Ranch and also 

in the extreme southeastern part of the area in the 

vicinity of Quartz Hill. In both of these areas, the 



quartz monzonlte intrudes the volcanic sequence although 

at the Quartz Hill locality the evidence is not unequivo

cal. Quartz monzonlte surrounds the blotite diorite on 

three sides in Section 7 and in this area, Its position, 

like that of the diorite, appears to be controlled by 

the Sierrita fault trend. North of the diorite, the 

quartz monzonlte is intruded by equigranular granodiorite. 

When mapping was first Initiated in this area, it was 

felt that the rock lying between the diorite and unques-
« 

tloned outcrops of granodiorite represented a border 

phase of the granodiorite because it resembled that rock 

quite closely. There were some differences and Cooper 

(1960, p. 70) referred to the rocks here as "somewhat 

atypical granodiorite". Continued mapping, however, 

showed that in the area west and south of the diorite, 

away from the effects of the granodiorite intrusion, the 

quartz raonzonlte assumed a character quite distinct from 

that of the granodiorite. It is now felt that the out

crops north of the diorite, rather than being atypical 

granodiorite, are somewhat atypical quartz monzonlte. 

Contacts between the two rocks can be seen, though their 

delineation is made difficult by the great similarity of 

the two and the scarcity of good exposures. 

In outcrop, the biotlte quartz monzonlte Is a 

light gray to tannish color. It is medium to fine



33 

grained with individual minerals discernible with the aid 

of a hand lens. The most characteristic feature of the 

rock, both megascopically and in thin section is the mode 

of occurrence of the biotite. Biotite forms in clots of 

small crystals. The clots range up to one-fourth inch 

across and give the rock a somewhat spotted or splotchy 

appearance. 3ome of the larger clots almost resemble 

rosettes in appearance. 

On a freshly broken surface, the rock is medium 

to light gray in color with visible quartz, plagloclase 

and biotite crystals (figure 3.1 ) • The plagloclase some

times has a faint purplish tinge in which case the general 

appearance of the rock is somewhat darker. Scattered 

small pods and disseminated crystals of black tourmaline 

occur in some areas. Their significance will be taken up 

later. Quartz monzonite is not a particularly resistant 

rock. In the pediment area, outcrops appear only along 

washes and are quite spotty between the washes. Many of 

the low ridges are held up by latite dikes rather than 

quartz monzonite. The exposures are better on the moun

tain slopes, but quartz monzonite usually forms quite 

subdued outcrops. 

Several small breccia pipes occur in the Oowboy 

.Vash area (figure 19). The most prominent of these forms 

the hill west-northwest of Quartz Hill. The breccia pipes 



are roughly circular in plan and consist of angular frag

ments ranging from one to four inches in size. They are 

intensely silicified and relict quartz monzonite is 

discernible only in a few places. The fragments, which 

constitute 75-80 percent of the rock, are set in a matrix 

of quartz and sericite. .Small disseminated cubes of 

pyrite are present both in the matrix and in the more 

silicified portions of the fragments. Hematite staining 

has given the breccia a deep reddish-brown color in many 

places. Other than the pyrite cubes, the piper, .viov: no 

evidence of sulfide mineralization and are not of eco

nomic importance. They are considered in this section 

because they occur in the quartz monzonite and are 

composed of altered fragments of that rock. 

Microscopic examination of the blotite quartz 

monzonite show the rock to consist of subhedral plagio-

clase and biotite crystals surrounded by intergranular 

masses of quartz and potassium feldspar. Jamples of 

quartz monzonite collected in the zones between the 

diorite and granodiorite, frequently contain sufficiently 

abundant potash feldspar for the rock to be classes as a 

granite, but it is felt that a good portion of this 

represents potash metasomatism of an originally quartz 

monzonltic roc<. 
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Plagloclase, which normally constitutes about 40-

45 percent of the rock, varies from sodlc andesine {A1135 ) 

to calcic oligoclase (kn^) and occurs in subhedral laths 

which do not show a discernible orientation. Twinning 

according to the albite law is present in almost all 

crystals with Carlsbad twins occasionally present, but not 

common. 3ome normal zoning from cores of calcic andesine 

(about kn^Q^ej) to rims of sodic oligoclase (An10_^). 
« 

Here, as was the case with zoned plagioclases In the 

coarse-grained granite, the cores of such crystals are 

selectively altered to fine-grained sericlte(?). In some 

of the crystals showing coarse albite twin lamellae, 

there was the suggestion that individual twin lamellae 

were selectively altered but the occurrences were too 

infrequent to reach a definitive conclusion. Other than 

the selective alteration noted above, the plagloclase 

crystals are largely fresh and unaltered. 

The potassium feldspar is orthoclase, occurring 

in anhedral masses interstitial to the plagloclase laths. 

Carlsbad twin pairs are present in about 25 percent of the 

grains. Some of the larger orthoclase anhedra show inclu

sions of quartz which are not optically oriented. It is 

probable that in such instances, pre-existing quartz 

grains were included in growing orthoclase crystals. 

Velnlets and masses of secondary (metasomatic) orthoclase 
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are present in sections cut from specimens taken in the 

"contact" zone near the granodiorite contact in Section 7. 

It is often difficult to distinguish between primary and 

metasomatic orthoclase, but several criteria were found 

useful. Metasomatically-derived orthoclase usually 

occurs in veinlets which cut pre-existing grain boundaries. 

3uch veinlets are often associated with other minerals 

of secondary origin, such as quartz sericite, epldote 
« 

and sulfides. Additionally, the metasomatic orthoclase 

usually has a fresher aspect than its primary counterpart 

which normally is more or less altered to a fine-grained 

clay aggregate. 

Quartz occurs as anhedral interstitial masses or 

in the secondary veinlets described above. It is clear of 

inclusions, and no evidence of post-crystallization strain 

was noted. 3mbayment of some grain boundaries suggests 

re-working of the quartz, which probably accompanied 

hydrothermal introductions of silica and potash. 

Biotlte, which is distinctive in its occurrence 

in hand specimen, is equally distinctive in thin section. 

The mafic clots described earlier were found to consist 

of an unoriented aggregate of small biotite flakes 

(figure 47). The flakes are subhedral and usually show 

"birds-eye" extinction. Normally, the biotite is light 

brown, but some flakes show a greenish tinge. Biotite 
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usually makes up about 15 percent of the rock, but Its 

inhomogeneous distribution makes accurate estimates of 

its abundance difficult. Specimens from the main quartz 

monzonlte mass show very little alteration of blotite, but 

in the "contact" zone, formation of green chlorite from 

blotite is fairly common. Additionally, in this area, 

sulfide clots are often associated with blotite-chlorite 

aggregates. 

Accessory minerals, whose aggregate ̂ abundance is 

only about five percent, Include apatite, zircon, 

fluorite(?), magnetite (usually secondary, with blotite 

and chlorite), tourmaline and sulfides. Tourmaline 

(iron-rich 3chorllte) occurs as distinct prismatic 

crystals or 3mall fibrous masses in parts of the quartz 

monzonlte. It is especially noticeable in the Oowboy 

Wash area. The presence of tourmaline indicates boron 

introduction. Jimilar occurrences of tourmaline in the 

tourmaline granite and fine-grained leucosrranite indicate 

a phase of deuteric alteration connected with the intrusion 

of these rocks. Its relationship to mineralization will 

be discussed in a later section. 

The age relations of the blotite quartz monzonlte 

are quite clear-cut. It intrudes the diorlte which was 

itself emplaced following deformation forming strong 

north-west trends. Though surface exposures revealing 
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contact relations with the granodlorite leave a good deal 

to be desired, good evidence for the Intrusion of grano

dlorite into quartz monzonite was seen in drill core from 

holes which were collared in diorite in ejection 7. Thus, 

the quartz monzonite is bracketed in time between the 

diorite and granodiorite. 

The reasons for the development of the atypical . 

phase of quartz monzonite north of the dioiite are, for 

the most part, probably structural. In that area, the 

quartz monzonite has a triangular cross-section (figure 

4), It is bounded on the south by diorite and on the north 

by granodiorite. The granodiorite extends under the 

quartz monzonite and, farther south, is in direct con

tact with the diorite. Thus, the quartz monzonite is 

actually quite a small body which would therefore be more 

susceptible to contact effects. The buttressing effect 

of the diorite, combined with the existence of the Cowboy 

Wash structural trend probably served to heighten this 

susceptibility. 

Tourmaline Granite 

One of the smaller intrusives mapped is a tourma-

line-bearing granite which crops out over an area of 

about one square mile in. the west-central part of the 

map area. Outcrops of the same rock are more extensive 
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down the western slopes of the range (Thorns, personal 

communication). Tourmaline granite is bounded on the 
• 

south by fine-grained leucogranite, the contact repre

senting the trace of the Ash Greek fault. Coarse-grained 

granite bounds the tourmaline-bearing variety on the 

north and on the east, alaskite granite and the lowest 

unit of the Oxframe volcanics are in contact with tour

maline granite. The emplacement of the granite was, at 

least in a general sense, structurally controlled, elon

gated along a northeasterly trend. 

The rock forms good exposures which weather to a 

distinctive dark gray color. A.long the trace of the 

Tascuela fault, the dark tourmaline granite outcrops are 

in sharp contrast to the buff-hued fine-grained leuco

granite exposures south of the fault. In hand specimen 

the rock is medium to light gray in color with a fine

grained equigranular texture (figure 33). Quartz, feld

spar, biotite and tourmaline are distinguishable with a 

hand lens. Some specimens show a higher mafic content 

than normally occurs in a granite, but this appears to be 

a local condition. The presence of tourmaline is the 

distinguishing feature of this rock. It occurs as iso

lated prismatic crystals, lenses and rosettes. The 

latter occurrences are made up of numerous small tour

maline crystals. 
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Megascopically, the rock appears to be }ulte 

fresh, showing nothing other than surface weathering 

effects. The fresh aspect of the rock: is borne out by 

petrographic analysis, The deuteric phase which resulted 

in the addition of boron in the form of tourmaline to 

the rock seemingly produced no other significant changes. 

In thin section, the tourmaline granite exhibits 

a fine-grained holocrystalline fabric consisting of 

euhedral to subhedral plagioclase crystals, subhedral 

orthoclase and biotite and anhedral, interstitial quartz 

(figure 52). In addition, of course, subhedral to euhe

dral tourmaline crystals occur. 

The plagioclase is sodic oligoclase (\n^) and 

invariably shows well-developed albite twinning charac

terized by fine lamellae. Little zoning is present In 

the plagioclase and where it does occur, it is poorly-

developed and the compositional boundaries are very 

hazy. The crystals are fresh and no significant alter-? 

ation could be seen. 

The potash feldspar is orthoclase which is 

characteristically subhedral to anhedral, clear of any 

inclusions and unaltered. Though the rock is generally 

equigranular, occasional phenocrysts up to three milli

meters occur in a goundmass whose average grain size is 

about one millimeter. Some Carlsbad twinning occurs in 
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the orthoclase crystals, but it is nor a common feature 

of the mineral. The turbid, dusty aspect so common in 
* 

orthoclase is not present in this rock. A few grains 

show some development of a mlcrographic texture, but it 

appears to be in an incipient stage. 
i 

Quartz occurs as anhedral masses filling inter

stitial spaces between the feldspars. It is normally 

without inclusions of any sort and shows no evidence of 

strain. There is no evidence of post-crystallization 

introduction of quartz. 

Biotite is the mafic constituent, occurring; a3 

subhedral brown flakes which show "birds-eye" twinning 

upon rotation. Biotite flakes are generally isolated 

from one another and the rock shows little tendency toward 

mafic clots. Alteration of the biotite is very minor, 

consisting of occasional thin rims of green chlorite. 

Tourmaline occurs as small, isolated prismatic 

crystals or as fibrous radial clots of many small crys

tals. It is gray to black in color and ;ias been 

designated as the iron-rich variety, schorlite. This is 

the same variety of tourmaline which occurs in the quartz 

monzonite and fine-grained leucogranite. The associa

tion of tourmaline with each of these three rocks, all of 

essentially the same age points to a late stage deuteric 

phase involving release of boron in the already-
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crystallized rocks. It 1s possible that the tourmaline 

represents metasomatic introduction of boron, genetically 

unrelated to the intrusives, but this appears unlikely 

due to the distribution of the tourmaline. 

The tourmaline granite is intrusive into the 

Oretaceous(?) volcanlcs with which it is in contact as 

well as the coarse-grained granite. Mutually intrusive 

relations exist with the fine-grained leucogranite and 

the two are considered to be contemporaneous. These two 

rock types, along with the quartz monzonite, make up a 

trio of intrusives which fall, age-wise, between the 

earlier diorite and coarse granite and the later grano-

diorite and alaskite granite. 

Pine-grained Leucogranite 

An elongate body of a fine-grained light-

colored granite occurs in the west-central part of the 

map area. It is elongate in a northeast-southwest direc

tion, parallel to major faults of this trend. Indeed, 

it is bounded on the northwest side by the Tascuela fault. 

Though present existence of the Tascuela fault structure 

post-dates the Intrusive, it is apparent that a north-

easterly- trending zone of weakness in the area acted as the 

major structural control on the location and shape of the 
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leucdgranite. A. small body of leucogranlte occurs on the 

east slope of the range, southeast of Samanlego Peak. 

It lies along the contact between the qunrtz monzonlte 

and coarse-grained granite. It also occurs on the east

ward extension of the Tascuela fault zone. 

Exposures of leucogranlte are generally good 

although contacts in the easternmost body are often 

difficult to see. In the main body, the fault contact 

with the tourmaline granite is easy to follow and both 

the alaskite and coarse-grained granites can be distin

guished texturally from the finer-drained leucogranlte. 

The predominantly gray hues of the Oxframe Formation and 

the younger rhyolite are in sharp contrast to the pinkish-

yellow color of the leucogranlte. Outcrops weather to 

somewhat rounded shapes although blocky occurrences 

along washes are riot uncommon. Joint patterns are well-

developed in the western body, but less apparent further 

east. 

The fine-grained leucogranlte weathers to a tan-

colored rock which, in places, has a distinct pinkish 

tinge. On a freshly broken surface, the rock is a buff 

hue. It shows a fine-grained equigranular texture in 

which quartz, light-colored plagioclase and pink ortho-

clase crystals are discernible. Biotlte is present, 

but in small amounts. Minor, but significant amounts of 
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tourmaline occur as Isolated, short prismatic crystals. 

This rock is one of the most consistent of the intrusive 

suite with respect to texture and mineralogy. Only very 

minor variations occur in texture and the mineralogy is 

surprisingly unchanging. 

Microscopically, the rock is seen to consist of 

predominantly of orthoclase, sodic plagloclase and quartz, 

with minor amounts of biotite and zircon, sphene, apatite 

and magnetite as accessory minerals. 

Orthoclase makes up nearly half (43 percent) of 

the rock. It is anhedral to subhedral, with the former 

the more common occurrence. Oarlsbad twinning is widely 

present and is one of the distinguishing characteristics 

of orthoclase in this rock. Mcrographic intor^rowt'n of 

quartz and orthoclase are fairly common, though each 

occurrence is quite small. Orthoclase has been little 

affected by alteration. Most of the grains are quite 

fresh, but some show a "dusting" of incipient clay 

development. 

The plagioclase, which constitutes approximately 

27 percent of the rock, is oligoclase 20^* Albite 

twinning is almost always present, while Oarlsbad twins 

which are so common in the orthoclase, rarely are seen in 

tftie plagioclase. Plagioclase occurs as subhedral crystals 

one to two millimeters in length. They are set in the 
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generally anhedral masses of quartz and orthoclase. 

Little discernible alteration has taken place in the 

plagioclases. Occasionally, a crystal will have a very 

narrow band of extremely fine-drained sericite(?) 

along its periphery, but such occurrences are the excep

tion rather than the rule. 

Quartz occurs in anhedral masses and intergrown 

with orthoclase. It constitutes approximately 16 percent 

of the rock:. Little indication of post-crystallization 

strain exists, despite the location of the rock in a 

structurally active zone. 

3ubhedral flakes of brown biotite constitute 

about seven percent of the rock. "Birds-eye" extinction 

is Invariably present. Some aggregation of biotite flakes 

to form mafic clots occurs, but such clots are notice

able only under the microscope and are not discernible 

in hand specimens of the rock. 

Mention was made previously of the existence of 

small amounts of tourmaline in the rock. Tourmaline 

accounts for only about one percent or less of the rock, 

but its presence is of great significance when viewed in 

the light of the fact that the quartz monzonite and 

tourmaline granite, co-magmatic with the fine-grained 

leucogranite, also contain tourmaline. Tourmaline occurs 

in the leucogranite in a manner similar to that described 



for the other rocks, but It is less abundant. The pres

ence of tourmaline in each of these rocks indicates the 

existence of a deuteric phase Involving boron release 

related to this part of the intrusive episode. 

Pine-grained leucogranite intrudes the Cre

taceous^) volcanic sequence and is itself Intruded by 

the alaskite-granite of probably early Tertiary age. 

Mutually intrusive relationships exist between the tour

maline granite, leucogranite and quartz monzonlte and 

no differentiation in age between these rocks was 

possible. 

Equlgranular -jmnodlorito 

The east central part of the map area is occupied 

by equigranular granodiorite, a rock named and described 

by Cooper (1960) in his preliminary study on the geology 

of the Pima mining district. In this study, the rock 

napped as equlgranular granodiorite actually includes a 

variety of textural types including a porphyritic phase 

with feldspar phenocrysts up to two Inches in length 

(figure 51). Lutton (1958) distinguishes between por

phyritic and non-porphyritic phases of the rock, but 

Cooper (1960) includes them all as a single map unit. 

The convention established by Cooper has been followed 

here not so much because the different units were not 
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distinguishable and mappable in the field, but because it 

was felt that the textural differences, rather than repre

senting different rock types, actually represented phases 

of the same magmatic surge. 

As a rule, the equigranular granodiorite does 

not form bold outcrops, although it forms considerably 

better outcrops than the blotite diorlte. It weathers to 

a buff to gray outcrop in which the phenocrysts, where 

present, appear as milky white blotches. Outcrops of 

granodiorite are most common along dry washes. In places 

where the stream gradient is higher and the stream channel 

has been scoured clean the granodiorite outcrops are a 

light gray color, very near to that seen on a freshly-

broken surface. In general, weathered outcrops of grano

diorite are very soft and crumbly. Rubbly, granular 

surfaces are characteristic of areas underlain by the 

granodiorite. A. few, more resistant, granodiorite out

crops stand up as isolated knobs five to fifteen feet 

high. 

In hand specimen, the rock is light gray in 

color with easily visible quartz, feldspar and biotite. 

The texture of the rock is somewhat variable, ranging 

from a medium-coarse grained equigranular variety to a 

finer-grained variety characterized by large feldspar 

phenocrysts. 
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The equlgranular variety contains essential 

amounts of quartz, potash feldspar and plagioclase, along 

with lesser amounts of biotite and hornblende. Occasion

ally recognizable with a hand lens are small, brown 

sphene crystals, bright green epidote needles and, very 

rarely, tourmaline rosettes. In all probability, the 

epidote and tourmaline crystals represent products of 

hydrothermal alteration. 

The porphyrltlc phase of the granodiorlte con

tains essentially the same mineral proportions as the 

equlgranular variety, but the rock is considerably finer 

grained. Quartz, feldspar and mafic minerals can be 

distinguished with the hand lens, but the type of feld

spar cannot be determined as was the case with the 

equlgranular variety. The phenocrysts are pink to white 

potassium feldspar crystals up to two inches in length. 

Where present, the phenocrysts are a very prominent 

feature of the rock, constituting up to 20 percent of 

its volume. Occasionally, grains of other minerals were 

observed within the phenocrysts. 

The granodiorite is cut by quartz veins and, more 

rarely, narrow calcite veinlets. These veins are partic

ularly abundant in the area just north of the biotite 

dlorlte body in Section 7. This coincides with the north

easterly extension of the Cowboy tfash fault trace. In a 
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few places on the extreme eastern edge of the map area, 

small (up to 15 feet) areas of flpe-grained diorttic 

or andesltlc rocks occur within the granodiorite. These 

areas have sharp contacts with the granodiorite and 

probably represent partially assimilated blocks of bio-

tite diorite. 

In thin section, the granodiorite is seen to be 

made up of subhedral zoned plagloclase crystals surrounded 

by anhedral masses of quartz and potash feldspar (figure 

50). Both orthoclase and microcline are present, but 

microcline is the more abundant of the two. 

The plagloclase crystals average about An£5 (calcic 

oligoclase) in overall composition, but vary from a def

initely calcic phase (^55.50^ *n tlie cerrter °*" some 

crystals to nearly calcium-free alblte (Ajij.) along the 

crystal rims. The zoning is a regular progression from 

basic to acidic phases. A.lblte twinning is extremely com

mon in the plagloclase crystals and Carlsbad twinning is 

only slightly less common. In general, the crystals are 

well-formed, although some faces have been destroyed by 

later solution and introduction of quartz and potash 

feldspar. In the thin sections examined, plagloclase 

constitutes about 40-45 percent of the rock. 

Potash feldspar, primarily microcline, commonly 

forms anhedral masses interstitial to the plagloclase. 
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Along with plagloclase and quartz, potash feldspar 

normally comprises some 85-95 percent of the rock. Micro-
4 

cllne and orthoclase were differentiated by the lack of 

the so-called grid or quadrille twinning in the latter* 

Perthitlc textures in the potash feldspars are fairly 

common although the ex3olved plagloclase usually occurs 

as very minute grains and plates within the potash feld

spar. Mlcrocline and orthoclase together constitute 

about 20 percent of the rock, except in cases where 

phenocrysts are common. In such cases, potassium feld

spar may comprise up to 40 percent of the bulk mineral 

composition of the rock, of which between 10 and 20 

percent may be contained in phenocrysts. 

The predominant mafic mineral in the granodiorlte 

is brown blotite, although some hornblende is usually 

present. The blotite, like the plagloclase, is euhedral 

to subhedral and Invariably shows the characteristic 

"birds-eye" structure. Normally, the blotite occurs as 

isolated laths surrounded by feldspar and quartz. Rarely, 

it occurs in poorly defined radial clots which are vaguely 

similar to the mafic clots found in the blotite quartz 

morizonlte. Often, sulfide minerals and other opaque 

minerals such as magnetite are associated with the mafic 

minerals. A.bout five to ten percent of the rock consists 

of mafics. 
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Accessory minerals In the granodlorite Include 

sphene, apatite, magnetite, tourmaline, calcite and a 

variety of sulfide minerals. Sphene occurs as Isolated, 

euhedral, brown to yellowish crystals. Some of them are 

large enough to be distinguished with only a hand lens. 

Apatite crystals occur as scattered, isolated euhedral 

to subhedral crystals. Magnetite may not be a primary 

constituent of the rock, but represents, rather, a mineral 

formed either through the breakdown of biotlte to chlorite 

and magnetite or as part of the hydrothermal mineraliza

tion which took place subsequent to the crystallization 

of the granodlorite. Neglecting for the moment discus

sion of its origin, the magnetite usually occurs in 

association with mafic minerals (whether blotite, horn

blende or chlorite). It forms small euhedral crystals 

which are readily distinguishable from the other opaque 

minerals. Tourmaline occurs as elongate prisms, generally 

in radial clusters or rosettes. It probably represents 

a metasomatic phase which Included, along with the boron 

necessary to form the tourmaline, silica, potassium and 

calcium as represented.by quartz, orthoclase and calcite. 

