
Geology of the Fresnal Peak area,
Baboquivari Mountains, Arizona

Item Type text; Thesis-Reproduction (electronic)

Authors Donald, Peter Gordon, 1934-

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 26/05/2023 10:27:32

Link to Item http://hdl.handle.net/10150/551311

http://hdl.handle.net/10150/551311


GEOLOGY OF THE FEE SNA L PEAK AREA 

BABOQUIVARI MOUNTAINS, ARIZONA

by

P eter G. Donald

A Thesis Submitted to the Faculty of the

DEPARTMENT OF GEOLOGY

In P artia l Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE

In the Graduate College

UNIVERSITY OF ARIZONA

1959



-*•

i  V . 1 : ■-» t vvT...-:

.1

r -  - t  V

'• ■r V  *. T ’" T  -  •* -X  —

•' i * . - - .  - -  .  :  ’* j  1 ‘ v l

I



STATEMENT BY AUTHOR

This thesis has been submitted in partia l fulfillment of requ ire
ments for an advanced degree at the University of Arizona and is  de
posited in the University L ibrary  to be made available to borrow ers 
under ru les of the L ibrary.

Brief quotations from this thesis a re  allowable without special 
perm ission, provided that accurate acknowledgment of source is  made. 
Requests for perm ission for extended quotation from  or reproduction 
of this m anuscript in whole or in p art may be granted by the head of 
the major department or the Dean of the Graduate College when in their 
judgment the proposed use of the m aterial is  in the in te rests  of scholar
ship. In all other instances, however, perm ission must be obtained 
from  the author. . .

SIGNED:

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below

W. C. £ACY Date
P rofessor of Geology



GEOLOGY OF THE FRESNAL PEAK AREA 
BABOQUIVARI MOUNTAINS, ARIZONA

by

P ete r G. Donald

ABSTRACT

The F resnal Peak a rea  is  located on the eastern  slope of the 

Baboquivari Mountains approximately 50 m iles southwest of Tucson.

Granites of undetermined age crop out in the eastern and 

southwestern portions of the area . The eastern granite exposure con

tains numerous pegm atite-aplite segregations and fracture injections. 

Continental type sediments, deposited during late C retaceous-early  

T ertiary  tim es, lie m arginal to igneous bodies and dip