The tourmaline, which is black under the hand lens, is 

colorless to light gray in thin section and can be desig

nated as schorllte, the iron-rich variety of tourmaline 

commonly found in acidic igneous rocks. Calcite occurs 
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as narrow veinlets filling fractures in the roc:. It, 

like tourmaline, represents a later phase of crystalliza

tion. The sulfide minerals present will be discussed in 

the section on Economic Geology. 

A-lteration has produced relatively minor changes 

in the rock although the effects of metasomatism are 

quite pronounced. Plagioclase has been slightly altered 

to very fine-grained sericlte and some of the potash feld

spars show a "dusting" of minute grains of clay. Chlorite 

has been developed from the breakdown of biotlte, but 

chlorite formation is not widespread. 

Creasey and Klstler (1963) have dated the equi-

granular granodiorite at 60 million years. In the field, 

it is found to intrude the biotlte quartz monzonita n n d  

similar intrusive relations with the biotlte dlorlto were 

observed In drill core from holes which were drilled 

through the dlorite. The granodiorite is also intrusive 

into the coarse-grained granite. Examples of this rela

tionship were seen in a small wash in Section 30. Cooper 

(1960) indicated that the granodiorite was intruded after 

a major late Oretaceous orogeny which had produced complex 

northwesterly-trending structures. The present study has 

produced no evidence to refute that conclusion. 
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Two bodies of alaskite granite occur in the area 

mapped. One is located at the extreme western edge of 

the area, well down the northwest flank of the mountains. 

Its occurrence here is not extensive, but Thorns (personal 

communication) has mapped the same rock more extensively 

further to the west. The other occurrence of alaskite-

granite 13 in the north-central part of the area in the 

basin formed by the northwesterly-flowing drainage west 

of Jamanlego Peak. The Diamond Head prospect is located 

near the alasklte-coarse leuco^ranlte contact in this 

area. 

In the western area, the coarse texture of the 

alaskite makes it readily distinguishable from all other 

rocks in the area except the equally coarse-textured 

leucogranite which surrounds the alaskite on three sides. 

The main field criterion used to differentiate these two 

very similar rocks was color. The coarse granite is 

normally gray-hued, while the alaskite tends more toward 

a buff to yellowish color. Subsequent microscopic 

studies revealed the presence in the alaskite of very 

minute crystals of a mineral thought to be monazite. 

Similar occurrences were not noted in the coarse leuco-

granite. In the Diamond Head area, intense shattering 

and alteration make field differentiation of the two 
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coarse-textured rocks even more difficult and the loca

tion of the contact between them must be regarded as 

approximate. 

In outcrop, the alaskite weathers to a buff to 

yellow color and rounded outcrops are common. In areas 

of less relief, such as the Diamond Head basin, a coarse 

rubble soon develops from physical breakdown of the 

alaskite and the alluvial stream deposits tend to be 

considerably coarser than normal. Thin yellowish-white 

aplltic dikes are not uncommon and are considered to 

represent a late magmatic phase of the alaskite intrusion. 

There is no significant mineraloglcal difference between 

the two - only the textures are different. 

In hand specimen, the alaskite is coarsely 

crystalline and equlgranular (figure 34). Quartz, ortho-

clase and plagioclsse are abundant and distinguishable with 

with the unaided eye. Biotlte is not common, but occurs 

as well-formed crystals. The rock is well-jointed and 

fresh surfaces are sometimes hard to obtain. Hand 

specimens also have a tendency to crumble easily into 

fragments about one-fourth inch across. 

Under the microscope, the alaskite-granite is a 

coarsely-crystalline aggregate consisting of about 25 

percent quartz, 42 percent orthoclase, 19 percent- sodlc 

plagioclase, 9 percent biotlte and accessory minerals 
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whose total volume aggregates three to five percent 

(figure 51). Textures and microstructures are typically 

granitic and the petrography of the rock is quite straight

forward. 

The plagioclase is sodic oligoclaae (An^) and 

occurs as subhedral crystals set in interstitial quartz 

and orthoclase. Both Carlsbad and albite twinning are 

present, with the latter more ubiquitous, dome normal 

zoning of the plagioclase occurs, with cores of sodic 

andesine surrounded by rims of sodic oligoclase or albite. 

Minor amounts of myrmekitic intergrowths of plagioclase 

and quartz occur in some specimens. In general, alter

ation of plagioclase is only sparingly developed, with 

the cores of zoned crystals being replaced by finely 

crystalline aggregates of sericite. Some crystals are 

surrounded by narrow rims of sericite. In the vicinity 

of the Diamond Head prospect, however, alteration is 

much more intense and many of the plagioclase crystals 

are completely altered to sericite. 

Orthoclase occurs as anhedral interstitial masses 

about 40 percent of the crystals show Carlsbad twinning. 

Perthitic intergrowths of orthoclase and plagioclase are 

not abundant, but they are consistently present in small 

amounts. Virtually all of the orthoclase shows some 

degree of alteration. In the less intensely altered 
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specimens orthoclase presents a dusty gray aspect when 

viewed In plane-polarized light. In the Diamond Head 

alteration zone orthoclase is either partially or com

pletely repraced by fine-grained clay, probably kaolin. 

The development of both kaolin and sericite is widespread 

in this area and is probably related to the hydrothermal 

activity which accompanied introduction of uraniferous 

minerals. 

Quartz is present as Interstitial masses which 

are generally free of inclusions of other minerals. Jome 

instances of wavy extinction occur, but, for the most part, 

quartz shows little evidence of strain. 

Biotite occurs in euhedral to subhedral brown 

crystals which are more or less altered to chlorite and 

magnetite. In areas of more intense alteration biotite 

is often nearly completely replaced by green chlorite. 

In such areas, small amounts of pyrite and occasionally 

chalcopyrite are not uncommon. 

Accessory minerals are a typically granitic 

suite - zircon, apatite, sphene and monazite(?) The 

presence of very tiny crystals of a mineral tentatively 

identified as monazite is significant as a distinguish

ing feature of this rock from the coarse-grained 

leucogranite. 
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The alaslcite-granite intrudes all rocks with which 

it is in contact, except for late dike rocks described 

below. The same can be said for the granodiorlte and, 

since the two were not observed in contact and no other 

evidence is available, the two rocks are here considered 

to be of the same relative ape. Whether the alaskite 

would yield the same radiometric age as that obtained for 

the P-ranodiorlte (60 million years) is not known, but 

both rocks post-date all other major intruslves and pre

date the development of major northeasterly structural 

trends. 

Dike Rocks 

Dikes of several varieties occur widely over the 

Jierrita area. They range In size from less than one inch 

to several tens of feet in width. Varieties distinguished 

in this study are latite, andesite and basalt. In all 

probability, a detailed study of the dike occurrences 

would reveal additional varieties. Lynch (oersonal commun

ication) indicates that several slightly different types 

of latite dikes occur in the Ssperanza mine area. Petro-

graphic methods are necessary to make the distinction and, 

though the different varieties vary somewhat in age, 

Lynch considers all of them to be post-ore. Dikes of 

all trends occur, but generally, the main structural 
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directions, northwest, northeast and north-south are 

the most prominent dike directions. In the eastern 

Sierrita area latlte dikes are the most ubiquitous, with 

exposures of basaltic varieties the least common. 

Latite, which is present throughout the area, 

in the form of dikes, shows a tendency to occur also in 

pods and small plugs. The large outcrop of latite north 

of the McGee Ranch was emplaced along the contact between 

quartz monzonite and coarse-grained granite. In detail, 

the dike material was intruded along a nearly flat fault, 

resulting in a larger than normal outcrop. Latite dikes, 

tan to cream-colored in outcrop, are light gray to white 

on a fresh break. They are very fine-grained and indiv

idual grains are rarely visible even with a hand lens. 

Very smooth, blocky and resistant outcrops are typical 

of latite occurrences. Occasionally isolated cubes of 

pyrite are present in the dikes, but the dikes are 

nevertheless considered to be post-ore in age. 

Petrographic analysis of a thin section of 

latite dike reveals a fine-grained interlocking mass of 

quartz, plagioclase and potash feldspar crystals. Bio-

tite is only sparingly present. The plagioclase is 

ollgoclase and shows well-developed alblte twinning. 

The potash feldspar Is orthoclase which com.noaly shows a 

rciorographic texture, sulfide minerals, when present. 
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occur as discrete crystals, generally euhedral. They are 

considered to be a primary mineral in the dikes. The 

dikes are quite fresh and unaltered. Occasional thin 

quartz veins cut the dikes (figure 53)» but no signif

icant alteration or mineralization has occurred. 

Andesite dikes are most prevalent in the north

western part of the area, especially in the vicinity of 

the Diamond Head prospect. Basaltic types are also found 

in the Diamond Head area, as well as in the pedinunt area 

northeast of the McGee Ranch. The dikes are generally 
t 

less than 10 feet thick and weather rapidly to low sub

dued outcrops. 

In hand specimen, both types are dark gray to 

black in color and fine-drained in texture. The andesitic 

varieties commonly show small, white plagioclase pheno-

crysts set in a very fine-grained matrix of plagioclase, 

hornblende and biotlte (figure 54 )• The phenocrysts are 

readily discernible In hand specimen and mafic crystals 

can generally be distinguished with a hand lens, though 

the distinction between hornblende and biotlte is diffi

cult. The basaltic dikes tend toward a greenish-black 

color due to the presence of olivine and augite along 

with basic plagioclase. The basic dikes, like their 

latltic counterparts, are considered to be post-ore in 

age. 
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Volcani c Rocks 

General Considerations 

A. complex sequence of Cretaceous( ?) volcanic 

rocks occurs over much of the southern part of the map 

area. Broadly speaking, the sequence is a group of 

alternating flows and clastic volcanic accumulations with 

some interbedded sedimentary units. For the most part, 

the sediments are not continuous over ^reat lateral dis

tances but appear to represent local areas of sedimentation 

under subaerial conditions which occurred during the 

volcanism. 

A three-fold subdivision of the volcanics has 

been made, from oldest to youngest: the Oxframe Porma-
* 

tion, the Silver Bell Formation, and the younger rhyolite 

(figure 10). The Oxframe Formation has been further 

subdivided into four units which represent a general 

classification to assist in field mapping and interpre

tation of the structural and volcanic history of the area. 

In the field, the three-fold subdivision is 

relatively easy to make, and in most cases the general 

stratigraphic position of an outcrop within the sequence, 

whether younger rhyolite, iilvcr Bell or Oxframe, can be 

determined. Beyond that, the specifics of the stratigraphy 

become less clear. Two marker horizons exist. One is 



a fairly distinctive breccia unit consisting of 

irregular fragments of rhyolite and dacite set in a fine

grained andesitlc matrix which occurs at the base of the 

breccia unit In the Oxframe Formation. The breccia zone 

is not everywhere present, but It is sufficiently common 

to be used to mark: the base of the breccia unit. The 

other marker is also a breccia which occurs sporadically 

at the base of the younger rhyolite. It is the only 

breccia unit of any consequence found in the younger 

rhyolite and consists of fragments of andesltlc and rhy

olltlc material occurring in a tuffaceous groundmass. 

Oxfrarne Formation 

The Oxframe Formation is named for exposures of 

the sequence which occur in Oxframe Canyon east of Red 

Boy Peak, The formation consists of a thick sequence of 

andesltlc and rhyolltlc volcanlcs which occur as flows, 

flow breccias, agglomerates, tuff breccias, welded and 

nonweldei tuff3. Interbedde-i wltn trie volcanlcs, partic

ularly in the upper part of the formation, are thin 

sedimentary horizons consisting of shale, sandstone, 

quartzite and occasional local conglomeratic zones. 

total thickness of 6,000-6,500 feet is represented by 

the formation. The base of the formation is not exposed 

and the actual thickness of it may be greater than that 
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Quaternary Deposits — principally 
alluvium and gravel accumulations. 

Younger Rhyolite — principally gray-
hued sequence consisting of partially 
welded rhyolltlo tuffs with minor am
ounts of Interbedded rhyolltlo flows. 
Looally, a prominent breccia ooours 
at the base. At least 500 feet thick. 

ollver Bell Formation — gray to purple 
andesltlc breccia, mudflows and agglom
erates. Large angular granitic frag-
ments(P0?) near base. Local thin an-
desite flows. Some conglomeratic 
zones. 500+ feet thick. 
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Breccia Unit — predominantly gray 
to blue-gray andesltlc and rhyolitlc 
breccias with interbedded flows of 
the same composition. Thin shale 
and sandstone horizons are common. 
Thickness estimated at 2,000 feet. 

Plow Unit — principally composed of 
rhyolite flows with some andesltlc 
flows. Occasional thin beds of tuf-
faceous material and some interbedded 
sedimentary zones. 1,000 feet. 

Tuff Unit — thick sequence of al-
ternating tuffs and tuff breccias, 
mostly of rhyolitlc composition. 
Most are welded. Thin rhyolite and 
daclte flows in upper part. No sedi
mentary horizons observed. Thick
ness estimated at 2,000-2,200 feet. 

Pyroclastlc Unit — dark gray ande-
sltic volcanics: breccias, agglomer
ates and thin ash beds. Thickness 
could reach 1,500 feet, but probably 
nearer 1,000 feet. 

Crystalline "Basement"(PG?) 

Figure 10. Columnar section of Oretaceous(?) volcanics. 
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exposed. This great thickness of volcanic rocks has been 

broken down into four units, based on the predominance of 

various types of volcanic accumulations. These units are, 

from top to bottom of the formation, the breccia unit, 

flow unit, tuff unit and pyroclastic unit. Virtually all 

types of volcanic deposits are represented in each unit, 

but one or another type predominates. 

Rocks assigned to the Oxframe Formation are 

exposed over about six square miles of the south-central 

and central part of the map area. They are unconformably 

overlain by rocks of the Silver Bell and younger rhyollte 

formations and intruded by various of the hypabyssal 

igneous bodies. The volcanics dip away from the core of 

the range at moderate (40 - 50 ) angles. They form an 

incomplete arc around the south and east sides of the 

range. The strike of the formation gradually changes 

from about N70°in the southwestern part of the area, 

through east-west, to about N20 -30°S along the eastern 

flank of the mountains. 

The character of the exposures of these rocks 

varies widely due to the great disparity of compositions 

and modes of accumulation involved in their deposition. 

In general, the flow units are the most resistant to 

erosion, while the tuff horizons are most readily eroded. 



Pyroclastic Unit 

The lowest member of the Oxframe Formation has 

been designated as the pyroclastic unit. It is distin

guished from other units of the formation, which consist 

primarily of clastic accumulations, by the fact that the 

pyroclastic unit contains a wide variety of clastic types 

whereas the tuff unit, for examnle, consists primarily of 

tuffaceous accumulations. In addition, the pyroclastic 

unit is dominantly andesitlc In composition, while the 

tuff unit, which it most nearly resembles, has a higher 

percentage of rocks of rhyolitic composition. 

The pyroclastic unit occurs in three different 

areas, separated from each other by later intrusives. 

The main part of the unit Is found in a band bounded by 

fine leucogranite on the north-west and rocks of the tuff 

unit on the southeast. The strike of the pyroclastics 

ranges from approximately east-west to about NAO°E. Dips 

are to the southeast and moderate. The unit is generally 

bluish-gray to dark gray to black in outcrop. Most 

members within the unit are quite susceptible to erosion. 

In detail, the unit consists of alternating beds 

of andesite tuff, agglomerate consisting of large (two to 

four inches) subangular andesitlc fragments set In a 

tuffaceous matrix material some tuff breccias, thin 

ash beds and thin rhyolitic flow breccias. Individual 
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beds range from 50 to 125 feet in thickness, with the 

exception of the ash bed3 which are much thinner. In 

addition to beinsr thinner the ash beds are more variable 

in thickness and discontinuous laterally and were appar

ently deposited on a highly irregular surface. The rhyo-

rhyolitic flow breccias are generally light gray in color 

and show well-developed flow banding which wrans around 

subangular rhyollte fragments ranging from one-fourth to 

one inch in size. These beds are the only light-colored 

members, the remainder exhibiting gray to black hues. 

The tuffaceous members are, for the most part, 

nonwelded crystal tuffs with a cryptocrystalline ground-

mass. The presence of some shards of glassy material 

indicates that the present cryptocrystalline groundraass 

is the result of devitrification of an originally glassy 

groundmass. The crystals are angular, broken pieces of 

hornblende and calcic(?) andesine# Minor amounts of 

augite crystals al3o occur. 

Large angular to subangular fragments of fine

grained blue-black andesite are enclosed in a tuffaceous 

groundmass in the agglomeratic horizons, \bundant shards 

occur in the groundmass and in some areas, a eutaxltic 

texture is developed around the fragments. This can be 

Interpreted either as flow banding formed during depo

sition or a compaction phenomenon. The latteV explanation 
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seems more likely since the banding Is only locally pres

ent and no alignment of the fragments - even the smaller 

ones - is discernible. The andesite fragments show small 

plagioclase, hornblende and biotite phenocrysts set in an 

aphanitic groundmass. Some corrosion of the mafic pheno

crysts is evident with the rims of very fine-grained 

pyroxene(?) replacing the original mineral. 

The primary difference between the agglomerate 

horizons and the tuff breccia zones is in the relative 

amounts of fragmental and matrix material. The tuff 

breccias material wnereas the agglomerates are primarily 

fragmental. The only other significant difference 

between these rocks is the presence, in the tuff breccias 

of fragments of both andesite porphyry and welded tuff. 

The welded tuff fragments are subangular and, since the 

enclosing tuffaceous matrix is largely unwelded, it is 

assumed that they represent fragments of the matrix 

tuff incorporated within itself. Together, agglomerate 

and tuff breccia normally occurring in beds 50 to 75 feet 

thick, constitute about 40 percent of the pyroclastic 

unit. 

Thin, soft, black ash beds occur locally in the 

section. Their lack of resistance to erosion makes them 

difficult to delineate and to study. They are recogniz

able primarily on the basis of color, extremely fine-grained 
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texture and poor exposures. They do not constitute a 

major portion of the section. 

Of the entire pyroclastic unit, the rhyolite 

flow breccias present the best exposures. Light gray in 

color, the flow breccias exhibit well-developed eutaxitic 

texture (figure 42) in which flowage has taken place 

around subangular fragments of rhyolite. The fragments 

which average one inch in size consist of small euhedral 

quartz and sanidine phenocrysts set in a mlcrocrystalllne 

groundmass made up of quartz and feldspar (orthoclase?). 

The matrix of the flow breccia is cryptocrystalline and 

consists of quartz and feldspar. 

k section of the pyroclastic unit was measured 

northwest of Keystone Peak in the southeast corner of 

Jection 4. A. thickness of about 1,100 feet was measured, 

but some repetition of the section may have been produced 

by faulting along bedding planes, k description of the 

measured section follows: 

Member Description Thick- Total 
ne3s Thick

ness 

andesite tuff The rock is nearly 65 65 
black, coarse, crys-
tal-lithic tuff con
taining occasional 
shards. 

covered zone 30 95 
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Member 

tuff breccia 

Description 

nndeaite tuff 

a s h  b e d  

rhyolite flow 
breccia 

agglomerate 

andesite tuff 

covered zone 

andesite tuff 

tuff breccia 

rhyolite flow 
breccia 

Thick
ness 

Fragments of andes- 110 
lte and welded tuff 
are set in a light 
gray tuffaceous. 
matrix. 

The tuff is bluish- 95 
gray in color and 
the lower part ii? 
welded. 

The member is dark ?5 
gray and very poor
ly exposed. 

The rock is a buff 60 
to gray flow con
taining occasional 
fragments. 

Coarse angular frap;- 140 
raents are set in a 
matrix of crystal 
tuff. 

45 

20 

70 

This member is a 

tuf?rsralned sray 

This rock is iden
tical to that above 
and may be continu
ous with it. 

The breccia is sim- 6 3  
ilar to the overly
ing tuffs, but includes 
about 30 percent frag
ments of black andesite. 

The rock consists of 
white fragments set 
in a light gray matrix 
and exhibiting good 
flow structure. 

105 

Total 
Thick-
ness 

205 

300 

325 

385 

525 

570 

590 

660 

723 

828 
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Member Description Thick- Total 
ness Thick

ness 

covered zone 

ash bed 

agglomerate 

agglomerate 

35 

12 

85 

15 

andeslte tuff 1 1 0  

863 

875 

960 

The ash bed Is a 
poorly-Indurated, 
fine-grained 
black rock. 

A. member consist
ing of 1-2" frag
ments set in a 
bluish-gray tuff-
aceous matrix. 

The rock contains 
4-5" andesite por
phyry fragments set 
in a gray tuffaceous 
matrix. 

The rock is dark 
gray and poorly 
exposed. Shards 
and broken crystals 
are discernible. 

The base of the section is cut out by later Intrusives 

975 

1035 

The section described is typical of the pyro-

clastic unit. The alternation of types of clastic 

accumulation and the dominantly andesitlc nature of the 

rocks are characteristic of this unit. The pyroclastic 

unit is conformably overlain by the tuff unit. 

« 
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Tuff Unit 

A thick sequence of predominantly tuffaceous 

volcanlcs forms a broad arcuate band of outcrops sweep

ing across the south-central part of the map area. 

Moving from west to eastf the strike of the tuff unit 

varies from east-west to about N45°£. The unit is in 

conformable contact with the pyroclastic unit below.and 

the flow unit above. Along its strike at either end, 

the tuff unit is cut off by later intrusive rocks. The 

sequence consists of alternating layers of welded tuff, 

tuff breccia and, particularly in the upper part, flow3. 

The rocks are dominantly rhyolitic and dacitic in compo

sition with some andesitic tuff members in the lower part. 

Individual tuffaceous horizons are fairly thick, ranging 

from 200 to 300 feet in outcrop width. The tuff breccia 

and flow horizons, on the other hand, are generally less 

than 100 feet in thickness. Dominant color of the unit 

is medium to light gray and together with the thickness 

of individual members, is of considerable assistance in 

field classification of outcrops. Tuffaceous horizons 

constitute about 70 percent of the entire thickness of 

the unit, while flows, though common in the unper portion 

of the anit, make up only about 10 percent of the section. 



The tuffaceous members are of two main types -

vitric and crystal-lithic with subordinant amounts of 

vitric material. The vitric tuffs are composed almost 

wholly of shards with only minor amounts of broken crys 

tal fragments. The primary texture has been altered, 

in some cases almost totally, by the welding process. 

In some of the thicker members, a lower welded portion 

grades transitionally into an nonweloei upoer portion. 

Pumice fragments are common constituents of the 

tuffs, particularly the crystnl-lithic variety. They 

range in color from light gray in nonwelied tuffs to 

nearly blacic in welded varieties. In welded portions, 

the fragments are more or less compacted and drawn out 

into lensoidal forms. Devitrification of the tuffs 

commonly produces a cryptocrystalllne .^roundmass within 

which are set occasional crystal pieces of sanidine and 

hypersthene(? ) as well as deformed pumice fragments. 

Nonwelded vitric tuffs a r e  light gray in c o l o r ,  

with discernible curved shards and subangular pumice 

fragments which are buff to light gray. A. minor amount 

of the fine volcanic ash occurs interstitially. Vesi-

cules are commonly present in a -n.-.^ided members. The 

vesicules are almost wholly collapsed and destroyed by 

welding. Thin, curved black lines are the only indica

tion in welded tuffs of the former existence o f  a  

vesicular structure. 
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The crystal-lithlc tuffs consist of broken crys

tals of sanidine, hornblende and quartz, pumice fragments, 

rhyolite flow fragments, occasional andesitlc fragments 

and minor amounts of shards. They are set in a cryptocrys

talline groundmass of quartz, feldspar and an opaque, 

possibly magnetite. 

oeveral thin (30 to 50 feet) tuff breccia hori

zons occur in the tuff unit. They are distinguished 

from similar breccias in the pyroclastic unit by their 

more acidic composition and the lack: of fragments of 

welded tuff. The breccia fragments are rhyolitic and, 

less commonly, dacitic. They range from one to six inches 
4 

across, averaging about four incnes. CJrudely-developed 

banding is shown locally around the fragments and probably 

represents a compaction feature of the rock. Euhedral 

phenocrysts of quartz and acidic plagloclase are spar

ingly scattered through the fragments. The matrix of the 

breccia consists of very fine-grained tuffaceous mater

ial which is medium to light gray in color. No indica

tion of sorting is present in the matrix material, 

although there is a vague suggestion of crude strati

fication of the fragments in some horizons. 

Thin rhyolite and dacite flow members occur in 

the upper part of the unit and represent the initial 

stages of extrusive flow activity which reached a 
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maximum with the accumulations of the overlying flow unit. 

Rhyollte flows contain phenocrysts of quartz, sanidine 

and, uncommonly, biotite set in a microgranular ground-

mass of quartz, alkali feldspar and mafic minerals 

(pyroxene?). Eutaxitic structure is present, but is not 

well-developed. Dacltlc flows are gray in color. They 

are characterized by small white euhedral plagiocla-se 

phenocrysts (oligoclase or andesine) set in an aphanitic 

matrix of quartz, plagloclase laths, augite and minor 

alkali feldspar. No flowage structures are evident in 

the rocks of this type. The flows are readily recogniz

able by their color, texture and resistance to erosion. 

The tuff unit as defined probably includes about 

2,000-2,200 feet of volcanics. A partial section of the 

unit was measured in the northwest-trending canyon between 

Keystone and Placer Peaks. Its spatial relation to other 

units of the Oxframe Formation as well as the large per

centage of flow members indicate that the section is in 

the upper part of the tuff unit. The measured section 

follows. 

Memb'er Description Thick- Total 
ness Thick

ness 

rhyollte flow The flow is a light 40 40 
gray rock with prom
inent quartz and 
feldspar phenocrysts. 
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Member 

vitric tuff 

covered zone 

crystal-llthic 
tuff 

Description 

This member is a 
dark gray welded 
tuff with abundant 
black pumice frag
ments 

The rock contains 
fragments of white 
rhyolite and bro
ken crystals of 
quartz and hornblende 
set in a gray tuff-
aceous matrix. 

Thick
ness 

140 

Total 
Thick
ness 

180 

15 

125 

195 

320 

rhyolite flow 

rhyolite flow 

virtic tuff 

The flow is a blue- 30 350 
gray color and exhib
its little flow band
ing 

This member consists 55 405 
of small phenocrysts 
set in a gray-white 
matrix exhibiting 
well-developed flow 
banding. 

The tuff is charac- 60 465 
terlzed by abundant 
pumice fragments. 

covered zone 40 515 

vitric tuff This is a thick 175 630 
member, welded at the 
base, which may be 
continuous with the 
overlying tuff. 

dacite flow The rock is a highly- 45 725. 
porphyritic light 
gray flow exhibiting 
blocky Jointing. 
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Member Description Thick- Total 
ness Thick

ness 

tuff breccia The basal member of 35 760 
the section is a 
resistant gray rock 
containing coarse 
fragments of white 
rhyollte set in a 
tuffaceous matrix. 

The tuff unit is conformably overlain by the 

flow unit. The contact between them is not distinct. A. 

transition zone of increasing amounts of flow material 

and correspondingly decreased amounts of tuffaceous 

material occurs between unquestioned outcrops of the 

two units. 

Plow Unit 

Approximately 1,000 feet of predominantly rhyo-

litic flows are included in the flow unit. It crops out 

as an elongate wedge-shaped band in the south-central part 

of the dlerrita Mountains. The open end of the we Ige 

faces east. The beds strike east-west to N20°S an I dips 

O 
average about 50 3. Due to the nature of the rocks inclu

ded in this unit, outcrops are generally good. In the 

flow unit and particularly in the upper one-third of the 
4 

unit thin sedimentary horizons intercalated with the 

flows are found. The sediments are shale, sandstone (or 

quartzite), and occasionally arkose. The norlzoru; are 
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quite thin and rarely traceable laterally over any great 

distance. In the breccia unit, which overlies the flow 

unit, sedimentary horizons are more numerous and suggest 

less volcanic activity and correspondingly linger periods 

of subaerial erosion. 

In detail, flows, mostly rhyolite, but including 

some andesite, make up about 85 percent of the section. 

Thin tuffaceous beds and the aforementioned sedimentary 

horizons account for the remainder of the section. The 

flow and tuff members are very similar in nature to those 

described previously and, hence, will not be afforded such 

a detailed description. The distinguishing characteristic 

of the flow unit is the great predoninance of such rocks 

rather than specific compositional or textural features. 

The rhyolite flows range from 50 to 150 feet in 

thickness, with some reaching 200 feet. They are light 

gray to nearly white in color and generally show fairly 

well-developed eutaxitic structure. Phenocrysts of 

quartz, sanidlne and blotite are common (figure 3 8 ) .  

The quartz phenocrysts are colorless with a distinct 

vitreous luster. Sanidine appears nearly white in hand 

specimen but is seen to be clear in thin section. Eutax

itic structures wrap around the phenocrysts. Individual 

bands are usually no more than one-sixteenth of an inch 

thick. 
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Thin andesitlc flows are scattered through the 

section (figure 39). They are dark gray in color with 

prominent, but small, white plagioclase phenocrysts and 

larger, but less prominent, phenocrysts of hornblende 

and augite (diopsidic?). The groundmass is a finely 

crystalline mosaic of plagioclase and augite (figure 55). 

The andesites are quite resistant to erosion and form 

blocky, well-jointed outcrops. 

The tuffaceous units are almost identical to those 

described in the tuff unit except that they are much thin

ner and not nearly as abundant. Partial welding of some 

members was noted, but this feature is less prevalent 

than it is lower in the section. The tuffs are generally 

medium to dark gray and weather very easily, relative to 

the flows in this unit. 

.Sedimentary horizons make their first appearance 

in the flow unit. They are not abundant and, when they do 

occur, they are rarely more than 10 to 15 feet thick, but 

their appearance, however restricted, is significant. 

Thin, poorly-exposed red to purple shale beds are present, 

along with red to buff-colored sandstones and occasional 

rather coarse arkosic members. None of these horizons is 

traceable laterally for more than a few hundred feet. The 

shales are thinly-bedded and, in some cases, have been 

metamorphosed to reddish-black slates. The sandstones 
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are massive and show no bedding features. They seem to 

represent channel fillings which pinch out very rapidly 

laterally. The quartzite horizons present in the breccia 

unit are only sparingly present in the flow unit. The 

infrequent arkosic zones are actually quite similar to 

the sandstones, but show a somewhat greater precentage of 

feldspar grains. 

The flow unit is approximately 1,000 feet thick. 

Its upper contact, like the lower, is conformable and 

gradatibnal into the uppermost unit of the Oxframe For-

mation, the breccia unit. 

Breccia Unit 

Overlying the flow unit is about 1,800 to 2,000 

feet of rhyolitic and andesitlc flow breccias interbedded 

with flows of the same composition. Sedimentary horizons 

similar to, but more extensive than those found in the 

flow unit are intercalated with the volcanics. The unit 

occurs as a broad band trending nearly east-west across 

the southern part of the area. A. smaller exposure of the 

breccia unit occurs in the extreme southeastern corner of 

the map area. These exposures extend south and east into 

the Esperanza Nine area. The rocks are generally light 

gray to buff-colored and exhibit moderately resistant 

outcrops. 
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Rhyolite flow breccias are the rao3t common variety 

present, but quartz latlte and andeslte flow breccias are 

also present. The flow breccias are characterized by 

fragments one to eight inches in size which are enclosed 

in a microcrystalline groundmass of essentially the same 

composition as that of the fragments (figure 4l). The 

fragments are angular to subangular and, in places, exhibit 

a crude lineation. The groundmass as a rule shows eutax-

itic structures developed to a greater or lesser extent. 

The rhyolitlc varieties have well-developed sanidine and 

quartz phenocrysts in the fragments, but the groundmass 

is essentially equigranular. There is a suggestion in 

some of a porphyritic groundmass, but this is the excep

tion rather than the rule. The groundmass is fine-grained, 

but quartz, feldspar, and a mafic mineral too fine-grained 

for identification are present. The quartz latlte and 

andeslte flow breccias are much like their rhyolitlc 

counterparts except for composition. The quartz latites 

are light gray in color and have plagioclase and quartz 

phenocrysts in both fragments and groundmass. Both frag

ments and groundmass show a microcrystalline matrix. 

The groundmass of the fragments appears to have a somewhat 

higher content of mafics The andeslte flow breccias 

(figure 57) are medium to dark gray in color and have a 

!slgnificaritly smaller percentage of fragments than do the 



rhyolitlc and latitic varieties. Additionally, white 

plagioclase phenocrysts are abundantly disseminated 

throughout the rock. They are readily recognizable 

because of their "salt and pepper" appearance. Plow 

breccias make up about half of the breccia unit. 

The flows which are contained in the breccia 

unit are essentially identical with those described in 

the flow unit. riigher in the section, they have a ten

dency to be somewhat thinner but are otherwise unchanged. 

About 25 percent of the breccia unit consists of such 

flows. 

The third main constituent of the breccia unit 

is the variety of sedimentary horizons interbedded with 

the volcanlcs. Thin-bedded shales and slates, more massive 

sandstones, arlcosic sandstones and quartzites commonly 

occur in beds ranging1; from 10 to 100 feet in thickness. 

The shales and slates, all dark red, gray or purple are 

generally thinner than the arenaceous horizons, but also 

tend to be more consistent laterally. The sandstones 

and quartzites may range up to 100 feet in thickness but 

can rarely be traced more than about 500 feet laterally. 

A prominent outcrop of white to gray quartzlte (figure 

43) caps the hill in the northcentral part of section 13. 

The sedimentary horizons are conformable with the 
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volcanlcs and seem to represent pauses In the volcanisra 

during which some erosion and deposition occurred. 

The breccia unit is overlain by rocks assigned 

to the illver Bell Formation. The contact is an erosional 

one though the Jilver Bell beds sip away from the moun

tains at essentially the same angle as the Oxframe 

sequence• 

i\.ge of the Oxframe Formation 

The base of the Oxframe Formation is nowhere 

exposed in the map area, having been cut out by la^er 

intru3ives. This makes the placing of an older limit for 

the age of the Oxframe somewhat speculative. A. very 

similar sequence of volcanlcs and interbedded sediments 

was mapped on the west side of the range. In that area, 

the volcanlcs rest unconformably upon probable Paleozoic 

sediments (Thoms, personal communication). Evidence from 

other ranges in southern Arizona, which will be discussed 

in greater detail in a later section, indicate the wide

spread occurrence of extrusive and explosive volcanic 

rocks which have been assigned to the Cretaceous. The 

Gat Mountain Rhyolite has been dated (Bikerman, 1963, p. 

80) at about 65 million years. The younger rhyolite In 

the 3ierritas is very similar to the Cat Mountain sequence 

and has been tentatively correlated with it. Thus, if 
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this correlation Is valid, the Oxframe beds are pre-Cat 

Mountain in age and, based on western Sierrita exposures, 

post-Paleozoic. The volcanics on the west side of the 

range underlie beds which resemble the Recreatlon-Amole 

sequence in the Tucson Mountains. Bryant (1952, p. 42) 

indicates that the A.mole is probable lower Cretaceous. 

It seems most plausible that the Oxframe Formation i3 

pre-A.mole, but still part of the Cretaceous. 

Silver Bell Formation 

The Silver Bell Formation, named by Courtright 

(1953, p. 7) for occurrences near the Silver Bell mine, 

occurs as a narrow, east-west-trending band along the 

extreme southern margin of the man area. The formation 

has been adequtely described in the literature (Court-

right, 1958; Richard and Courtright, 1960; Lynch, 1965) 

and will only be briefly described here. 

A.bout 500 feet o f  Silver Bell-type rocks are 

exposed in the map area. Southward from the limits mapped, 

additional members of the formation crop out. The total 

thickness of the entire sequence in the area is probably 

in the range of 1,000 feet. 

A. sequence of predominantly andesitlc raudflows, 

agglomerates and breccias are interbedded with occasional 

thin andesite flows (figure 40). The sequence is dark 
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gray to purple In color* The agglomeratic and breccia 

zones are largely composed of andesite fragments of 

varying sizes set in an andesitic matrix of probable mud-

flow origin (figure 45). Near the base, coarse fragments 

and boulders of granitic rock up to two feet across are 

enclosed in the andesitic matrix (figure 20). These 

granitic fragments do not resemble any of the lntrusives 

encountered elsewhere in the area and may represent Pre-

cambrian(?) lntrusives. Thorns (personal communication) 

felt that similar boulders and cobbles occurring in 

Silver Bell-type accumulations on the west side of the 

range might be fragments of lntrusives which he mapped 

as pre-Cretaceous• 

The accumulation of Silver Bell volcanics prob

ably occurred in late Cretaceous time. Richard and 

Courtright (1960) showed that accumulations similar to 

the Silver Bell Formation are widespread in southeastern 

Arizona and they felt that such accumulations took place 

early in the Tertiary representing the early stages of 

a long and widespread volcanic episode. 

Damon (1964, p. 15) provided a K-A.r date of 65 

million years for the Cat Mountain Rhyollte in the Tucson 

Mountains. Richard and Courtright (1960, p. 2) considered 

the acid pyroclastics overlying the silver Bell at the 

type locality to be the equivalent of the Cat Mountain 
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type in the Jilver Bell Mountains. On this basis, the 

Jilver Bell Formation can be no younger than late Upper 

Oretaceous. 

Younger Rhyolite 

/Ibout 300 to 500 feet of predominantly acidic 

tuffs, both welded and nonvelded, are exposed in the south

western corner of the map area. Like the 3ilver Bell 

Formation, the younger rhyolite is more extensive south 

of the area mapped. The younger rhyolite lies uncon-

formably on the Oxframe and 3ilver Bell Formations 

(figures 22 and 23). The older sequence dips about 4o°to 
0 o 

50 J, while dips on-the younger rhyolite average 20 to 

O 
30 J. The sequence strikes approximately east-west or 

slightly north of west. 

The younger rhyolite consists of three main tuff-

aceous beds, each about 100 feet thick, separated by and 

occasionally intercalated with thin rhyolite flows. The 

base of the unit is locally marked by a prominent breccia 

zone up to 50 feet thick. 

The basal breccia unit consists of subangular 

volcanic fragments of older extrusive and pyroclastic 

origin set in a very fine-drained tuffaceous groundmass. 

The sporadic occurrence of the unit suggests that it may 

represent an erosional accumulation upon which later 



tuffaceous material was deposited. Other possibilities 

Include an explosive origin as suggested by Bikerman 

( 1963, p. 65) for similar rocks which occur at the base 

of the Cat Mountain Formation or formation as a tectonic 

breccia as postulated by Kinnison (1959) for the Tucson 

Mountain chaotic breccia. 

The tuffaceous units are buff to gray in color 

and closely resemble some of the tuffaceous members of the 

Oxframe formation. They are of the citric-crystal variety 

and consist of a mixture of glass shards, broken crystals 

of quartz, sanidine and hornblende and small lenticular 

puraice fragments. Devitrification has destroyed much of 

the original texture and the vitrlc portion of the rock 

Is largely a cryptocrystalline mass of quartz and feldspar. 

Partial welding of the tuff has occurred in the lower 

portion of both the lower and upper members. The middle 

t u f f  nember is essentially noriwelded. T n - :  c n r - .  - : , ~ e  f r o m  

welded to nonweliel t?*ture in t ie units v.".ere both occur 

is a ^rndational one. In the welded sone3, the pumice 

fragments are flattened and, in some cases, further 

elongated from their original lenticular shape. 
4 

Thin porphyritic rhyolite flows separate the 

tuffaceous horizons. Phenocrysts of quartz, and occasion

ally plagioclase, are set in a fine-grained matrix of 

quartz, feldspar, hornblende and magnetite. Plow 
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banding is prominent and wraps around the phenocrysts 

(figure 58). The flows are light gray to nearly white 

and form quite resistant outcrops. 

The younger rhyolite closely resembles the Cat 

Mountain Rhyolite in the Tucson Mountains (see Brown, 1939 

and Bikerman, 1963). The dominantly acidic pyroclastic 

nature of the bulk of the Oat Mountain sequence together 

with th^associated rhyolite flows are very much like 

those in the Sierrita Mountains. No unit comparable to 

the chaotic breccia which Bikerman (1963, p. 37) places 

at the base of the Oat Mountain sequence is present in 

the oierrita section unless the discontinuous breccia 

at the base is considered to be correlative with the 

chaotic breccia. Though the two are quite dissimilar in 

appearance, they may both represent a common mode of 

origin. If the younger rhyolite is correlative in time 

with the Oat Mountain Rhyolite the age of the younger 

rnyolite would be late Ur>per Cretaceous. 

The youngor rhyolite overlies the dilver Bell 

Formation and is intruded by fine leucogranite. The fine 

leuco-ranite is known to be older than the granodlorlte 

(60 million years) and younger than all of the volcanics. 

The bulk of the evidence would seem to favor a 

correlation with the Cat Mountain sequence and hence, a 

late Upper Cretaceous age. 
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Metamorphlsm of the Volcanic Rocks 

The only evidence of metamorphic conditions in 

the area mapped is the existence in the Oxframe Formation 

of thin sedimentary shale and sandstone horizons which 

have been converted to slate and quartzite, respectively. 

The slates are reddish purple to black, as are their 

unmetamorp'nosed equivalents. The development of increased 

fissillty and a somewhat more brittle rock Indicates a 

very low intensity of metamorphic conditions. The occur

rence of such rocks is not widespread and must be 

considered to represent a quite localized condition. 

The quartzites, gray to white in color, show a 

fairly coarsely-crystalline texture of interlocking quartz 

grains. The largest quartzite horizon known to exist in 

the area caps Quartz Hill in Section 13. This bed is 

about 70 feet thick. Stringers and quartz veins within 

it Indicate that at least part of the quartz is introduced 

or redistributed and part of the recrystallizatlon is 

undoubtedly the result of the imposition of hyrdothermal 

conditions on what was probably originally a quartzitic 

sandstone. 
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Quaternary Deposits 

Deposits of Quaternary age are mentioned here 

only for the sake of completeness. They were not studied 

In any detail. 

Two types of deposits occur, both only at lower 

elevations. In the pediment area east of the McGee Ranch, 

most of the washes have deposits of stream alluvium as a 

relatively thin veneer on the. bedrock: surface. A. drill 

hole collared in the center of one of the larger washes 

in Section 7 passes through about 25 feet of unconsolidated 

alluvium before entering bedrock. This is considered to 

be a maximum thickness of alluvium to be expected anywhere 

west of Esperanza Wash. On. some of the inter-wash ridges 

a thin veneer of gravel, consisting mainly of decomposed 

bedrock material along with some transported detritus, 

obscures the outcrops. Neither of these Quaternary 

deposits are shown on the geologic map because it wan 

nearly always possible to deduce the rock type in areas 

which were locally covered by such deposits. 

Stratigraphlc Relations and A.ge Correlations 

The presence of a thick sequence of Cretaceous(?) 

voloaaio rooks and a, oomplax group of intrusive types in 

the eastern Sierrita Mountains offers the posilbility for 

comparison and Correlation of these rocks with similar 
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sequences reported from other areas of southeastern 

Arizona and southwestern New Mexico. To this end, a 

survey of available literature on the various mountain 

ranges in this region has been made. Because of the 

nature of the rocks involved and the large areal extent 

over which correlations were attempted, many variations 

in the details of the correlation exist. In general, 

however, correlation of the broad volcanic sequence from 

area to area is possible. Figure 11 i3 a representation 

of the sections discussed and the correlations made. 

Western olerrita Mountains 

The volcanic sequence exposed on the west side 

of the dlerrita Mountains has been mapped by Thorns (in 

preparation). Discussions with Thorns and G. L. Pair 

of Bear Creek Mining Company revealed a sequence very 

similar to that described in this study. A thick sequence 

of tuffs, tuff breccias and rhyolltic and andesitic flows 

interbedded with thin sedimentary units is probably the 

equivalent of the Oxframe Formation. The sequence has 

been deposited on the eroded surface of Paleozoic rocks. 

Overlying the volcanics is a sequence of red to purple 

shales, sandstones and arkoses of dominantly continental 

origin. This unit has not been recognized in the eastern 

iierrita area. Locally, a sequence of arkose, shale and 



conglomerate which probably represents a channel-fill 

deposit (C. L. Pair, personal communication) has been 

mapped. Overlying either the channel-fill or the redbed 

sequence are andesitic breccias, conglomerates of the 

Silver Bell type, which are correlative with similar 

rocks in the eastern part of the range. Welded tuffs 

and minor rhyolitic flows which Thoms (personal communi

cation) considers to be equivalent to the Cat Mountain 

Rhyolite unconformably overlie Silver Bell rocks. This 

unit considered to be the same as the younger rhyolite 

of the present study. ^lat—lyim? basalts mapped south

west of the range by Thoms do not occur in the eastern 

Sierritas. The western Sierrita section provides excel

lent correlation with the Cretaceous-Tertlary(?) section 

In the Tucson Mountains. The broad sequence of older 

volcanics, continental sedimentation and younger, domi-

nantly pyroclastlc volcanics is present in both sections. 

Though the redbed sequence does not occur in the eastern 

oierritas, the correlation of the Oxframe Formation with 

Thorns' pre-redbed sequence provides a link with the very 

similar sequence In the Tucson Mountains. This section 

and its relationship to the Jierrlta section is discussed 

below. 
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The section exposed in the Tucson Mountains has 

been described by Brown (1939). Bryant (1952) and Kinnison 

(1958). In addition, detailed studies have been published 

on the Tucson Mountain chaos (Kinnison, 1959) and the Gat 

Mountain Rhyolite ( "ayo 1963 and Bikernian, 1963). The 

diagrammatic section shown on figure 12 is a composite of 

the work of these authors. In the Tucson Mountains, a 

thick sequence of andesitic and dacitic flows and tuffs 

with minor interbedded sediments is unconformably over

lain by a section of predominantly continental redbed and 

arkosic accumulations designated as the Amole Group 

(Kinnison, 1958). Overlying the Amole Group is a 
* 

chaotic breccia formation which is, in turn, overlain 

by the Oat Mountain Rhyolite, predominantly a partially-

welded rhyolitic tuff (Rikerman, 1963, p. 83). ?ossil3 

from the.lower oart of the Amole Group have been iden

tified as probable early Cretaceous and birch pollen 

from the upper part of the group as not older than late 

Cretaceous (Kinnison, 195-3 and Ferguson, 1959» P» ^5). 

Though no datable flora or fauna have been reported from 

the redbed sequence in the western oierritas, it is 

sun^ested that the litholoftic similarity and strati-

graphic position of these beds indicate tnere equivalence, 

at least in part, with the Amole Group. Further, t h e  
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same line of reasoning suggests correlation of the pre-

Amole volcanic unit in the Tucson Mountains with Thorns' 

lower volcanic unit and the Oxframe sequence of this 

study. The Cat Mountain Shyolite closely resembles the 

younger rhyolite, both lithologically and stratigraph-

ically and correlation of the two seems reasonable. It 

is possible that the type of deposit represented by the 

Tucson Mountain chaos and the origin for it suggested 

by Bikerman (1963, p. 85) has its counterpart in either 

the basal breccia unit of the younger rhyolite or the 

3ilver Bell accumulations in the Jlerritas. This, however, 

must remain very tentative, pending further more detailed 

studies of the iilver Bell - younger rhyolite relationships. 

.Southeastern Patagonia Mountains 

A. recent study by Baker ( 1962) of the south

eastern Patagonia Mountains described a sedimentary-

volcanic sequence which spans the Cretaceous-Tertiary 

interval. Baker divides the section into four main 

units, from oldest to youngest, the Duquesne volcanics, 

the Bagby Ranch Formation, the Molly Gibson Formation and 

a Oenozolc(?) sedimentary and volcp.nic sequence. The 

Duquesne volcanics are a thick, complex sequence of 

tuffs, volcanic breccia and conglomerates and minor flow 

units (Baker, 1962, p. 87). The Bagby Rnnch and Molly 



93 

Gibson Formations are marine sediments which Baker (1962, 

p. 89)» on the basis of fossil evidence, assigns to the 

Lower Cretaceous (latest Alblan time). The Cenozoic(?) 

sequence consists of conglomerates, volcanic flows and 

breccias and rhyolite tuff (Baker, 1962, p. 90). Baker 

suggests a possible correlation between these units and 

the post-A.mole Group units in the Tucson Mountains. 

The Bagby Ranch and Molly Gibson sediments are 

probably marine time equivalents of the largely continen

tal Amole Group, if this is true then the Duquesne 

volcanics would occupy a stratigraphic position similar 

to that of the lower volcanic unit in the Tucson Moun

tains and, by extrapolation, the Oxframe Formation in 

the eastern 3ierrita Mountains. If this extrapolation 

is valid, the correlation of Duquesne sequence with rocks 

of the Bisbee Group would lend additional weight to a 

lower Cretaceous age designation for the Oxframe For

mation. 

Northern Chlricahua Mountains 

jnbins (19t?7) mapped a series of agglomerates, 

conglomerates, flows and welded tuffs of probable Ter

tiary age which unconformably overlie sediments assigned 

to the upper portion of the Bisbee Group (iiabins, 1957» 

p. 1323). Three units were recognized, the lower Nipper 
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volcanlcs, the Faraway Ranch Formation and the upper 

Rhyolite Canyon Formation. Briefly, these units as 

described by Sabins (1957, p. 1323 ff.), include pre

dominantly basic conglomerates, agglomerates and breccias 

in the Nipper, rhyolite flows in the Faraway Ranch For

mation and rhyolitic welded tuffs in the Rhyolite Canyon 

Formation. There is a general correspondence in strati-

graphic , position, age and lithology between this sequence 

and the dilver Bell - younger rhyolite sequence in the 

eastern Sierrltas. The Rhyolite Canyon Formation is 

probably equivalent to the younger rhyolite and the Nipper 

volcanics may be correlative with the Jilver Bell 

exposures. There is no unit which can be correlated with 

the Faraway Ranch Formation, but this need not negate the 

validity of the broad relationships. 

Mayo (1959, p. 138) mentions the possible corre

lation of the Rhyolite Canyon and the '.Veatherby Canyon 

Ignimbrite described by Gillerman (1953, p. 70 ff.) in 

the central Peloncillo Mountains, Hidalgo County, New 

Mexico. If this correlation is valid, volcanic activity 

was much greater in the Peloncillos than in the Chirlcahuas 

and, in turn, the volcanic accumulations in the Chirlcahuas 

are thicker than their suggested equivalents in the Janta 

Cruz Basin. 
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Discussion of Regional Correlations 

Throughout the preceding discussion, the terms 

"correlative" and "equivalent" have been used freely. It 

is therefore timely to consider the problems of correlations 

of this type and investigate Just what sorts of correlation 

and equivalency are involved. 

Use of the term "equivalent" is not meant to 

imply a strict relationship in the sense of the strati-

grapher or paleontologist. For example, the correlation 

of the younger rhyolite with the Oat Mountain Rhyolite 

is not meant to imply that one could match up, unit for 

unit, individual members of the two formations. Vol

canic stratigraphy requires a somewhat different approach 

than does classical sedimentary stratigraphy, particularly 

when the volcanics involved are nyroclaatic in nature. 

It is suggested that a combination of litholo^ic, 

stratlgraphic and genetic factors bear most heavily on 

the correlation of volcanics of this type. The Jllver 

Bell Formation provides an excellent example for dis

cussion. Courtrip;ht (1953) and Richard and Jourtrlght 

(1960) proposed the name "Silver Bell ?orinatlon" which 

Courtright (195Q» p. 7) described as follows: 

"The (dilver Bell) Formation...is somewhat dis
tinctive in that it is composed mainly of 
angular to sub-rounded fragments; of dark gray 
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to purplish-hued andesite porphyry enclosed In 
a matrix of gritty andesitic mudstone. The 
fragments are commonly on the order of one to 
six inches in diameter, but large blocks, or 
boulders, several feet in diameter occasionally 
are present." 

Gourtright suggested that the Silver Bell, deposited on 

eroded Cretaceous(?) sediments represented the Cre

taceous-Tertiary time boundary as well as the beginning 

stage of extrusive Tertiary volcanism. Subsequently, 

Richard and Courtright (i960) suggested correlations of 

"Silver Bell type" units from a number of localities in 

southeastern Arizona and southwestern New Mexico, The 

descriptions of these localities indicates that the only 

feature common to all is the existence of a breccia unit 

with, usually, an andesitic matrix, resting on an older 

erosion surface. A. wide range of igneous, volcanic 

and sedimentary rock types are represented in the frag

ments and a similarly wide range of fragment sizes are 

represented. That the breccias described from the several 

localities mark the initial stage of volcanic may be true, 

but that those breccias all represent a given point in 

geologic time is subject to considerable question. 

This discussion points up perhaps the primary 

problem encountered in volcanic stratigraphy, namely, the 

distinction which must be made, in attempting to estab

lish equivalency, between absolute time equivalents and 

what might be termed "genetic time equivalents". 
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It is suggested that the sections described and 

the correlations made represent, primarily, correlations 

of the stage of volcanic evolution represented by a unit, 

rather than correlation of a detailed litholorjlc nature. 

Thus, the Jierrlta Mountain sedimentary-volcanic history 

(including that described from the west side of the range) 

involves explosive volcanism (Oxframe pyroclastlc and 

tuff) followed by extensive outpouring of flows (flow 

and breccia units), with intermittent periods of erosion. 

An interval of quiescence, represented by the redbed 

sequence, was followed by renewed explosive activity 

resulting in accumulations of the oilver Bell and 

younger rhyolite sequence. A. similar (and correlative?) 

stratigraphic history can be constructed, to a greater 

or lesser extent, for all of the other localities des

cribed. This, however, does not necessarily ltnply that 

the sequence of events took place in each locality at the 

same time. Nor does it necessarily imply that the pro

ducts of that sequence are, or should be, the same. It 

stretches the Imagination to require the lithology of 

these dominantly pyroclastlc volcanics to be the same 

over many thousands of square miles. 

To summarize then, the correlations suggested 

above are more closely related to the evolutionary history 

of the volcanism than to the details of lithology. As it 

4 
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happens (and not coincldentally), most of the sequences 

are closely related in time, but nay vary from perhaps 

late lower Oretaceous to middle Tertiary in age. 



IGNE0U3 PETROLOGY 

Petrology of the Intrusive Rocks 

The foregoing description of the Intrusive rocks 

in the eastern Jierrita Mountains has outlined a group 

of predominantly acidic lntrusives closely related, both 

in time and space. Three distinct age groups of lntru

sives exist although the absolute differences in age 

between them may be small, since all were eraplaced after 

the younger rhyollte, and alone; with or prior to emplace

ment of the granodiorite. Structural studies indicate 

that the emplacement of these lntrusives caused domal 

uplift of the range, and since there is little evidence 

to support a multiple uplift which might be related to 

multiple (and widely separated) intrusions, it is pos

tulated that the three groups of lntrusives represent 

activity over a relatively 3hort space of time. 

The seven intrusive varieties can be subdivided, 

on the basis of their relative ages, Into three groups 

which are: (1) biotlte diorite and coarse-grained leuco-

granite, the oldest, (2) biotlte quartz monzonite, 

tourmaline granite and fine-grained leucogranite, Inter

mediate in age and (3) equigranular granodiorite and 

alaskite-granite, the youngest (figure 12). The 

100 
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relations of the roclcs within each group will be discussed, 

followed by consideration of the relationships of the 

three groups. 

Early Intrusives 

A. comparison of the mineralogic compositions of 

the diorite and coarse leugogranite Is shown in Table 2. 

Examination of this table shows a systematic change from 

the more basic mineralogy of the diorite to the highly 

acidic mineralogy of the coarse granite.. Plagloclase 

Table 2. Mlneralogic composition of early 
intrusives. 

Biotite Coarse 
Diorite Leucogranite 

plagloclase 551 (An
4Q) 2°* (^20-25 ̂ 

orthoclase 5% 30 £ 

quartz 9% 35-2 

biotite M i  5 - 8 $  

hornblende 141 — 

perthite and --- 5® 
ralcropegmatlte 

accessories 4-3 2 
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varies from calcic andesine in the diorite to calcic 

oligoclase in the granite. Zoned plagioclase in the 

granite emphasize this variation even more strikingly, 

with cores of sodic andesine (^30-35) and rims of sodic 

oligoclase to calcic albite (kn^-j^). Thus even the 

cores of such plagioclases are more sodic than the 

plagioclase in the diorite. A. similar situation exists 

with other essential rock-forralng constituents. Ortho-

clase, accessory in the diorite is a dominant constituent 

of the granite. The quartz content of the granite shows 

a four-fold increase over that of the diorite. 

Conversely, the inafics which constitute nearly one-third 

of the volume of the diorite, are present only in acces

sory amounts in the granite. The presence of perthltlc 

and raicropegmatltic textures indicates a lower thermal 

intensity during the crystallization of the rranltic 

rock. finally, the even more silicic pegmatitic phase 

(see Table 1) related to the granite probably represents 

a final phase of this early sequence. 

The weight of evidence points to a differentia

tion of the early magmatic phase into three subphases, 

probably closely related, and perhaps even overlapping 

in time. Initial crystallization of diorite was followed 

successively by crystallization of coarse granite and even 
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coarser pegmatites. This increased coarseness of texture 

indicates a gradual lessening of thermal intensity and 

slower cooling with time. 

Unfortunately, though the raineralogical evidence 

for sequential crystallization from a melt is convincing, 

field verification is almost totally lacking. The only 

field relations which bear 0:1 tlilu question are the infre

quent occurrences <. x pegmatites cutting the granite. No 

relationship between the granite and diorite was observed. 

Consequently, the differentiation hypothesis for the 

early intrusives must remain tentative, though strongly 

suggestive, until further field observations can be made. 

ximplaceraent of the diorite was rigidly controlled 

by pre-existing northwesterly trends. Though not trace

able continuously in the field, there is good evidence 

that the oierrita fault zone extends into and beyond the 

diorite. The coarse granite is a much larger body, cover

ing many square milee in the northern part of the Jierritas. 

It shows no significant linear structural control but was 

probably an important factor in the domal uplift of the 

area. 

Intermediate Intrusives 

Three igneous varieties are included in the 

intrusives of intermediate age, quartz monzonite, 
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Table 3* Mineralogic composition of the Intermediate 
intrusives• 

Quartz 
Monzonite 

Tourmaline 
Granite 

Pine 
Leucogranite 

plagloclarje 40 i ( ^25—35^ z n i  (Vn15) c 1 %  (A.n^ ^ 

orthoclase 2 M  43* 48t  

quartz M i  \ 9 t  16 % 

biotlte 152 6% I t  

tourmaline | 
accessories] 

41  J>% 2 %  

tourmaline granite and fine-grained leucogranite. Table 

3 shows the average mineral composition of each of these 

rocks. The rocks do not provide much evidence to support 

differentiation and sequential crystallization. True, 

the plagioclase of the quartz monzonite is somewhat more 

calcic than that of the granites, but not significantly 

so. On the other hand, except for a gradual increase In 

potagh content, Table 3 shows a general consistency of 

composition throughout. Of special significance is the 

occurrence of accessory amounts of tourmaline in all of 

the rocks. The only other intrusive in which tourmaline 



was noted was the granodiorlte, where it occurs very 

sporadically and in extremely small amounts. It is 

postulated that the tourmaline represents a deuteric 

phase wherein boron, present in the common magmatic 

sources for these rocks, was concentrated in the late 

fraction and formed euhedral crystals in the already 

crystallized rocks. It is felt that the presence of 

tourmaline only in these rocks is one of tne best evi

dences of their common origin. The lac.< of evidence 

pointinfr, to progressive change in the composition of the 

ma^ma indicates essentially simultaneous crystallization 

of all three rocks. 

The emplacement of the tourmaline granite and 

fine leucogranite appears to have been largely controlled 

by northeasterly structures which, though their present 

pattern was not developed until after intrusion, repre

sent the trend of older Precambrian structures. It is 

likely that the present northeasterly-trending faults 

developed alone; zones of weakness formed initially in 

Precambrian time. Control of the emplacement of the 

quartz monzonite is more obscure. Parts of the body show 

a relationship to northwesterly fault trends, but in the 

main, emplacement of the quartz monzonito is probably 

most closely related to domal uplift. Indeed the rocks 

of intermediate a^e probably represent t.'ie main 
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driving force which caused doming. They were intruded 

essentially simultaneously and over a wide area which 

corresponds, in general, to the area where the main domal 

uplift is postulated. 

Late Intrusives 

Two intrusives belon/r to the late intrusive 

p;roup, equip;ranular p;ranodiorite and alankrite-- granite. 

Table 4 shows the mineralogical compositions of these 

rocks. .vhere mineralogic studies of the early Intrusives 

Table 4. Kineralon;ic composition of late 
intrusive rocks. 

Granodiorite Maskite-
Granite 

plagioclase 40-45 £ (\np^) 19t (A.n15) 

orthoclase [ 
mlcrocllneJ 

1 9 3 42 « 

quartz ? l i  25* 

biotlte 101 

perthite 1 r * 

monazite 1 i 

accessories 3 %  "7 A "f 
—4+ o 

permitted differentiation and similar studies of the 



intermediate intrusives were inconclusive, examination 

of the data in Table 4 leaves one somewhat undecided. 

The shift from calcic oligoclase (An^^) to sodic oligo

clase (\n^)f while no greater than the compositional 

3hift exhibited by the plagioclases in the intermediate 

intrusives, may be of greater significance in this case, 

when coupled with the drastic change in the ratio of 

alkali to notash feldspars which occurs. The ratio is 

about ?:i in the granodlorite and 1:2 in the alaskite. 

Additionally microcline, an early-crystallizing feldspar 

(Heinrlch, 1956, p. 30), is present only in the grano-

diorite. In opposition to these suggestive data is the 

fact that neitner the quartz nor the mafics show any 

substantial variation. Perthitic lntergrowths are 

sparingly present in both and point to a similarity in 

the cooling history of the two. Prom the data avail

able, we are forced to conclude that, if differentiation 

occurrei, it must have been of a minor nature and the 

crystallization of the two rocks must be very closely 

related in time. 

The granodlorite is an intrusive of batholithic 

proportions and its emplacement does not appear to be 

related to specific structural features. Likewise, the 

alaskite-granite, at least in part, represents emplacement 

of a large igneous body which, in detail, does not reveal 



structural control. The westernmost alaskite granite 

outcrop area Is the edge of a large body which extends 

for some distance down the west flank of the range. The 

alaskite body in the Diamond Head area may have been 

emplaced along a zone of weakness at the contact between 

coarse granite and Oretaceous(?) volcanics. 

Genetic Relations of the Intruslves 

In an attempt to dec'nlper the genetic relations of 

the three groups, a diagram was constructed to show the 

mineralogic variations which occur with time. It is 

reproduced here as figure 13. In the case of the early 

stage intrusions, they are plotted according to their 

tentatively assigned sequence. The sequence for tne 

intermediate and late rocks is based on increasing sodic 

content of plagioclase, on the assumption that if any 

differentiation occurred, later fractions would contain 

more sodic plagioclases. The diagram shows some inter

esting relationships. In the early stap;e, the mineral-

ogle relationships are what would normally be expected 

to develop through differentiation: decreasing amounts 

of plagioclase and mafic minerals and Increasing amounts 

of quartz and potash feldspar. The relationship between 

tne early and intermediate stages is not as easy to 

interpret. The potash feldspar and mafic contents show 

close enough correspondence so that they could represent 
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a continuous sequence. However, this Is not the case 

with quartz and plagioclase. These constituents retreat 

in what would theoretically be considered a "basic" 

direction. The relationships between the intermediate 

and late stafre intrusives are similarly obscure, with 

both feldspars "retreating", while the quartz and mafic 

correlations are reasonbly i^ood. 

The following hypothesis is postulated to account 

for rnlneraloglcal variations shown in figure 13. 

Crystallization of dlorite from a main magma source, 

possibly tapped by northwesterly-trending faults, initi

ated the intrusive episode. As crystallization proceded, 

differentiation of the crystallizing magma took place, 

producing the coarse granite. The intermediate stage 

was initiated by a new surge of magma from the main magma 

chamber into the crystallizing liquid. Juch an addition 

of magma of the original rather than the differentiated 

comuositlon, would account for the otherwise anomalous 

"retreat" of some of the mineral constituents. The 

initial crystallization of a high percentage of mafic 

minerals must have Impoverished the magma in magnesium 

because, for the most part, mafics are not major consti

tuents of the rocks at any time after crystallization of 

the diorite. The "retreat" which occurs between the 

intermediate and late stages can also be explained by a 
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new pulse of magma from the main raagmatic source. It is, 

of course, not known whether such a mechanism actually 

functioned, however, it seems reasonable from a theoretical 

standpoint and, from a practical viewpoint, it seems more 

reasonable than postulating separate magmatic sources for 

each of the three intrusive pulses. The intrusive episode 

is viewed, then, as a differentiating system modified by 

repeated surges of magma from a single main map;matic 

source. 

Depth of Smplaceraent of the Intrusives 

Jeveral lines of evidence can be brought to bear 

on the question of the depth at which the intrusive rocks 

were emplaced. 3y the time the northwest fault trends 

were developed, at least 8,000 and possibly as much as 

10,000 feet of volcanics had been deposited over much 

or all of the area, Volcanics of varying thickness are 

known to exist all around the Jlerritas, with the excep

tion of the northeastern part of the are^, whether the 

volcanic cover ever extended into this are? is not known, 

but it is likely that most of the area was deeply covered 

by volcanics. 

The predominantly coarse textures shown by the intru

sives indicate a slow cooling history under moderate to 

hign pressure produced, in all probability by loading by 

the volcanic pile. 
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Finally, lack: of any significant amount of post-

intrusive volcanic activity which can be genetically 

related to the lntruslves, indicates that during emplace

ment the crystallizing ma.<73a never reached or even 

approached the surface. 

To attemnt to be specific about how deep the 

intrusives were emplaced is highly speculative. We may 

use the assumed thickness of volcanlcs present (3 to 

10,000 feet) as a measure of the minimum depth of emplace

ment. Beyond that, any estimates of depth of emplacement 

would be pure Piuesswork. 

Petrology of the Volcanic Rocks 

The volcanic sequence d.1.neus3ed above represents 

p;reat and spectacular activity during Cretaceoun( ?) time. 

Extrusive flows and flow breccias alternate with ash and 

tuff deposits of oxnloslve origin.-

Two main periods of volcanic activity are repre

sented by the Oxframe and younger rhyolite sequences. 

Though the red bed sequence which comr.only separates these 

two periods is not present in the map area, there is 

evidence of an indirect nature which Indicates that beds 

of this type were originally deposited and later stripped 

off by erosion. The unnor nortion of the Oxfrarce ?or^a-

tir 1, while 3till domlnantly volcanic in nature, contains 

Increasingly larre percentages of .sodijnentrry interbeds. 
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Volcanic activity was on the wane and subaerial erosion 

and continental deposition were assuming greater importance. 

Following erosion and deposition, exolosive volcanic 

activity a^ain came to the forefront with the deposition 

of the tuffs and flows of the younger rhyollte. 

The metrology and petrogenesis of the volcanics 

can probably be most discussed in terms of the 

various volcanic rock types rather than making an attempt 

to discuss the detailed changes which occur from member 

to member, in each of the formations. This approach seems 

best also from the standpoint that each of the formations 

represents cycle of events within t.ie "rri-wnrk cr vhich 

individual members may be of a highly variable nature. 

The units of the Oxframe Formation show a general 

trend toward greater acidity with time, oassinp; from 

dominantly andesitic pyroclastics at the base through 

tuffs of rhyolltic and andesitic composition, to rhyollte 

flows and flow breccias in the unper portion of the for

mation. 

The andesitic pyroclastic unit is characterized 

by a variety of dominantly clastic accumulations such as 

ag-lomerates, tuff breccias and tuffs. .)uch an assemblage 

could be expected to have developed in the early starve of 

explosive volcanism. Breccia fragments, also of andesitic 

composition, probably represent pre-existing rock torn 
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from the volcanic conduit by explosive action. The tuff-

aceous matrix material of the breccias and agglomerates 

and the tuff horizons are generally nonwelded. The 

intensity of formational conditions (Ross and Smith, 1960, 

p. 42) necessary for welding apparently was not reached 

at this stage of volcanism. 

The zenith of explosive volcanic activity was 

reached during the deposition of members of the tuff unit. 

Vltrlc and crystal-lithic tuffs predominate. The tuff 

horizons are almost all welded, at least in part. iome 

members show a transition from welded tuff at the base to 

nonwelded tuff at the top. Ross and :3mith (1960, p. 41 ff) 

have described the conditions under which welding occurs. 

Maximum initial magmatic temperatures of about 1,000 0. 

for rhyolitic magmas and 1,150 G for andesitic magmas 

(Ross and Jmith, i960, p. 41 ) set the stage for nuee 

ardente-type ash flow movement. Vfelding involves a complex 

combination of physico-chemical factorn. It occurs at 

temperatures in the range of 650°- 700°C, although the 

presence of volatile constituents, by lowering the vis

cosity of the ash flow, lowers the temperature necessary 

for welding (3oss and omith, 1960, p. 42). V,'elding comes 

about through a combination of loading from above, plas

tic yield of the shards and adsorption at contact points 

of glass shards. 
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That nuee ardente eruptions were accompanied by 

the extrusion of lava is Indicated by the presence of thin 

flows interbedded with the tuffaceous members. The flows 

show a general compositional shift toward more acidic 

types in the upper part of the unit. These flows are 

precursors of the much-increased passive extrusive activ

ity which followed the spectacular ash flow eruptions. 

Plows of rhyolitic composition make up the greater 

portion of the flow unit. This unit is significant for 

two reasons. First, It definitely marks a change in the 

character of volcanic activity from violent explosive 

eruptions to passive extrusion of flow material, and 

second, we have the first indication of non-volcanic 

sedimentation in the form of thin sand and shale beds. 

Well-developed eutaxltic structure in the flows points 

to a somewhat lower viscosity than might normally be 

expected in a rhyolitic melt. This probably reflects the 

presence of small amounts of volatiles whose volume Is 

great but whose density is small. 

\ continental or fresh water sedlraentational 

environment is indicated by the character of the sedi

ments deposited, predominantly redbeds. A similar 

environment is postulated for the pre-volcanic sedimen

tary sequence exposed on the west side of the range 

(Pair, personal communication). Marine invasions of the 
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southeastern part of the state, which are represented by 

the Lower Cretaceous Bisbee Group in that area, are only 

sparingly represented in the 3anta Oruz valley area by 

thin fossiliferous limestones. Marine encroachments of 

this area were probably limited to low-lying valleys. To 

the west of the Jierritas, continental -ndiTncntntlon 

predominates. 

The breccia unit overlying the flow unit repre

sents a continuation of the environment established 

during extrusion of t'ne flows. Explosive volcanism had 

ceased completely and flows and flow breccias are the 

only volcanic types recognized in this upper unit. The 

larger percentage of sedimentary units indicates that 

even passive volcanism was on the wane by this time# 

Deposition of the members of the breccia unit brought to 

a close a long and sometimes violent period of volcanism. 

A.n erosion Interval was followed by deposition 

of the Silver Bell and younger rhyolite formations. It 

is probable that continental sediments similar to those 

which overlie Oxframe-type volcanics on the west side of 

the range, as well as in other southern Arizona localities, 

also covered the eastern Sierrita area but were stripped 

off by erosion prior to deposition of the Silver Bell. 

The increasing percentage of sediments In the upper por

tion of the Oxframe ehow the same relationship to the 
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volcanics as do similar beds on the west side of the 

range which grade upward into wholly sedimentary accum

ulations (Thorns, personal communication). 

Deposition of the Oxframe Formation would seem, 
% 

then, to represent a distinct and separate volcanic 

episode, preceded and followed by erosional intervals of 

considerable length. The volcanic sequence illustrates 

a systematic compositional variation from andesites at 

the base to rhyolites at the top -- a typical differen

tiation sequence. Systematic variation In the character 

of the volcanism is also apparent. Initial explosive 

activity gradually increased in intensity to a level at 

which extensive nuee ardente-type eruptions occurred. 

After reaching this zenith, volcanism decreased in inten

sity, but not in volume of material extruded. Gradually, 

however, even the volume decreased and volcanic activity 

was terminated. Later, following deformation, a similar 

sequence involving the Silver Bell and younger rhyolite 

took place. 

Evidence to Indicate the source area for the 

Oxframe volcanics is meager. The description of sources 

for ash flow tuffs given by Ross and Smith (I960, p. 17) 

indicates that the Oxframe volcanics were probably erupted 

from the sides of a volcanic dome rather than from an 

open crater. One of the characteristics of such eruptions 
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is relatively small areal extent of the tuffs. The pres

ence of extensive flow deposits lend weight to a fissure 

type of source. Little evidence Is at hand to Indicate 

the direction of the source. The volcanics dip uniformly 

away from the intrusive rocks, but this may be largely a 

function of post-volcanic uplift and tilting. However, 

the occurrence of Oxframe volcanics in Section 13, located 

considerably farther away from the center of doming than 

the main Oxframe outcrops, still shows dips in the range 

of 20 to the southeast. Thus, we may postulate that the 

volcanic source lay to the northwest of this area, possi

bly in the vicinity of Keystone Peak. 

A.s mentioned above, the Silver Bell-younger rhyo

lite sequence shows many petrologlc similarities to the 

Oxframe formation. The question immediately arises 

whether the Silver Bell Formation is petrogenetically a 

basal member of the younger rhyolite. Bikerman (1963, p. 

85) postulated that in the Tucson Mountains, the chaos 

unit underlying the Cat Mountain Rhyolite actually repre

sents initial explosive activity which preceded nuee 

ardente eruptions which formed the Cat Mountain Rhyolite. 

In the sierrita area, the Silver Bell Formation may be a 

genetic correlative of the chaog unit. A further possi

bility in this regard is that the basal breccia unit of 

the younger rhyolite is correlative, in terms of genesis, 
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with the Tucson Mountain chaos. For the time being, these 

questions must remain unresolved. Though the Silver 

Bell Formation resembles the chaos to a fair degreef ^% 

appears to unconforraably underlie the younger rhyolite. 

This contact is not well-exposed anyvhere in the area and 

is based largely on the regionsl dips of the two formations. 

If the contact is conformable, a correlation with the 

chaos-type of origin would be strengthened. Mso, if the 

contact is conformable, the basal breccia could be the 

upper part of the Silver Bell Formation. 

The fact that welding is not as prominent in the 

younger rhyolite tuffs as it is in the Oxframe tuffs 

indicates that the thermal intensity of the Oxframe erup

tions was hirrher. Lesser accumulations of younrror 

rhyolite indicate that volcanism existed over a shortor 

span of time than in the case of the Oxframe accumula

tions, though the sequence of events was the same in both 

cases. 

i 



STRUCTURE A.ND TECTONICS 

General Considerations 

An understanding of the structural framework Is 

essential to a logical and defensible explanation of the 

geologic history of the area. A very brief summary of 

the structure history of the Pima district was given by 

Cooper (1960). The Pima district overlaps the area of 

present study on the eastern side. 

Two avenues of study were followed in analyzing 

the structure of the Sierrita Mountains. One of the 

prime areas of emphasis in field mapping was a clear 

delineation of the structural elements and their patterns 

in outcrop. This work forms the foundation of the pres

ent interpretations. In addition, however, availability 

of a good set of aerial photographs, both low-level and 

high altitude, pointed to the possibility of a photo-

structural analysis of the area. This was undertaken in 

an effort to determine whether structural elements were 

present in the area which were not discernible in outcrop. 

In addition, the high altitude photos, covering nearly a 

quadrangle in area, were examined in an attempt to delin

eate broad regional structural patterns. 

\?\ 
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Field mapping included delineation of fault 

structures, recording of the altitude of joints, mapping 

folds and fold axes and the recording of significant vol

canic structures. 

Faulting 

Description of Faulting 

Three main directions of faulting were mapped 

in the Sierrita area. The three directions differ not 

only in trend, but apparently al30 in age. Faults tren

ding approximately N70°W, N60-80°E and north constitute 

the main directions of movement. Each of these directions 

represents a "family" of faults, Including major members 

and innumerable small structures. For the most part, 

steep dips, ranging from 60-90°, were recorded on the 

faults. 

Faults trending about N70°W are quite common 

throughout the area. The 3ierrita fault belongs to this, 

group. Faults of this trend are often difficult to 

recognize and, indeed, the oierrita fault is only inter

mittently traceable along its length. Thd Jierrita 

structuresranges from about a foot in width to a zone 

75 to'100 feet across at its maximum. It is generally 

a discrete structural entity, as oppossd to the 



northeast-trending structures which tend to be more 

diffuse zones of multiple fracturing. A.t several spots 

along its trace, the 3ierrita fault has been sillcified 

and mineralized (figure 24). One such area is along the 

ridge crest northwest of the West Star mine. Silicifica 

tion has produced a very bold outcrop, traceable down 

the west side of the ridge for about a thousand feet. 

Generally, however, the Sierrita fault is not prominent. 

Up to three feet of fault gouge was noted in some places 

accompanied by a zone of intense shattering up to 25 

feet wide. The Sierrita fault dips steeply (80°) to 

the northeast and relative movement on the fault, where 

discernible, appears to have been left lateral with dis

placement of the magnitude of a thousand feet. The 

Sierrita fault is offset in the northern part of Section 

11 by a later northeasterly-trending structure. The 

evidence, however, indicates that the Sierrita fault 

(and probably the other northwesterly trends) has had a 

complex history involving several periods of activity. 

Though the structure is not traceable farther east than 

Section 11, elongation of the diorite body in Section 7 

along this trend and the linearity of the quartz monzon-

ite-granodiorite contact in the same area indicate that 

the zone of weakness represented by the Sierrita fault 

extends beyond the limits mappable in the field. Though 
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the evidence is not conclusive, movement along the north-

westerly-trending structures appears to be predominantly 

strike-slln. 

A. number of important northeasterly-trending 

structures were mapped in the area. A.mong the more 

important are the Cowboy Wash fault, traceable for several 

miles along the southern boundary of the range (figure 25), 

the A.sh Creek fault in the northwestern part of the 

district and the Tascuela fault located in the west-

central part of the map area. Both the Ash Creek and 

Tascuela structures are known to extend for several miles 

down the west flank of the range (Thorns, personal communi

cation). In addition to the specific structures mentioned, 

numerous smaller northeasterly faults are traceable for 

distances up to several thousand feet. In fact, the 

photo-structural map (figure 5) shows a very strong 

predominance of northeasterly-trending structures, 

particularly in the southern part of the area. 

Northeasterly-trending faults are generally 

steeply-dipping, either northwest or southeast and exhibit, 

like the northwesterly faults, left lateral movement with 

the strike-3lip component apparently dominant over the 

din-slip. Faults of this trend show a greater tendency 

toward highly-fractured complex fault zones than do 

their northwest-trending counterparts. The Cowboy Wash 
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fault Is a case In point. Over much of its length this 

fault is actually a complex zone of faulting ranging 

from 100 to 500 feet in width. Brecclation of the coun

try rock and development of 10 to 20 foot gouge zones 

are common along this zone. The Cowboy Wash fault zone 

has had a profound effect on the present physiography, 

closely controlling drainage and topographic patterns 

along its trace (figure 26). A.n important parallel 

structure occurs south of the Cowboy Wash fault (beyond 

the limits of figure 3, but shown on figure 5)* It is 

here called the Duval fault because it passes through 

Duval's Esperanza pit and represents a major regional 

control for copper-molybdenum mineralization. Though 

structural control of mineralization will be considered 

in detail in a later section, it can be mentioned here 

that the Cowboy Wash fault serves as a regional control 

for mineralization in the area of the diorite. 

The A.sh Creek and Tascuela faults are not as 

well exposed in outcrop as is the Cowboy Wa3h structure. 

The Tascuela fault is readily apparent as it crosses the 

hill in the center of Section 4. in this area, strong 

outcrops of tourmaline granite which weather to a dis

tinctive dark gray hue are in fault contact with the 

more subdued buff-colored outcrops of fine-grained leuco-

granlte. The fault plane is marked by the development 

of a narrow gouge zone and, locally, brecclation of 



both rock types. As with the Cowboy '.Vash fault the Tas-

cuela structure is actually a zone of complex faulting. 

With the Tascuela fault, however, individual faults are 

discernible and shattering along the zone is not as fully 

developed. The A.sh Creek fault is the most difficult of 

the faults to trace in the field. Its trace follows a 

valley up the west flank of the range and seems to die 

out at higher elevations. Svidence for the existence of 

the structure can be seen intermittently along the valley 

and in one or two places on the hillside. A. steep dip 

is inferred from the straightness of the fault trace. 

Off-setting of the contact between the coarse-grained 

and fine-grained leucogranites seems to indicate 

right-lateral movement, but the strong preference for 

left lateral movement shown by other faults throughout 

the area may indicate that the apparent right-lateral 

movement probably represents either late movement on 

the fault or an apparent movement produced by intrusive 

relations. 

North trending faults are not especially well-

developed in the area, although the photo-structural 

map shows a strong northerly trend in the pediment east 

and north of the KcGee Ranch. These north pheto-struct-

ures are rigidly restricted to the nearly level pediment 

surface and may represent faults formed in conjunction 
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with late Basin and Range-type block faulting. Outcrops 

are very poor in the pediment area and little field con

firmation of the photo-structures was obtainable. 

No major north-trending faults were mapped, 

although a number of smaller breaks do occur. One of 

these, occurring in the northeast corner of Section 11, 

is marked by a sillcified zone about six feet wide. The 

fault is traceable along a narrow canyon for about a 

thousand feet and appears to have a near-vertical dlD. 

Age of Faulting 

The history of movement on each of the three 

major fault directions is complex. The northwesterly-

trending faults, and particularly the oierrita fault 

represent an old direction (possibly Precambrlan) which 

was re-activated in Cretaceous-Tertiary time. That a 

zone of weakness existed t>rior to the intrusive episode 

has been pointed out. Tvie> existence of northwesterly-

trending structures in the dlorite Indicates a 

re-activation of this direction again after the emplace

ment of the diorite and the presence of northwest-

trending andesitic and basaltic dikes, particularly in 

the area of the Diamond Head prospect, suggests a possible 

post-ore movement along this trend. 



The northeasterly trend, possibly a reflection 

of older Precambrian structures, was produced following 

the Intrusive episode. Post-ore movement is also indi-

cated by the brecciation and off-setting of auartz-

sulfide veins in the diorite and displacement of a 

latite dike in the western part of Section 13. This 

occurrence may be of considerable significance because 

it indicates at least some movement on the northeast 

trend after the deformation which produced northerly 

faulting. Lynch (1965. in preparation) indicates that 

north-trending faulting occurred in the Ssperanza area in 

the midst of the intrusive episode. Mapping in this 

area shows that such trends are at least post-quartz 

monzonite in age and, if the structures mapped are 

related in time to the photo-structures which exist in 

the pediment area, the trend must be post-granodiorite 

in age. It seems on the basis of the available evidence, 

that the northerly trend Is the youngest of the three, 

although recent movement along the northeast trends 

probably post-dates the formation of the northerly 

structures. 

To summarize then, the major movement on the 

northwesterly-trending faults occurred after deposition 

of the volcanic sequence, but before emplacement of the 

intrusive complex. The major northeasterly movement 
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occurred following emplacement of the intruslves and the 

northerly trends were formed at some time after the 

northeast structures. They may represent either ten-

sional breaks formed in response to the relaxation of 

the forces which produced the earlier faults, or breaks 

formed as a part of the Basin and Range block faulting. 

Joints 

Description of Joint Patterns 

For purposes of this study, joints are defined 

as open fractures of small lateral extent in the rock 

which show no evidence of movement, either vertical or 

horizontal. If indications of movement were present, 

the structures were classed as faults. If the structures 

were healed by quartz introduction or the Introduction of 

dike material, they were not classed as Joints. 

The development of Jointing varies considerably 

from rock type to rock type in the Slerritas. For 

example, though Jointing is well-developed in the diorite, 

the Joints are poorly preserved due to the softness of 

the rock and its lack of resistance to weathering. In 

general, jointing is better developed in the intruslves 

than in the volcanic rocks, although individual flow 

units, particularly the more acidic varieties, show good 

Joint oat. terns# In some areas, such as the pediment 
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northeast of the Kcdee Ranch, measurements had to be taken 

at every opportunity because of the poor bedrock; exposures. 

Through most of the area, though, Joints were readily 

available for measurement and representative readings 

were taken. Many more readings were actually taken In 

some places than are recorded on figure 3. The measure

ments shown are considered to be representative of the 

overall pattern. 

Analysis of the Joint Patterns 

The joint measurements were plotted in the form 

of a rose diagram included as figure 6. Inspection of 

this diagram shows three primary joint directions -

northeast, northwest and north. In gross aspect, these 

directions correspond very well with similar analyses 

made for faults mapped In the field and faults inter

preted from aerial photographs. Rose diagrams of these 

two sets of data are also Included in figure 6. Regard

less of strike, the predominant dip of the joints is 

quite steep ( 60"") although about five to ten percent of 

the readings showed dips of less than 20 degrees. There 

is no pattern to the direction of the dip of the joints, 

nor is there any discernible relationship between any 

given strike direction and dip direction. The only 

possible exception to this statement is a suggestion that, 
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more often than not, Joints with low dips tend to be most 

closely related to the north-trending group. This rela

tionship may be more apparent tl^an real, however, because 

the greatest single concentration of joint trends lies 
o ° 

between N15 W and N15 B so it is perhaps logical to 

expect more of the near-horizontal Joints to have this 

trend. 

Of interest in the analysis of joint patterns is 

the discrepancy between the relative importance of the 

main joint directions and that 3hown by the main fault 

directions. The Joints show a much bet.ter "scatter" 

than do the faults. That Is, directions other than the 

primary directions, though still of minor significance, 

are better represented by jointing than they are by 

faulting. The great predominance of north-trending 

Joints is not reflected in the fault diagrams. Since 

the joint patterns are at least in part a reflection of 

the latest tectonic adjustments in the vicinity, the 

northerly pattern probably represents the result of a 

combination of late doming of the main range and normal 

block: fnuitin^ in the valley. The occurrence of concen

trations of joint readings on northeast and northwest 

trends corresponding to the major shear directions Is not 

unexpected. 
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Folding 

Description of Folding 

Folding is not recognized as an important part 

of the structural framework of the eastern Sierrita 

Mountains. Although the tectonic history indicates sev

eral neriods of intense activity, the tensions produced 

by deformation were relieved almost wholly by faulting 

rather than folding. This is due, for the most part, to 

the types of rocks under stress. In the study area, the 

rocks are predominantly Intrusive varieties whose charac

ter make them more susceptible to fracturing. On the 

west side of the range, less than four miles away, 

Paleozoic and Mesozoic sediments and volcanics are com

pletely folded in addition to being faulted. 

The volcanic sequence consistently dips homoclin-

ally' to the south and southeast. As the strike of the 

volcanics swings around from the east to north-noriheast, 

the horaoclinal structure swings with it. The outcrops of 

volcanic rocks'and sediments in the extreme southeast 

corner of the rriap area also show consistent dips to the 

southeast. 

A small anticlinal structure occurs in the south

eastern corner of Section 10. The quartz monzonlte plug 

which cuts the volcanic sequence has locally bowed them up 
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to form an anticline. The structure dies out rapidly 

away from the quartz nonzonlto along the trend of the 

fold axis. Near the quartz raonzonlte intrusives in Sec-

tion IS there is a surest!on of a steener dip, but the 

evidence is not conclusive. Likewise, the dips are 

somewhat steeper along the contact between the volcanics 

and fine-drained leucogranlte in Sections 4 and 9. For 

the rao3t part, however, folding is of minor importance 

in the mat) area. 

Age of Folding 

What folding does exist is directly related to 

the intrusion of the igneous complex. The homoclinal 

structure is the result of doming and intrusion which 

tilted the volcanics and forced them outward. The Oxframe 

and Silver Bell volcanics were tilted prior to extrusion 

of the younger rhyoilte and the whole sequence was tilted 

further during the Intrusive episode. Though there are 

other lines of evidence which support post-ore domino, 

no structural effects of such uplift are present in the 

volcanics. 

Photo-structures 

An analysis of structural elements observable 

on aerial photographs has been made. A photo-structural 
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map of the eastern 3ierrita area is included as figure 5. 

The area covered by figure 5 is somewhat larger than that 

covered by the field studies, primarily because it was 

felt that certain photo-structural features occurring 

outside of the area mapped were essential to an under

standing of the structural framework of the area as a 

vmol^. 

Reference to figure 5 indicates, broadly speak-

inr, the existence of three structural environments. 

These are the pediment area north and east of the McGee 

Ranch, the main mountain mans and the foothill extension 

of the main mass in the southern of the area. Bach 

of these area;; Is characterized by a separate and dis

tinct structural pattern. By far the most prominent 

pattern shown by the photo-structures is the strong 

•lorthoftut-.-jrly trend which dominates the foothill exten

sion. Included in this zone are two of the major fault 

systems mapped in the field, the Cowboy Wash and Duval 

structures. In the foothill area, the northeasterly 

structures have virtually eliminated any other trends 

which might be present. 

The pediment area is chracterlzed by a dominance 

of north to northwest structures. \ similar nattern is 

shown in the extreme northwest corner of the area. Mere 

however, the trends are north to slightly east of north. 
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This area is also one of low relief, off the flank of the 

main mountain mass. 

The structural pattern of the main mountain 

range reflects most closely the overall structural frame

work as it has been developed in field mapping. Both 

northeasterly and northwesterly trends are present^ along 

with subordinate north trends. Though the rone diagram 

of photo-structural trends (figure 6) shows a strong 

preference for the northeast direction, this is a reflec

tion of the obvious abundance of these structures In the 

foothill extension. Were a rose diagram constructed using 

only trends delineated in the main mountain mass, it 

likely would closely resemble that diagram made for 

faults mapped in the field. 

The significance of these structural trends will 

be considered in the discussion of the origin and devel

opment of the structural and tectonic framework of the 

area. 

Regional and Local Tectonics 

The structural patterns described above are the 

result of the interaction of magmatic and tectonic forces. 

The petrology and origin of both the intrusive and extru

sive rocks will now be considered from the standpoint of 
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their relationship to, and their effect on, the origin 

and development of the structural framework of the Sierrita 

Mountains. 

Interpretation of Structural Patterns 

It seems most advisable, in discussing the 

structure of the 3ierritas, to begin with the regional 

patterns shown and graduate downward to smaller features 

and relate them to the overall pattern. 

The regional pattern shown b,y the photo-struct-
r 

ural map, figure 5, reveals several elements relatable 

to the tectonic history of the area. Very briefly, the 

tectonic history can be viewed as a sequence of events 

involving possible pre-volcanic doming resulting in the 

shedding of Paleozoic sediments, extrusion and deposi

tion of the sedimentary-volcanic sequence, erosion and 

deformation producing northwesterly structural trends, 

doming of the main range with contemporaneous tilting 

of the volcanlcs, intrusion of the igneous complex, con

temporaneous with, and subsequent to the do:ninfr, major 

deformation forming the northeasterly trends and finally 

doming of the range, accompanied by further tilting of 

the volcanics and, probably, block faulting along the 

margins of the mountain mass. 
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In the context of this sequence of events, the 

dominantly north trends observed in the pediment areas 

east and northwest of the mountain mass probably reflect 

a crudely-developed concentric pattern developed by 

doming, both the early and late phases. Verification of 

the existence of these structures in the field Is diffi

cult because of the poor outcrops in the pediment area. 

The importance of the north direction is shown by the 

rose diagram of joint directions (figure 6) 

The lack of a well-developed radial pattern such 

as that described by Knopf (1936) and Lootens (1959) in 

the Jpanish Peaks area of southeastern Colorado can be 

accounted for in several ways. The radial pattern in 

the Colorado locality (Lootens, 1959) resulted from the 

intrusion of a roughly circular stock of quartz monzonlte 

Into a flat-lying sedimentary sequence which forms part 

of Huerfano park (Brings and Goddard, 1956), Experimen

tal studies carried out by the author in 1958-59 showed 

that if the intrusive body varies significantly from a 

circular shape, the radial pattern is often not developed. 

Likewise, a concentric fracture pattern, well-developed 

with circular intrusions, shows only incipient develop

ment when the intrusive force Is non-circular. As the 

intrusive approaches an elliptical or rectangular shape, 



138 

the fractures that develop tend to parallel the long axis 

of the intrusive. 

The existence of strong northwesterly trends 

prior to doming also would have had an effect on the 

fracture pattern developed by the uplift. They cer

tainly would have provided a mechanism for relieving the 

stress produced bjk uplift before new, radial patterns 

were developed. 

A. final factor of significance in this regard is 

the great disparity in rock types involved - at least in 

the later uplift. Svldence is not available to indicate 

with certainty whether the volcanic sequence covered the 

entire region or whether older intrusives were present in 

the northern pfirt of the range at the time of the initial 

doming. If part of the area was made up of intrusive 

rocks, as was the case at the time of the later doming, 

fracture development would have been influenced by this 

inhomogeneity. 

The strong northeasterly trends exhibited by the 

foothills extension area (figure 5) show many of the 

characteristics considered to be typical of wrench faults 

(De Sitter, 1956, pp. 173-4). The northwesterly trends, 

though formed at a different time than their northeasterly 

counterparts, are quite similar to them and undoubtedly 

were formed by the same type of mechanism. The straight 
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traces of these structures, their high angle of dip and 

trie presence of significant amounts of strike-slip move

ment tend to eliminate the-possibility that they are 

thrust faults. The topographic expression of the Cowboy 

Wash fault is very similar to that described for parts 

of Jan Ajidreas rift zone (iallace, 1949). 

The formation of these wrench structures is 

apparently independent of any genetic relationship to 

the uplifts which affected the area. Development of the 

northwesterly structural trend was accomplished prior 

to the emplacement of the intrusive complex (Cooper, 

1^60, p. ^3). Though no direct evidence can be offered 

other than the trend of the faults, compror.sive forces 

oriented aporoximately east-west are suggested as the 

means by which the northwesterly structures were formed. 

3o:ne Indication of the direction of compression may be 

gained from the existence, on the west side of the range, 

of a series of north, to northwest-trending folds in the 

volcanics (?air, personal communication). That later 

movement occurred along these structures has been pointed 

out previously. The development of the main northeasterly 

trends took place following intrusion of the igneous 

bodies and, hence, after the initial domal uplift. A.galn 

an essentially east-west compressive force is postulated 

for the formation of these structures and repeated 
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movement along these faults has occurred. At least some 

post-ore movement has occurred as evidenced by the off

setting of mineralized quartz veins and late dikes in 

the eastern part of the area. 

Though the development of the major part of the 

north structures is probably related to dorainr, the 

majority of such structures now evident, both in the 

field and on aerial photographs probably reflect the last 

uplift. In all probability, two periods of north-trending 

fault development occurred, associated with each of the 

t.vo uplifts. This accounts for the otherwise anomalous 

occurrence on the photo-structural ms-o of wrench faults 

bein"; offset by northerly-trending structures. 

Tectonic History 

Based on a I c n o w l e d ^ e  o f  the petrology and struct

ural -ittern o f  t i e  a r e a ,  t h e  t e c t o n i c  h i s t o r y  o f  t h e  

>1  e r r l t a  Mountains c a n  b e  p i e c e d  t o r - o t h e r .  I n  m a n y  

r e s p e c t s ,  t h e  t e c t o n i c  h i s t o r y  o f  t h e  r e g i o n  i s  e s s e n t i a l l y  

t h e  geologic h i s t o r y  s i n c e  t e c t o n i c  a c t i v i t y  h a s  b e e n  

s u c h  a  m a j o r  f a c t o r  t h r o u g h o u t  ~ e o l o r - l c  t i m e .  

Upon'an erosion surface of pre-Oretaceous(?) 

rocks, the pyroclastics and flows of the Oxframe Forma

tion were deposited. The fact that the base of this 

formation is not exposed in the area, makes a determination 

of the nature of the pre-Oxfrarae rocks impossible. Thorns 
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(personal communication) mapped Paleozoic sediments and 

pre-Cretaceous(?) intrusive rocks below the volcanic 

sequence on the west side of the range. That the pre-

Oxframe surface was of relatively low relief is indicated 

by the general consistency of thickness of the units in 

the lower part of the formation. '/olcanic activity 

gradually became sporadic and was Interspersed with 

progressively longer periods of subaerial erosion. It 

seems probable that the redbed sequence described by 

Thorns (personal communication) was also deposited in the 

eastern Jierrita area but was subsequently removed by 

erosion. Volcanic activity of a dominantly explosive 

nature began again following this and may have continued 

on through at least part of the corapressional phase which 

produced the northwesterly structures. Evidence for 

this possible overlap lies in the fact that the younger 

rhyolite shows little in the way of northwest-trending 

structures and may have still been in the depositlonal 

process when they were formed. 

Uplift of the range followed the compressional 

phase. With regard to this initial uplift, it is well 

to consider the mechanics of such a movement in the 

context of the Sierrita area. The question arises as to 

whether the overlying rocks were forced upward or outward 

by the intrusions which accompanied and, In large part, 
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were probably responsible for the uplift. Field evidence 

indicates that, in all probability, both situations 

existed. The presence of small patches of volcanics in 

the northern part of the area indicates that at least 

some of the volcanics were forced upward. On the other 

hand, the upturning of the volcanics at the intrusive 

contact in some places and the steepness of the regional 

dip of the volcanics indicates that an outward movement 

also took place. The center of the uplift probably lay 

in the general vicinity of the area west and north of 

McGee Ranch, although the upwnrd movement is viewed as a 

large, rather gentle and probably slow event. The more 

gentle dips of the volcanics in the southeastern part of 

the area indicates that they lay farther from the center 

of the uplift than those in the Oxfrt\ne Canyon area. 

weaver  (1965 ,  preparation) • • • • t u i i t e s  aomin^ of  Vie  

granodiorite east of the McGee Ranch and, since the 

granodiorite is younger than the other intrusives, it is 

possible that the upwarp moved eastward with time. 3uch 

movement would probably reflect a gradual shift in the 

location of the magmatlc conduits. 

Following doming and intrusion, compressive forces 

again came to the fore, forming predominantly northeasterly 

trends, but probably also re-activating, to a certain 

extent, the Dre-existing northwesterly trends. North 
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trends which had formed In connection with the domal 

uplift were offset by northeasterly movement at this time. 

A striking example of this is shown on figure 5 southeast 

of the Esperanza Pit. 

The finr>l significant tectonic phase involved 

a domal uplift, centered in the Keystone-Placer Peak area, 

which was accompanied by tilting of the nearby volcanics 

and, probably, Basin and Range-type block faulting at the 

edge of the pediment. Pedlmentation had probably already 

begun at this time and has continued on to thei present. 

The exceptionally well-developed pediment surrounding 

the oierrita Mountains must have resulted from a relatively 

long, uninterrupted period of pedlmentation. 

In summary then, domal uplifts have alternated 

with compressional episodes throughout much of UDper 

Cretaceous and Tertiary time. Intrusive activity accom

panied the early period of uplift and, represented by 

late dikes, may have continued throughtout the latter 

compressional phase. 



ECONOMIC GEOLOGY 

General Remarks 

A.s is the case with many of the mountain ranges 

in southern Arizona, the Sierritas have been subjected 

to sporadic prospecting for many years. The general 

3ierrita region has been the site of considerable acti

vity, both past and present. Twin Buttes was an active 

mining camp early In this century, as was the jan Xavier 

area further north. On the west side o. the mountains, 

several camps, Including the Banner, Sunshine and Yellow 

Bird were active in years past. In the study area, however, 

exploration, though sometimes quite intense, never seemed 

to produce much in the way of tangible results. Most 

early (pre-1?S°) exploration in the area was directed 

toward the discovery of precious metals or high-grade 

base metal deposits. 

Copper, molybdenum, gold, silver and uranium 

have been found in the east Sierrlta area. Of these, 

the precious metals have probably produced the greatest 

financial return in the past, but, based on recent explor

ation, copper and molybdenum bode well to become the 

major metals in the future. 

1 4 4  
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History of Mining; and Exploration 

The earliest entry into the Sierrita area In 

search of metals was undoubtedly made by nomadic Indians 

though sparse record of their activity exist today. 

Several poorly-preserved pictures scratched into the 

rocks along the McGee Road provide some evidence for the 

presence of Indians in the area, but the pictures are 

not assignable to any specific period or tribe. The 

discovery of many artifacts in the McGee re-entrant 

indicates that the area was used as a camp ground by early 

tribes. The Yaqui Indians did some prospecting in the 

Sierritas and the Yaqui shaft (figure 8) on Keystone 

Peak was dug by them prior to 1900. 

Exploration during the 19th century was severely 

inhibited by the presence of roving bands of hostile 

Apache Indians and it was not until the latter part of 

the century that this threat was removed. Following 

that, the tempo of exploration increased greatly, for it 

was at this time that the high-grade copper deposits of 

the Twin Buttes district were discovered and developed. 

For several years, the Twin Buttes camp was a thriving 

town which was a regular stop on the Southern Pacific 

Railroad. 

A.bout the same time that the Twin Buttes deposits 

were being developed, the founders of the McGee settlement 



1 4 6  

were panning the dry washes draining the south end of the 

Sierritas for placer gold and searching the higher slopes 

for the source of the gold. In the course of this work, 

numerous prospect pits, adits and shafts were dug and 

many small shows of precious or base metals were found. 

Perhaps more importantly, the McGee group moved its base 

of operation from the south end of the range to the pres

ent location of the settlement. Since their initial 

entry into the area, these people have more or less 

continuously prespected the Sierritas and the adjacent 

pedlmenfc. 

i )urin.r the uranium boom of the mid-1950*s, the 

Sierritas, like many another mountain range in the west, 

was subjected to the probings of the Geiger counter and 

scintillometer. No concentrations of any magnitude were 

discovered, but several small uranium prospects were 

investigated. Two of these lie within the map area in 

the northern Sierritas, west of Samanlego Peak. 

The latest chapter in the history of mining in 

< the Sierritas has involved exploration for large tonnage 

base metal deposits by the major mining companies along 

the eastern fringe of the mountains. The Esperanza deposit 

of the Duval Corporation lies just east of the map area 

and extends into the eastern part of the area. 
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Mineralization 

Regional Setting 

Prom an economic point of view, the Sierrita 

Mountains lie in the midst of the raarainotii southern Ari

zona copper province - one of the great copper-producing 

areas of the world. Were it not for the immense produc

tion of copper, the region might Indeed have been known 

for its lead-zinc and precious metal output, but these 

have been far overshadowed by copper. 

Arizona produces approximately half of the new 

copper in the United States annually. Virtually all of 

this production comes from southern Arizona. The mines 

at Bisbee, Morenci, AJo, Mission, Pima, Silver Bell, Ray, 

San Manuel and the Globe-Miami area together produce about 

1,500 tons of copper metal per day. Within this "mega-

distrlct", the fastest growing segment is the Twin Buttes-

Pima district which is bordered on the west by the 

Sierrita Mountains. Since 1950, when the district was 

virtually dead, exploration has revealed the Pima, Daisy, 

Mission, Esperanza, Palo Verde and Twin Buttes orebodles. 

These deposits represent reserves of close to one billion 

tona of low grade copper ore. Within this framework 

of tremendous metallic concentrations, the mineralization 
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of the Sierrita Mountains seems puny by comparison. It 

is, however, an Integral part of the metallization of the 

district and, as will subsequently be shown, It fits 

Into the structural picture Involved In the overall 

metallization of the district. 

To a degree, the mineralization of the Sierrita 

Mountains can be grouped for discussion by merely follow

ing the historical development of the search for ore 

deposits in the area. That is, the precious metal 

deposits sought by early prospectors, the high-grade base 

metal concentrations which were the target of the pros

pectors until very recently, and the large tonnage, low-

grade copper-molybdenum deposits which are the object of 

current activity in the area. The brief flurry of activ

ity connected with the search for economic concentrations 

of radioactive minerals completes the list of types of 

deposits occurring in the region. In general, the miner

alization of the mountain range will be discussed accord

ing to this breakdown, though not necessarily in the same 

order. 

Inasmuch as the current emphasis in exploration 

of the district is directed toward the large, low-grade 

concentrations of metal and also because they potentially 

represent by far the most economically significant deposits, 

they will be taken up first, to be followed by the 

* 
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high-grade base metal deposits, uranium occurrences and 

finally the gold-silver deposits. 

Low-grade Copper-Molybdenum Deposits 

The Esperanza deposit, located in Section 16, 

T18j, R12S appears to represent the locus of a large zone 

of low-grade disseminated copper-molybdenum mineralization 

covering approximately six square miles on the southeastern 

flank of the Slerrita Mountains. 3ince this deposit lies 

outside of the area under discussion, it will be referred 

to only insofar as it relates to mineralization within 

the area. Excellent discussions of the Esperanza deposit 

have been given by Jchmitt (1959) and Lynch (1965, in 

preparation). 

The large, elongate body of biotlte diorite crop

ping out in Section 7, west of Esperanza, is the center 

of n. satellitic metallic concentration (figure 7). In 

this area there has been no significant formation of a 

blanket of secondarily enriched copper. Chalcocite is 

present only in trace amounts. The main metallic minerals 

are chalcopyrlte and molybdenite, along with small, but 

persistent, amounts of silver and traces of gold. No 

silver or gold-bearing minerals were noted in the polished 

sections studied and it is probable that these metals are 

contained within the structure of other sulfide minerals. 
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The sulfides occur as disseminated grains and 

narrow veinlets, usually associated with quartz veins 

which cut the diorite. The country rock is nlghly-frac-

tured and many of the fractures have been nealed by 

quartz veins ranging from one-eighth to three inches in 

width. The average quartz vein is about one-half inch 

in width. The quartz is massive and usually milky, 

although some glassy quartz veins were seen. Associated 

with the quartz, one normally finds small amounts of 

orthoclase and epidote. A few occurrences of calcite 

were noted, but these are more probably related to later 

calcite veinlets which cut the quartz veins. 

The sulfide-bearlng quartz veins represent the 
• 

final step in a sequence of events which together consti

tute the alteration and mineralization phase which 

affected the area. In addition to the diorite, the biotite 

quartz monzonite and equigranular -ra-iv-iorite were also 

affected, but to a lesser extent. 

The mineralization phase may be divided into two 

subphases: alteration and metallization, although no 

break in time is implied by this division. Evidence 

indicates that they are actually one continuous chain of 

events divided here only for purposes of discussion. The 

alteration sub-phase will be treated in terms of the effects 

on each of the rock types involved. Likewise, metallization 
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will be discussed for each rock type though the differences 

are not as pronounced as they are for alteration# 

In the dlorite, the formation of chlorite and 

magnetite after biotite or hornblende and the breakdown 

of plagloclase to sericite represent the main alteration 

changes. Fresh euhedral crystals of secondrry biotite 

are present in the same thin section showing widespread 

breakdown of primary mafic minerals. The presence of 

secondary biotite crystals is a much more prominent 

characteristic of the alteration phase of the more 

acidic intrusives. 3ome introduction of potash in the 

form of thin orthoclase yeinlets has occurred in the 

diorite, but it is not an important hydrothermal product. 

Secondary orthoclase is more prominent and more important 

in the more acidic ingrusives. In addition to the forma

tion of some sericite through plagloclase breakdown, seri

cite occurs in moderate amounts as a very fine-grained 

filling between grains and also as a thin selvage along 

some of the quartz veins. 

Hydrothermal changes wrought in the biotite quartz 

monzonite and equigranular granodiorite are very similar 

and will therefore be discussed together. 

Quartz, sericite and orthoclase are the main 

products of hydrothermal alteration in the acidic intru

sives. In addition, significant amounts of secondary 
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biotite crystals, some epldote and a little chlorite 

also occur. Quartz is found both as distinct veins and 

also, in some areas, as a pervasive flooding of the rock. 

Of the two, the veins are more important economically, but 

are more properly considered as a part of the metalliza

tion phase. The pervasive quartz introduction, on the 

other hand, is pre-ore and directly associated with the 

formation of sericite and orthoclase. It occurs inter-

stitially as fine-drained masses along with serlcite and 

orthoclase. 

Serlcite, in addition to the occurrence described 

above, forms through the breakdown of plagioclase feld

spars. This breakdown in most ir-r ^nces has not been 

complete and crystal outlines and twinning are often 

still discernible. The primary potash feldspars are 

only moderately altered to kaolin, the general appearance 

of the grains being dusty. Secondary orthoclase occurs 

as veinlets and fine-grained masses with other hydrother-

mal minerals. A. few instances of secondary overgrowths 

of potash feldspar were seen. 

Epidote and chlorite occur as small euhedral 

crystals with blotite and hornblende. In cases where the 

biotlte is primary, the chlorite is found with magnetite, 

the two minerals forming from the breakdown of the biotite. 

Secondary biotite crystals several millimeters across are 
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characteristic "birds-eye" extinction. In hand speci

mens they are quite prominent shiny, black flakes. 

Chalcopyrite, pyrite and molybdenite are the most 

prominent sulfides found in the area. They occur as 

small masses and veinlets within quartz veins, as complex 

sulfide.veins without quartz and, more rarely, as dissem-

ln^te-i grains in the rock. This latter type of occurrence 

is almost wholly restricted to the quartz monzonite and 

.-^ranod 1 orito and, where dissemination does occur in the 

diorite, the grains are very small. 

In the diorite, both quartz-sulfide veins and 

quartz-free sulfide veins occur, but the former is more 

important. Quartz veins fill fractures in the rock and 

virtually always carry sulfides. In general, the greater 

the density of quartz velning, the higher the grade of 

the ore. The frequency of quartz veins is about one 

every three to four inches. Pyrite and thalcopyrl te  

usually occur together, either without molybdenite, but 

molybdenite often occurs without the other sulfides. 

Molybdenite is usually found along the edges of the quartz 

ve.ins, though this is not without exception. Only in 

higher grade zones is it found within the main vein 

structure. 
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The pyrite-chalcopyrlte ratio in the diorite is 

low, proaably in the range of 1:1. Though erosion has 

cut deeply into the mineralized zone, the low pyrite-

chalcopyrlte ratio has no doubt inhibited development of 

a significant secondary blanket of enriched ore. Chalco-

cite was found only sparingly, occurring as thin coatings 

on pyrite and chalcopyrite. 

In the acidic intrusives, the metallization 

picture is much the same. There are, however, some impor

tant differences. Molybdenite is more prominent and some 

of the best molybdenum ore occurs in the quartz ir.onzonite 

near the windmill in Section 7. Quartz-molybdenite veins 

up to two inches in width were seen in drill core from 

this area. The pyrite-chalcopyrite ratio is higher in 

the acidic rocks and a moderate amount of iron oxide has 

been developed in surface exposures. Though most intense 

along vein structures,the red-brown coloration is notice

able over most of the mineralized zone in the acidic rocks. 

In these rocks also, we find the only significant devel

opment of oxidation products. Coatings of melaconite, 

malachite and some azu.ritc on fracture surfaces are not 

uncommon. Jmall amounts of f„rrimolybdite, the brilliant 

yellow oxidztion product of molybdenite, were found in a 

few outcrops. If weathering and oxidation were ever 

active to any great depth — and considering the amount 
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of shattering in the area, they certainly could have 

been — erosion has removed most of the evidence of it. 

Drilling in both the dlorite and acidic rocks shows that 

oxidation and weathering effects are not evident below 

about 25 to 30 feet and fresh unweathered sulfides can be 

found in some of the dry wahses, 

Studies of drill core and polished sections cut 

from some of the core reveal a reasonably straightforward 

paragenetic history for the mineralization. Sericlte, 

quartz, secondary potash feldspar and secondary blotite 

were formed following a period of deformation which 

cracked the country rock. After further fracturing, 

quartz and potash feldspar were introduced along frac

tures. Molybdenite was introduced early along the margins 

of the quartz veins. Its presence with the other sulfides 

indicates,hhowever, that it is at least in part contem

poraneous with t.le;'.. Pyrite and chalcopyrite appear to 

be contemporaneous and their introduction began sometime 

after the quartz. For a time, all of the minerals were 

being deposited together. Pyrite-chalcopyrlte introduction, 

however, continued beyond that of quartz and possibly after 

a pause during which some deformation occured. Several 

instances of quartz-sulfide veins being offset up to an 

inch by pyrite-chalcopyrite veins were seen in drill core. 

Following the end of sulfide lntrpduction, still another 



period of deformation occurred. This resulted in the 

displacement of the late quartz-free sulfide veins. At 

some time after this, probably fairly soon, calcite was 

introduced as thin veinlets filling the fractures formed 

by the post-sulfide deformation. Development of the 

sparse oxidation products represents the final event 

related to the mineralization of the area. 

.io'ne conclusions can be drawn an to  the age of 

the3e deposits. They are younger than all of the intru

sive rocks, since all of them are mineralized. The K-A.r 

date of 60 million years for the granodiorite (Oreasey and 

Kistler, 1963, p. 1) provides an older limit for the 

mineralization. Mauger (1964, p. 1) dated biotlte from 

mineralize- veins in the Esperanza Pit at 60.3+ 2 million 

years. He states that though this date is slightly 

older than the granodiorite, it falls within the limits 

of experimental error and that field and petrologic evi

dence show that mineralization followed granodiorite 

emplacement. This study confirms Mauger's findings. 

Furthermore, the close relationship in time of the grano

diorite and the mineralization strongly suggests a genetic 

tie between the two. 
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High-grade Base Metal Deposits 

To separate the :ilp;h-grade base metal deposits 

from the gold-silver deposits is somewhat arbitrary in 

that in most cases, all of the metals are found in all 

of the deposits. For purposes of discussion, the deposits 

have been classified on the basis of the metals which are 

most abundant. 

Though there are innumerable small workings in 

the iierritas, only a few have been developed sufficiently 

to have had oro s-rlt>ped from them. Five separate deposits 

will be considered here. These deposits differ in detail, 

but all belong to a group which is characterized by high 

values in lead and lesser, but usually significant, values 

in copper and zinc. \s a rule, some values in silver are 

associated with the lead. 

In gathering the information on both this section 

and the section devoted to gold-silver deposits, the 

writer is indebted to Messrs. Dudley Pox and Chad McGee, 

both of the N!cGee settlement, who orovlded a wealth of 

information on the extent of many of the underground work

ings which are now inaccessible. In addition, they were 

able to provide data on ore grade and shipping records 

which would have been otherwise unavailable. 



The five occurrences to be described are the 

Bills Hole deposit at Placer Plat, the Leadville deposit 

on the southern slope of Placer Peak, two lead-copper-

silver occureences on Keystone Peak and the Washington 

deposit, located on the 3ierrita pediment in the south

west quarter of Section 6. The reader should refer to 

Figure 8 for the detailed geology and precise location 

of these occurrences. 

The Bills Hole deposit consists of a quartz vein 

ranging from six inches to four feet in width. It 

strikes N2"5°E and dips 77 W. The vein occurs in a light 

gray flow-banded rhyolite. In addition to the main vein, 

numerous small (one-half to two inch wide) quartz veins 

of similar attitude occur in the immediate area. 

The only sulfide minerals recognized were galena, 
S 

ch^lcopyrite and minor amounts of pyrite. oilver values 

apparently are tied up in the galena. These minerals 

occur as isolated oi-ios and fracture fillings within the 

quartz veins. Moderate shattering of the veins and small 

displacements alonp- some of the sulfide veinlets Indicates 

that a certain amount of post-ore jvc.'-ut, has occurred. 

Little in the way of alteration was observed, 

quartz veins exhibit shart) contacts with the wallrock 

although in some places a one-fourth to one-half inch 

zone of ground up rhyolite was noted between the vein and 
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the rhyolite. It is not clear, however, whether this was 

produced in response to the emplacement of the quartz 

veins or as a result of the post-ore movement mentioned 

above. Bpidote, occurring as very fine-grained clots, 

and small amounts of chlorite were noted in the vicinity 

of the quartz veins. 

Development of the Bills Hole deposit consists 

of a 60-foot tunnel which is now inaccessible. The vein 

was followed into the side of the hill until decreasing 

metal values forced abandonment of the effort. No 

efforts to follow the vein downward were made. Surface 

mapping in the area shows that the main vein narrows from 

its maximum width of about four feet to a width of less 

than a foot about 150 feet northeast of the portal. 

Beyond that point, the vein structure becomes indistin

guishable from other narrow veinlets in the area. No 

sulfide minerals were recognized outside of the main vein. 

A small tonnage of high-grade ore was shipped 

from the Bills Hole area during the late 1940*s. Total 

assay value of the selected ore was reputed to be about 

4400 per ton. 

The Leadvllle deposit is a lead-copper concentra

tion about one-third of the way up the southern slope of 

Placer Peak in the southeastern quarter of Section 10, 

The deposit consists of a northeast-trending shear zone 
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cutting a massive dark gray andeslte porphyry. The zone 

is about five to ten feet wide in the area of the Lead-

ville development, narrowing to about one foot along the 

strike of the nearly vertical structure. 

A stockwork of thin sulfide-bearing quartz veins 

has been emplaced along the shear zone. In addition to 

the quartz veins, the shear zone is marked by the devel

opment of epidote and fine-grained sericite. The quartz 

veins are intimately intertwined, but generally have the 

same trend as the shear zone. The epidote and sericite, 

along with ;-round-up feldspars from the country rock, 

fill the spaces between the quartz veins. 

Julfide minerals present include galena, chalco-

pyrite, D.yrite and small amounts of bornite. They occur 

as stringers and blebs in the quartz veins. In some 

instances, the stockwork is composed wholly of sulfides, 

with no quartz gangue. parageneticallyr the sulfides 

appear to be in large part contemporaneous, one with the 

other, though pyrite deposition apparently began somewhat 

later. One instance of a veinlet of galena cutting a 

pyrite-chalcopyrite vein was seen. In this deposit, as 

in the others discussed in this section, the sulfide miner

als do not exhibit good crystal outlines, but occur rather 

as massive vein fillings. 
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Weathering and oxidation of the sulfides have 

resulted in the development of some azurite and malachite 

as coating along some of the quartz veins. Llmonite 

staining is developed to a moderate degree along the 

shear zone, but neither limonite nor the copper minerals 

were recognized outside of the shear zone. In all proba

bility, some cerussite was present in the surface outcrops, 

but development of the structure has destroyed so rauch 

of the original surface expression of the deposit that no 

products of lead oxidation were noted. Thin deposit 

differs from the other discussed in this section in that 

no silver values are associated with the galena. 

Development of the Leadville locality consists 

of a tunnel which penetrates about 400 feet along the 

strike of the structure. The workings, which are now 

caved about 100 feet from the portal, were dug in the 

late 1940's. 

Keystone Peak represents a main center of miner

alization, both for base metal and precious metal deposits. 

Two separate lead-silver concentrations occur on Keystone 

Peak. They are distinguished from those previously 

discussed in this section primarily by the fact that they 

contain values only in lead and silver and the only abun

dant sulfide mineral recognized wa3 galena. Silver occurs 

in the galena, most probably as argentlte. 
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The two Keystone Peak occurrences are both small 

and have not had any ore shipped from them. For this 

reason, as well as the fact that the occurrences are vir

tually identical, they will be discussed together, distin

guished, where necessary, as the northern or southern 

occurrence. 

Quartz veins, trending N50°- 70°3, cut rhyolitic 

welded tuffs just north of the top of Keystone Peak. The 

veins range in width from on to three feet and dip about 

75° to the south. The quartz is milky white and massive. 

The southern occurrence is characterized by a pinching 

and swelling structure. It is in one of the wider 

portions, measuring about 10 feet wide and 30 feet long, 

in which galena was sufficiently abundant to encourage 

development. The northern occurrence consists of a two 

to four-foot vein which pinches out very abruptly about 

55 feet from the portal. 

Galena is by far the dominant sulfide constituent. 

It occurs as veinlets , stringers and blebs with the quartz, 

iiraall offsets along some of these veinlets point to some 

post-ore movement. A small amount of pyrite and chalco-

pyrite and what may have been a few specks of sphalerite(?) 

were observed. These sulfides, however, do not constitute 

more than two to three precent of the total volume of 

sulfides. 



•Yside from the quartz gan^ue, the only other non-

•v ' i  r i  o mineral of any consequence is calcite which occurs 

as narrow veins which cut both quartz and sulfides. The 

calcite vein3 represent a final phase of the mineraliza

tion pulse. The fact that these on leito veins di:*-

jlp.cnd by the small faults mentioned earlier indicates 

that calcite introduction preceded post-ore movement 

and is in all probability genetically related to the 

Quartz-sulfide phase. 

Development of the Keystone Peak occurrences has 

been minor. The southern pod-like deposit was opened up 

with a "glory hole" about 30 feet across and 10 to 13 

feet deep. No ore was shipped. The northern occurrence 

was opened up with a 60-foot tu .v- i .  • ;  ^ on  the  vein. The 

tunnel was abandoned when the vein pinched out. The 

development work on both  of  these  deposits was done  in  

1950-52 by members of the HcGee community. 

The Washington mine is located in tfte sout.awest 

quarter of Section 6, T135» 1*122. This deposit lies 

near the low-grade copper-molybdenum deposit described 

earlier, but is more nearly related, geologically, to the 

high-grade base metal deposits in the Keystone-Placer 

Peak area. 
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The Washington deposit is distinguished from the 

other deposits described in this section by the presence • 

of significant amounts of sphalerite in the bottom l e v / e l  

of the mine. Argentiferous galena, chalcopyrite, galena 

and pyrite occur with the sr "••"it" in the deposit. The 

sulfides occur as veinlets and . 11 masses in a shattered 

zone in the biotite quartz monzonite. On the surface, 

the shattered zone is marked by the development of limon-

ite over an area measuring about 200 by 600 feet (figure 

27). Within this zone, the limonlte-stalning Is strong

est in the center and decreases outward. The elongate 

nature of the mineralized zone points to localization 

along a fault zone. The N70°>.r trend of the zone parallels 

that of the 3ierrita fault described above. 

The sulfides occur as discrete grains and small 

massive replacements in a gangue consisting of quartz, 

sericito, epidote and chlorite. Alteration has proceeded 

outward from fractures produced by the shattering. 

Quartz introduction both preceded and accompanied sulfide 

introduction, since nunrt,?, Is present as a fine-grained 

phase associated with serlcite development and so as na 

narrow veins -•*onter:** r>.*. e o.; - with sulfide emplacement. 

The Washingto-n deposit has been opened by a 100-

foot shaft off of which two drifts were driven. Both 

drifts were driven to the west-northwest, one at the 
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40-foot level and the other at the 100-foot level. Bach 

followed a shear zone marked by quartz velning and sul

fide introduction. It is on the lower of these drifts 

that sphalerite occurs with the other sulfides. According 

to Chad McGee, the mine was abandoned because of decreas

ing metal values. Early work was done in the 1930's 

and the latest work in 1951. No information wa3 avail

able on the grade of the ore or the tonnage which was 

shipped from the mine. 

With the exception of the Washington mine, all 

of the deposits described occur in volcanics. Further

more, they are all cr.--rocter! by limited extent, high 

grade and simple mineralogy, both of sulfide and gangue 

minerals. Taken together, the bulk of the -e'-'l-enc- points 

to an upper mesothermal classification. The Washington 

mine, though more nearly associated with the Keystone-

Placer Peak concentrations, may represent a transition 

between those deposits and the "porphyry-type" low-grade 

copper-molybdenum deposits to the east. The alteration 

phase, more completely developed at the Washington, 

is not unlike that found farther east. 

Uranium Occurrences 

The Diamond Head-Escondldo prospect is located 

in Section 34, T17o, R11E. It is one of many such pros

pects located and investigated in the mid-19501s 
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throughout southern Arizona. The only other uranium 

occurrence known in the Sierritas is the Black Dyke 

porspect on the northwest flank of the range. In the 

discussion of the Diamond Head Area, the writer has drawn 

on the work of Miller and Robinson (1955) and Bissett 

(1958) for information of the radioactive aspects of the 

prospects and also for the detailed map of the Diamond 

Head adit which is now folded and inaccessible. 

The prospect is located in the alasklte near the 

contact with the coarse-grained leucogranite (figure 9). 

shearing has been intense in the area and even the detailed 

map included here has been generalized to some extent. 

Northeasterly trends predominate, but numerous basic 

dikes in the area delineate a subordinate northwesterly 

trend. The majority of the faults and shears have steer? 

dips, either north or south, the two attitudes being nearly 

equally represented. The shattering Indicated by the 

faults and shears dies out to what can be considered a 

"background" level of breaking in all directions from 

the prospect over a distance of a half to three-quarters 

of a mile. 

Iron staining, in the form of goethite and minor 

hematite, is present over much of the area. The hematite 

occurrences are confined to fault planes. Kaolinite, 

formed through the breakdown of potasslc feldspars in the 
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alasklte, Is fairly widespread, being most intense in 

areas where the shattering is most prominent. 

Uranium mineralization is indicated by the pres

ence, over an area of perhaps one-half square mile, of 

abnormally high radioactivity. In particular, many of 

the hematite-coated fractures give strong radioactive 

responses (Bissett, 1958, p. 68). Mapping of the Diamond 

Head adit (Miller and Robinson, 1955) indicated narrow 

brecclated zones which were highly radioactive. Pitch

blende occurs as thin stringers and veinlets In the 

brecclated material and along many of the 3hear zones. 

Associated with the pitchblende in the breccia 

zones are small amounts of pyrlte, chalcopyrite and a few 

grains of chalcocite. The pyrite and chalcopyrite occur 

as replacements in the breccia zones. Chalcocite occurs 

replacing chalcopyrite, but in comparison to the other 

sulfides, it is a very minor constituent. 

The only gangue mineral of any consequence is 

quartz, although calcite, which may be later occurs in 

small amounts in the veins. Feldspar and quartz which 

have been shattered by the brecclatlon and represent the 

wallrock: are also present in the veins. 

The paragenetic sequenco of t'je -.m^ue and sul

fide minerals is somewhat tentative due to the lack of 
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material available for study. The mineralization phase 

was initiated by the introduction of quartz into the 

breccia zones. This was followed and, in part, accom

panied by introduction of pyrite and chalcopyrite. 

Pitchblende followed the cupriferous minerals, filling 

fractures. The final steps in the sequence were later 

introduction of calcite, although there is no indication 

of a time lapse between the introduction of pitchblende 

and calcite, and the formation of the minor amounts of 

chalcoclte present Figure 14 shows a schematic rep

resentation of the paragenesis as described above. 

Quartz 

pyrite 

chalcopyrite 

pitchblende _ 

chalcoclte ? ? 

calcite 

Figure 14. Parap;enesis of vein 
minerals - Diamond Head prospect. 

The Escondido shaft located about 1,000 feet south 

of the Diamond Head workings, does not add information 

about the uranium occurrence In the area. It appears to 

be somewhat removed from the center of the most intense 

mineralization, although the fracturing of the country 
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rock is Just as Intense as it is farther north. Radio

active anomalies are confined to hematite-stained fault 

planes (Bissett, 1953# p. 70) and no pitchblende couid 

be found on the dump. Pyrlte and chalcopyrlte, occurring 

both as small disseminated grains and as narrow veinlets 

with quartz, are present, but to a lesser degree than at 

Diamond Head. 

Bissett (1958, p. 73) suggests the possibility 

that widespread leaching of both copper and uranium may 

have occurred, impoverishing the accessible exposures in 

these metals. He points out that the high pyrite-chalco-

pyrite ratio would result in a highly acid and very 

effective leading solution. While the possibility that 

substantial abounts of uranium may have been carried 

downward by leaching solutions, the same probably cannot 

be said for copper. The widespread formation of goethite 

rather than hematite from the breakdown of iron sulfides 

indicates that the original copper content was low. 

Further, the restriction of hematite to fracture surfaces 

points to a similar restriction on the occurrence of 

copper-bearing sulfides. 

In attempting to determine the age of the miner

alization at the Diamond Head-Escondido prospect, several 

helps are available. The basic dikes mentioned previously 
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are unminerallzed and clearly post-ore. They are very 

probably of the same age as other dikes, both basic and 

acidic, which are scattered throughout the range. These 

dikes are probably correlative with andesite dikes from 

the Esperanza area which have been dated as Miocene(?), 

based on a K-Ar age of 24 million years (Oreasey and 

Kistler, 1963, p. D3). 

Mapping in the Diamond Head adit (Miller and 

Robinson, 1955» and Bissett, 1958, p. 68) Indicates right 

lateral movement along the main northeast-trending shear 

zone which has displaced the mineralized breccia. The 

northeasterly shear was probably formed in response to 

the same forces which produced major faults such as the 

Cowboy wash fault and the Ash Greek fault. These struct

ures have been shown to be probably early Tertiary(?), 

and post-alaskite, in age. Since the alaskite is most 

probably early Tertiary, the Diamond Head mineralization 

probably occurred in Tertiary time shortly after the 

major tectonic disturbance marking the Cretaceous-Ter

tiary boundary. 

Gold-3ilver Deposits 

Concentrations of precious metals are confined 

in their occurrence to the higher reaches of the Sierri-

tas. One group of deposits is clustered around the top 
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of Keystone Peak In the same area as the lead-silver 

deposits described earlier. The other deposits occur at 

the corners of a triangle about 2,000 feet on a side. In 

many respects, the gold-silver deposits are not unlike 

the high-grade base metal deposits and may represent 

products of the same sulfide pulse. The primary differ

ence in the deposits is in the metals occurring in them, 

the base metal deposits containing predominantly lead, 

with lesser amounts of silver, copper and zinc and the 

precious metal deposits being composed almost wholly of 

gold and silver. 

dix different veins have been worked for the 

gold-silver values. They are the Boydeaux, Black, Pine 

Tree, Placer Plat, East 3tar and West Star. The first 

three occur on Keystone Peak, the others about 2,000 

to 3,000 feet to the northeast. The deposits are all. 

very much alike and differ only in details of geologic 

occurrence and the amount of development work done in 

each. For this reason, a generalized description of 

the occurrences will be given and the individual deposits 

will be discussed only Insofar as they differ from the 

general pattern. In addition, development work and 

production information, where available, will be given 

for each deposit. The reader is referred to figure 8 as 

a guide for the subsequent discussion. 
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All of the precious metal deposits occur In 

volcanic rocks and consist of milky to glassy quartz 

veins carrying native gold and silver as argentite or 

native silver. Mineralization of the veins deos not 

extend to any great depth, nor does it appear to continue 

laterally more than a few hundred feet along the strike 

of the veins. These deposits represent fairly typical 

examples of epithermal "bonanza-type" gold-silver concen

trations . 

The metal-bearing veins strike either N60°- 70°W 

o O 
or N50 -60 E. These directions correspond reasonably 

well with the trend of the late Oretaceous (northwest) 

and early Tertiary (northeast) structural deformations 

and the veins were, in all likelihood, emplaced along 

structures formed in response to those forces. The 

veins are limited along strike and are often found to 

pinch out abruptly. Whether the veins extend in depth 

is not known, but it is known that the mineralization is 

limited to a zone within about 200 feet or the surface. 

The metals occur as streaks and blebs within the quartz. 

Native gold and argentite are the predominant ore minerals 

although a certain amount of native silver has been 

reported. It is possible that the native silver is 

secondary, but considering the scarcity of evidence point

ing to any significant amount of oxidation, it is more 
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likely that the native silver Is primary. Base metals 

are quite rare in these veins, but small amounts of cop

per, lead and zinc have been found. The presence of the 

base metals, however small in amount, serves to bridge 

the gap between the precious metal deposits and the 

hi^h-;*rade base metal deposits. 

A. considerable amount of work has been done on th 

the Boydeaux vein. The vein is very rigidly oontrolled 

by the structural framework, trending first northeast, 

then northwest and finally northeast a^ain. The vein 

dips steeply to the south and has been developed by a 

50-foot vertical shaft and a tunnel which extends about 

300 to 325 feet from the portal, following the vein. The 

shaft was part of an early phase (1923-25) of development 

of the vein and is now caved. The tunnel, worked inter

mittently from 1936 to 1951, intersects the shaft 90 

feet from the portal and Is accessible back to the 

shaft. ohearing and alteration have occurred along the 

vein. Clay, epidote and some serlclte have been devel

oped. These minerals are restricted to the shear zone. 

The metal-bearing quartz veins range up to six inches in 

width and form a stockwork along the shear zone. The 

mineralized structure which was developed was followed 

until it was faulted away. 
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The Black tunnel (figure 29) was driven alon : a 

narrow east-northeast-trending shear zone zarked by 

moderate to heavy hematite staining of the quartz. 

Development Includes the main tunnel about 100 feet long 

and an Inclined shaft which connects with the end of the 

tunnel. Production has amounted to about 75 tons of 

hip;h-grade gold-silver ore reported to assay in the range 

of )50 per ton. The ore was handled in a small (10 ton 

per day capacity) mill located near the windmill in 

•Section 7» just west of Esperanza Wash. The development 

was carried on intermittently from 1935 to 1950. 

The Pine Tree vein is a massive four foot quartz 
O 

vein trending N68 S. It carried good values in gold and 

silver and small amounts of lead. The ore assayed '430 

per ton, but was quite limited in extent. The vein was 

developed by a 70-foot shaft with a drift on the vein at 

the 20 foot level. The drift followed the vein for 50 

feet before it was cut off by a fault. 

The Placer Flat vein (figure 30) is northwest-

trending structure which is cut off to the west by a 

fault. Hematite is developed along the vein and results 

in a very prominent outcrop. Gold, silver and copper 

minerals occur as stringers in the quartz vein. A 75-foot 

tunnel was driven on the vein. Prom the end of the tunnel 

a 50-foot winze was sunk along the dip of the vein (75-35° 
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The East Jtar vein (figure 28) in the southeast 

quarter of Jection 3» on the ridp;e north of Placer Peak. 

The vein occurs in a shear zone about 10 feet thcck and 

parallels the Jierrita fault which passes about 1,000 

feet south of the Sast Jtar locality. A 75-foot shaft 

was sunk on the vein in the hopes of finding hl^h-grade 

pockets of gold. Unfortunately, though the vein was 

mineralized, the ^rade was never sufficient to warrent 

shipping. The last work on the Sast Jtar was in 1950. 

The 'West Jtar vein Is located about one-half 

mile west of the Sast Jtar in the southern part of Section 

3. It is located within the Jierrita fault zone. In the 

vicinity of the West otar, the Jierrita fault is a zone 

of about 50 feet wide marked by heavy mematite and 

ejoethite staining and quartz veinlnp:. The tfest Jtar area 

is a mineralized portion of the Jierrita fault. It 

has been opened up with a short tunnel, but low assays 

have kent the vein from being developed further. 

The discussion of the precious metal occurrences 

has been sketchy, but unfortunately, most of the workings 

are now inaccessible and little first-hand information on 

the mineralization could be gained. However, examination 

of the mineralized areas, combined with Interviews of the 

people who developed them, has provided a workable combin

ation for data collection and Interpretation. 
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Discussion of the Mineralization 

General Remarks 

The foregoing presentation has been largely 

factual, presenting a summary of field and laboratory 

observations with only incidental comments on their 

origin or interpretation. In this section, an attempt 

will be made to bring together in a logical way, the 

various aspects of the igneous petrology and petrogenesis, 

structural setting and geologic history as they relate to 

mineralization in order to present a unified picture of 

the influence the various factors have exerted on each 

other 

Metasomatism and Mineralization 

A. discussion of the metasomatic processes active 

in the Sierrlta area is very difficult to separate from 

a discussion of the ore mineralization phase because the 

two are so closely related. Indeed the sequence is 

virtually a continuous one, beginning with formation of 

metasomatic biotite, quartz and orthoclase, oassing 

through a phase of minor sericite development and quartz-

sulflde introduction and culminating in the development 

of calcite veins. 
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The metasomatlc phase actually Involves two 

distinct, but related effects, the recrystalllzatlon of 

existing minerals and the introduction of fluids which 

formed new minerals. These activities are rigidly 

restricted in their occurrence to the eastern part of 

the map area — that area which subsequently became the 

site of porphyry copper-type copper-molybdenum deposits. 

Rocks affected by the metasomatlc phase are diorlte, 

quartz monzonite and, to a lesser extent, granodiorite. 

As will be shown later, the restriction of metasomatlc 

and hydrothermal effects to this area is largely struct

ural in nature. 

Recrystalllzatlon is most evident in the diorlte 

whose constituents were in the most metastable condition. 

That is, they were farther out of equilibrium with their 

surroundings than were the more felsic rocks. The diorlte 

contains two mafics, hornblende and biotite. Three types 

of biotite, not always distinguishable, are present. 

These are (1) primary biotite formed during initial 

crystallization of the rock, (2) biotite formed as a 

pseudomorphic product after hornblende and (3) secon

dary blotlte formed through the introduction of magnesia 

to the system. In all probability, the last two types 

of blotlte were formed at nearly the same time, although 

the pseudomorphic biotite may be somewhat earlier. The 
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metasomatic blotite is usually recognizable by its fresh

ness. Primary biotite usually is more or less altered to 

green chlorite. Pseudoraorphic blotite is the most diffi

cult to recognize. In a few cases, crystal outlines of 

hornblende are still recognizable. Alteration to chlorite 

has affected the pseudomorphic variety, but usually to a 

lesser degree than the primary variety. A suggested 

sequence for the diorite involves Initial crystallization 

of the rock with both hornblende and blotlte present as 

primary mafic constituents. Later, changed thermal con

ditions brought about the recrystallization of primary 

hornblende to biotite as well as the formation of secondary 

biotite. Recrystallization probably began prior to 

secondary biotite formation and continued with it. In 

the quartz monzonite and granodlotfite, magnesium intro

duction is evidenced by the presence of shiny black, fresh 

biotite crystals in the same specimen with highly chlor-

itlzed primary biotite. Because of the lighter color of 

the felsic rocks, secondary biotite is much more apparent 

than it is In the diorite. 

Silica-potassium metasomatism is evidenced by 

the existence of quartz, quartz-orthoclase and orthoclase 

veins cutting the rocks. Some orthoclase overgrowths on 

primary feldspars were noted, but veins and anhedral masses 

of secondary orthoclase are more common. Silica-potassium 
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metasomatism is more prevalent in the quartz monzonite 

and granodiorite and it is likely that at least part of 

the material which went to form the secondzry mineraly 

was derived from the hostrock. Quartz and orthoclase 

both carried on into the mineralization phase, but ortho-

clase-quartz gangue occurs only with molybdenite, an 

early sulfide, suggesting that orthoclase development 

ended before the main stage of sulfide deposition. 

The relationship between magnesia introduction 

and silica-potash introduction is obscure. Development 

of magnesian minerals would be expected to precede 

silica-potash minerals. Although no direct evidence was 

observed there is no reason to suspect that this is not 

the case here. It is postulated then, that magnesia, 

silica, and potash were all carried in a hot aqueous 

solution which was introduced into the rocks along pre

existing fault structures, most probably the northeasterly-

trending structures because of their greater development 

and younger age. Reaction between the solution ^nd the 

rocks resulted in a somewhat selective mobilization of 

primary magnesium in the diorite and primary silica and 

potash in the more acidic rocks. The mobilization and 

recrystallization were accompanied by systematic and 

sequential impoverishment within the aqueous system, flrgt 

of magnesium and then of potash. 
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Development of hydrothermal sericite in modest 

quantities accompanied the later stages of secondary 

orthoclase and quartz introduction. Jericite is not pres

ent in any great abundance and represents a minor part 

of the metasoraatic-hydrothermal assemblage. It occurs as 

thin selvages along quartz and quartz-sulfide veins. No 

direct examples of the relations between sericite and 

molybdenite, an early sulfide, were observed, but it is 

likely that sericite development ended either prior to 

or Just after orthoclase development ended. It is signif

icant, however, that hydrothermal sericite is present 

only in the areas of greatest shearing, and at least 

in part the most intense mineralization. 

Epidote occurs in the main mineralized zone as 

isolated, sparse euhedral crystals. On the fringes of 

the mineralized area, however, epidote occurrence is 

fairly widespread particularly south and southwest of 

the diorite. It occurs as coatings on fractures and as 

thin veinlets. It is pre-ore and probably pre-sericite. 

Quartz veins carying pyrite and occasional grains of 

chalcopyrite cut epidote veins along the northwest side 

of Quartz Hill. 

The metasomatic phase co-existed with the sulfide 

phase for a short interval when orthoclase and molybdenite, 

along with quartz, were all being deposited simultaneously. 
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By the time pyrite-chalcopyrlte deposition had begun, 

development of metasomatlc orthoclase had come to a halt, 

leaving quartz as the predominant gangue mineral. Quartz 

finally dropped out of the picture too, and pyrite and 

chalcopyrite were the only minerals being deposited. 

Figure 15 represents the paragenesis of the minerals 

related in one way or another to the mineralization in 

the Esperanza Wash area. 

Hypogene oupergene 

biotlte • 

quartz 

orthoclase 

epidote 

serlcite ? 

molybdenite ? 

chalcopyrite 

pyrite 

calcite 

chalcoclte 

malaconite 

malachite 

azurite 

forrimolybdite 

Figure 15» Paragenesis of minerals from the 
Esperanza ',\rash deposit. 
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A general zoning pattern of hydrothermal minerals 

exists in the Esperanza Wash area. For the most part, it 

is rather crudely-developed and in sone areas 3eem3 not 

to be developed at all. The zoning pattern is largely 

controlled by the Oowboy Wash fault zone. An outer halo 

of weak epidotization is present south and southwest of 

the main mineralized zone. It extends southward for 

about one-half mile in the quartz monzonite with gradu-

ually decreasing intensity. A few thin epidote veinlets 

occur in the volcanics but, although they are a part of 

the epidotization, its intensity is so greatly decreased . 

that it is not recognizable. Along the trend of the 

Oowboy Wash fault zone, epidote is present at least as 

far as the northwest corner of Section 6, a distance of 

about a mile from the center of mineralization. Along 

this trend, however, the lateral development of epidote 

is quite restricted, rarely seen more than 500 feet on 

either sied of the fault zone. 

Quartz velning is present over an area of about 

one-half of a square mile, centered around the mineralized 

zone in the diorite. Its occurrence approximates quite 

closely the area in which secondary orthoclase and biotite 

are present. These three metasomatlc minerals, like the 
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sulfides, are restricted to the area of intersection of 

the Cowboy Wash and Sierrlta structural trends. 

A.n inner, higher intensity zone is characterized 

by sericite development. Sericite is restricted to the 

immediate area occupied by the main mineralized zone. A 

prong of sericitic alteration extends out from the main 

zone and follows the Cowboy Wash structure. This zone 

is confined to the fault zone itself and rarely exceeds 

200 feet in width. It is of Interest that along the 

Cowboy Wash structure away from its intersection with the 

oierrlta structure, mineralization is almost wholly 

pyritic. In addition, the total sulfide content is 

quite low, less than half that in the main zone. 

Structural Environment Related to Mineralization 

The Esperanza Wash deposit provides an excellent 

example of structural control of mineralization. The 

main zone of shattering, alteration and mineralization 

lies at the Intersection of the northeasterly-trending 

Cowboy Wash fault zone and the nortlwesterly-trending 

oierrita fault zone. Though the Jierrita structure can

not be traced as a discrete raappable entity into the 

Esperanza Wash area, numerous small parallel structures 

can be seen in the field. In the area of the intersection 

between the oierrlta structure and the Duval fault, which 
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parallels the Cowboy Wash fault, provides a regional 

control for the E9peranza deposit. Lynch '1965, in prepar

ation) mentions the strong northwesterly orientation of 

the 3speranza orebody — an orientation which coincides 

with the Sierrita fault zone. 

On a local basis, mineralization occurs along 

fractures and in veins of all trends. There is a separa

tion of the sulfide minerals, which is by no means complete, 

based on rock type. The better-grade molybdenite seams 

occur predominantly in the quartz monzonite and grano-

diorite, while copper mineralization is more highly 

developed in the sulfide. Undoubtedly, this is a function 

of the pre-sulfide preparation of the ground which, in 

turn, developed the pattern of biotite-orthoclase-quartz 

partly as a result of reaction with the wallrock. 

Genesis of the Mineralization 

A. discussion of the genesis of the Ssperanza wash 

deposit has to Include such things as the relationship 

of the ore-forming solution to magmatism, depth of burial 

at the time of ore formation and the physlco-chemical 

environment of deposition. On each of these points, 

greater or lesser amounts of information are available. 

A. good deal of the discussion will necessarily be of a 

speculative nature. 
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That all of the major intrusives had been eroplaced 

before ore deposition has been pointed out. Gooper (1960, 

p. 74) indicates that the quartz monzonlte porphyry found 

in and around the Esperanza Pit may be genetically related 

to the Esperanza mineralization. This rock is not found 

in the area of the present study. However, Oooper points 

out that the porphyry apparently intrudes the granodiorite 

which means that the raagmatic episode did not culminate 

with the granodlorlte. In fact, the presence of numer

ous post-ore dikes suggests that molten magma was still 

available in the area following emplacement of the ore. 

It was postulated above that the Intrusive episode 

actually represents quartz monzonlte porphyry with the 

rest of the intrusive suite does not strain credulity 

from the standpoints of time, location, and differentia

tion. Thus it is possible to at least suggest a rela

tionship between the intrusives and ore deposition since, 

in all probability, the copper-molybdenum mineralization 

represented by Duval's Esperanza deposit as well as those 

discussed in this study have a common origin. 

Unfortunately, the nature of the tie between magma 

and ore is, predictably, obscure. The metasomatic minerals 

are typical of pegmatltlc assemblages which form late in 

the sequence of differentiation. The sulfide bearing 

aqueous solutions also would be late-formers. That 



mineralization is a late-stage phenomenon can be shown 

with reasonable certainty. Its exact relationship to 

the stages of differentiation remain unknown. 

oome evidence has been given to indicate that 

the intrusives were emplaced at a depth of at least 

10,000 feet and were overlain by relatively impervious 

volcanics. That mineralization was accomplished under 

similar conditions seems likely. The mineralogy and 

character of the deposit, is typically mesothermal. 

The presence of a volcanic capping during ore formation 

Is not at all uncommon in porphyry copper deposits and 

suggests that there may be a relationship between the 

two. It is possible that the volcanics act as a barrier 

to the upward movement of solutions, forcing them outward 

with localization occurring in structurally-controlled 

zones of shattering. 



GEOLOGIC HISTORY 

Introductory Comments 

The geologic history of tne Sierrlta Mountains 

is marked by periods of great activity separated by 

intervals of relative quiescence. A.s would be expected, 

the periods of activity are short, relative to the 

quiescent periods. 

The geology of southern Arizona has been studied 

in considerable detail for many years, spurred on by 

the tremendous mineral wealth contained within the 

region. Yet it is only in relatively recent years, and 

especially with the aid of radiometric age-dating tech

niques, that the complexities of the regional geologic 

patterns are being unraveled. The specific events of 

geologic significance in the Slerrita area and their 

relationship to known and inferred regional geologic 

patterns form the basis for this section. 

Geologic History of the Eastern Slerrita Mountains 

Pre-Cretaceous(?) Interval 

Events which occurred prior to the extrusion and 

deposition of the Oxframe volcanics are obscure in the 

U-7 
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eastern Sierrlta area. What information is available is 

largely inferential and gained through extrapolation from 

other areas. 

Granitic boulders found in the basal portion of 

the Silver Bell Formation represent intrusives not pres

ently exposed in the area mapped. Thorns (personal 

communication), who reports similar occurrences in the 

Silver Bell Formation in the western 3ierritas, indicates 

that the boulders were probably derived from pre-volcanic 

intrusvies exposed in that area. Thorns further indicates 

that these Intrusives cut Paleozoic sediments. Damon 

(1964, p. 15) mentions the existence of some evidence 

pointing to a Nevadan event in southern Arizona. K-Ar 

dates which correspond to the commonly accepted age of 

the Nevadan orogenic period have been reported for the 

Juniper Flat Granite in the Bisbee district (Creasey 

and Kistler, 1963, p. D1) and the Catalina-Rlncon Gneiss 

near Tucson (Livingston and Damon, 1963). It is possible 

that the post-Paleozoic, pre-Cretaceous( ?.) intrusive 

reported by Thorns may represent another occurrence of 

Nevadan age. 

Other than this rather scanty infomation, nothing 

is known of the pre-Cretaceous(?) Interval in the dierrita 

Mountains. By inference from other southern Arizona 

localities, the Precambrlan Era is represented by 
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crystalline rocks and deformed schists. The Paleozoic 

Bra was one of alternating transgressive and regressive 

marine seas in which southern Arizona was either slightly 

positive or negative. 

Lower(?) Cretaceous Interval 

Volcanic activity became prominent in the 

oierrita Mountains in Lower(?) Cretaceous time, with the 

deposition of the Oxframe Formation. Deposition of the 

volcanics was apparently accomplished wholly in a sub-

aerial environment, since there are no indications of 

marine or fresh-water conditions on the volcanic sequence. 

Volcanic activity shows a developmental change with time, 

beginning with explosive eruptions which reached a peak 

about mid-way through the episode, followed by less 

violent extrusive activity. Near the end of volcanism, 

erosion and deposition of predominantly continentlal 

sedimentation is probably the subaerlal equivalent of 

late Lower(?) Oretaceous marine sediments deposited 

further to the southeast. 

A thick redbed sequence overlying the volcanics 

in the western oierritas, but probably eroded away 

further east, probably bridges the time Interval between 

the Lower(?) Cretaceous and Upper(?) Cretaceous epochs. 

A similar depositional sequence in the Tucson Mountains 
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shows this relationship and fossils of Albian (late Lower 

Cretaceous) age have been identified from the lower part 

of the Bagby Ranch-Molly "lbson sequence in the Patagonia 

Mountains (Baker, 1962, p. 89), which sequence is probably 

equivalent to the sedimentary beds exposed in the western 

Sierritas. 

Upper(?) Cretaceous Interval 

Volcanic activity came to the fore again following 

the sedimentation and erosion of late Lower(?) Cretaceous 

time. The Sliver Bell and younger rhyolite volcanic 

sequences were deposited at this time. The possible 

genetic relations between the two formations have been 

discussed previously and need not be reconsidered here. 

Explosive volcanism, initially andesitlc, but quickly as 

assuming a rhyolitlc nature, dominated Upper(?) Cretaceous 

time. Dating of the Cat Mountain Rhyolite (Bikerman, 

1965, p. 83), a probable equivalent of the younger 

rhyolite, as Maestrlchtian (latest Upper Cretaceous) 

indicates that most, if not all, of the volcanism of this 

episode occurred in pre-Tertiary time. 

A. major period of essentially east-west compression 

followed extrusion of the volcanic sequence. It Is possible 

that deformation began prior to the end of younger rhyo

lite extrusion, since northwesterly-trending structures, 



the main result of this deformatlonal episode, are not 

as well-developed In the younger rhyollte as they are 

in the older volcanics. No other evidence relevant to 

this problem is available, however, and that mentioned 

is not definitive, so the question must, for the present, 

be left unresolved. 

Oompresslonal forces oriented approximately east-

west produced major, high-angle wrench fault structures 
O 

trending about ?T70 The regional direction of move

ment on these faults is left-lateral, although local 

right-lateral movement was observed. The timing of the 

early deformation is fairly straightforward. Deformation 

followed deposition of the younger volcanics and preceded 
4 

the major intrusive episode. Radiometric a?;e dates of 

about 65 million years for the younger rhyolite equi

valent 7, and 60 million years for the equigranular 

granodiorite provide close control of the absolute age 

of the early deformational event. An age of 60 to 65 

million years would place deformation almost exactly on 

the Cretaceous-Tertiary boundary. In all likelihood, 

structures formed at this time were instrumental in 

tapping magmatic sources for the subseauent intruslves. 
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Early Tertiary Interval 

The boundary between the Cretaceous and Tertiary 

periods was one of intense activity throughout much of 

southern Arizona and, indeed, over most of the western 

Cordillera. Damon (1964, p. 15) reports radiometric age 

dates which define the existence of widespread intrusive 

activity whose peak: coincides almost exactly with the 

beginning of the Tertiary period. One of the dates re

ported by Damon is that obtained by Creasey and Kistler 

(1963* p. Dl) for the equigranular granodiorite which 

occurs in the eastern Sierrita area. In this area, the 

emplacement of the granodiorite marks the culmination 

of an intrusive episode in which all of the major intru

sive bodies were emplaced. Though separate in composi

tion and occurrence, all of these rocks were intruded 

in a geologically short span of time. 

The intrusive episode was accompanied by, and 

indeed was likely the cause of, domal uplift of the 

main oierrita mass, centered, probably, in the north-

central part of the range. Doming and Intrusion bowed 

up and forced outward pre-existing volcanic rocks. 

Stresses imposed on the rocks by doming were releived 

by failure along pre-existing northwest-trending faults 

and by development of a crude concentric fracture pat

tern in the pediment adjacent to the mountains. 
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Following the Intrusive episode, but probably 

still in early Tertiary time, the area was fegain sub

jected to east-west compression which resulted in the 

formation of strong N60-80 3 wrench faults. The faults 

are high-angle normal faults characterized by domlnantly 

left-lateral movement. Formation of major northeasterly 

structures was a pre-ore event, but at least some post-

ore movement on the faults is evidenced by offset and 

brecclatlon of sulfide bearing quartz veins. 

Ore deposition occurred subsequent to deformation, 

but prior to the intrusion of a variety of dike rocks, 

all of which are post-ore in age. Mauger (1964, p. 1) 

provides radiometric age dates for micas directly 

associated with mineralization at the Esperanza deposit 

of 60.6+ 2.0 million years and 61.1 hk 2.5 million years. 

Mauger states that, though these dates are slightly 

higher than those obtained for the granodlorlte, they 

fall within the range of experimental error and field 

and petrologic relations indicate that the granodlorlte 

predates mineralization. The present studies have veri

fied this conclusion. The radiometric dates are 

significant however, because they provide not only 

good evidence for an absolute age of mineralization, but 

are also strongly suggestive of a genetic relationship 

between the two. 
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Mineralization was followed by renewed, but 

minor movement along probably all pre-existing structural 

trends. 

Kid-Tertiary Interval 

Damon (1964, p. 15) indicates the existence of 

a major mid-Tertiary period of volcanic and plutonic 

activity. This period is represented in the eastern 

Jlerrlta Mountains only by the emplacement of dike rocks 

of various compositions. No differentiation in age can 

be made between the various types of dikes. Andesite 

dikes similar to those mapped by Cooper (1960, p. 89-90)  

in the Twin Buttes area and dated by Creasey and Kistler 

(1963, p. D1) at 24 million years are scattered over much 

of the area. This age corresponds very well with Damon's 

raid-Tertiary orogeny. 

Erosion probably began following intrusion of 

the plutonic rocks and has continued since that time. 

Thick accumulations of the Helmet fanglomerate east of 

the range are postulated to have a source west of their 

present position (Cooper, 1960, p. 88), probably the 

main oierrita mass. Accumulation of the Helmet occurred 

prior to intrusion of the andesite dikes since the fan-

glomerate is cut by those rocks. Deposition of the 

Helmet fanglomerate may be related to gentle domal 
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uplift of the main Sierrlta mass during mid-Tertiary 

(Ollgocene?) time. Evidence for this latter period of 

doming is drawn from three sources, none of which are 

definitive. Taken together, however, they are highly 

suggestive. First, the accumulation of the Helmet fan-

glomerate indicates a positive area to the west, iieoond, 

the well-developed north photo-structural pattern developed 

in the pediment area is suggestive of a crudely-developed 

concentric structural arrangement which might develop 

around a rising dome. Third, the rather unusual physiog

raphy of the range suggests uplift after pedlmentation 

had begun. The existence of a break in slope at the 

edge of the mountain front, as well as another break in 

slope further east led Tuan (1959) to suggest that the 

present pediment surface may represent an exhumed sub-

alluvial bench. 

Pedlmentation apparently has been a process of 

long duration in the Sierritas. A. remarkably well-

developed pediment exists all around the range, while the 

mountain mass is itself quite low and deeply eroded, 

relative to other ranges in the area. A. similar situa

tion -- a well-developed pediment surrounding a low 

range — exists in the Tortolita Mountains northwest of 

Tucson. Pedlmentation, to have developed as far as it has, 
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must have begun in mid-Tertiary, prior to the later doming, 

and continued essentially uninterrupted to the present. 

Late Tertiary Interval 

Events assignable to the late Tertizry are not 

known in the eastern oierrita Mountains. Pedimentation 

of the area was in progress and the area appears to 

have been one of little activity. Basin and Range-

type block faulting probably occurred during the Miocene-

Pliocene interval, but its locus was far to the east 

of the main range. The Mission copper deposit (figure 

1), lying some 12 miles northeast of the mountain front, 

is west of the basin fault. 

Quaternary Interval 

Formation of the present physiography of the 

eastern Sierrita area was completed during the Quater

nary interval. Erosion of the highlands continued and 

produced Quaternary gravels which fill present drain

ages. These are unconsolidated, ill-sorted alluvial 

deposits whose source is readily traceable upstream. 
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the intrusives which tilted the volcanic sequence and 

produced essentially north-trending faults in the pedi

ment east of the range. 

Mineralization, ranging from extensive porphyry 

copper-type concentrations of copper and molybdenum to 

small high-grade veins containing lead, copper, silver 

and gold, Is present in the district, small uranlferous 

concentrations occur at one locality. Radiometric 

age dating indicates a close correlation between ore 

deposition and intrusion of the equlgranular granodiorlte, 

suggesting a genetic relntionship between the two. 

Structural control of the Esperanza Wash copper-molybdenum 

fioposit is very apparent. Localization has occurred at 

the intersection of major northwesterly and northeasterly 

fault zones. 

The hydrothermal phase of the intrusive activity 

includes metasomatic introduction of blotlte, quartz and 

orthoclase. A crude zonal pattern of sericite and 

epidote is present in the mineralized area. Locally, 

the sulfide.mineralogy is at least in part controlled by 

composition of the wallrock, with molybdenite associated 

with the acidic intrusives and chalcopyrite-pyrite with 

the more basic diorlte body. 
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The eastern Sierrita Mountains represent a 

structurally complex block marked by a highly complex 

volcanic and intrusive history. Continued study of the 

volcanic sequence may result in a better delineation of 

the relationship of these rocks to those which occur in 

other southern Arizona localities. The Cretaceous-

Tertiary boundary represents a period of n;reat activity, 

both structural and igneous, whose subtle nuances still 

remain to be unraveled. 



Figure 16, Typical outcrop of biotite diorite in 
roadcut in Section 7« 

Figure 17» Oontact between diorite (left) and 
quartz monzonite. Note diorite inclusions near 
hammer. 
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Figure 18. Typical outcrop of weathered coarse 
leucogranite in Section 30. 

Figure 19» View of brecciated quartz monzonite 
on hill in northwest quarter of Section 18. 



Figure 20. Outarop of Silver Bell Formation 
showing large, angular boulders of older (PC?) 
granite. 

Figure 21. Conglomeratic horizon near the base 
the Silver Bell Formation north of Lobo Peak. 
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Figure 22 (above). 
View of Lobo Peak 
looking south. 
Younger rhyolite 
caps hill with 
Silver Bell For
mation beneath. 

Figure 23. View 
of Lobo Peak look
ing west. Silver 
Bell Formation 
exposed on near 
hills and on Lobo 
Peak beneath 
younger rhyolite 
capping. 



Figure 24. Iron-stained quartz vein marking the 
trace of the Sierrita fault in Section 3. Look
ing northwest. 

Figure 25. View of a silicified portion of the 
Cowboy Wash fault zone looking west. Note 
similar outcrops in background. 
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Figure 26. View of the Cowboy Wash fault zone 
taken from saddle north of Horse Pasture Hill, 
looking east. 

Figure 27. View of sheared, altered outcrop at 
the Washington Mine. Note quartz vein near point 
of hammer. 



Figure 28. Highly sheared, altered volcanics 
exposed in "glory hole" of Bast Star Mine. 
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Figure 29. View of the portal of the Black Tunnel, 
Note steep westerly-dipping shearing. 

Figure 30. View of the portal of the Placer Flat 
adit. Note strong vertical shearing and hematite 
staining in the shear zone. 
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Figure 31• Hand specimen of fresh biotite quartz 
monzonite. 

Figure 32, Hand specimen of coarse-grained 
leucogranite. 



Figure 33. Hand specimen of tourmaline granite 

igure 34-. Hand specimen of alaskite granite 
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Figure 35• Photograph of two drill cores showing 
textural variations within biotlte diorite. 

Figure 36. Photograph of drill core showing contact 
between diorite (left) and quartz monzonite. 
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Figure 37. Hand specimen of granodiorite showing 
large zoned feldspar phenocryst near key. 

Figure 38. Hand specimen of rhyolite porphyry 
with prominent quartz phenocrysts. 
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Figure 39. Hand specimen of andesite porphyry 
with numerous white plagioclase phenocrysts. 

Figure 40, Hand specimen of non-porphyritic 
black andesite flow. 



Figure 41. Hand specimen of weathered rhyolite 
flow breccia containing older volcanic fragments. 

Figure 42. Hand specimen of rhyolite flow show
ing well-developed eutaxitic structure. 
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Figure 43. Hand specimen of gray quartzite from 
the upper portion of the Oxframe Formation. 

Figure 44. Hand specimen of very fine-grained 
andesite. 
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Figure 45. Out surface of a hand specimen of 
andesite breccia from Silver Bell Formation. 

Figure 46. Hand specimen of andesite breccia 
containing sub-rounded fragments of rhyolite in 
a dense black matrix. 
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Figure 47. Photomicrograph of quartz nonzonite 
showing mafic clot. Plane polarized light. 20X. 

APR • 65 

Figure 48. Photomicrograph of fresh biotite 
diorite. Grossed nicols. 20X. 
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A P R  •  65 

Figure 49. photomicrograph of coarse-grained 
leucogranite. Crossed nicols. 20X. 

APR • 65 

Figure 50. Photomicrograph of granodiorite show
ing zoned feldspar crystal. Grossed nicols. 20X. 
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APR • 65 

* 
Figure 51• Photomicrograph of alaskite granite. 
Grossed nicols. 20X. 

APR • 65 

Figure 52. Photomicrograph of tourmaline granite. 
Grossed nicols. 20X. 
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Q9 • UdV 

Figure 53- Photomicrograph of quartz vein (left) 
cutting latite dike. Crossed nicols. 20X. 

APR 65 
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Figure 54. Photomicrograph of andesite dike 
Crossed nicols. 20X. 
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APR • 65 

Figure 55. Photomicrograph of andesite porphyry 
flow. Crossed nicols. 20X. 

AP* • 65 

Figure 56. Photomicrograph of rhyolite porphyry 
showing plagioclase and quartz phenocrysts. 
Crossed nicols. 20X. 



221 

APR • 65 

Figure 57. Photomicrograph of eutaxitic structure 
in andesite flow breccia. Crossed nicols. 20X. 

Figure 58. Photomicrograph of andesite flow 
showing well-developed flow banding. Crossed 
nicols. 20X. 
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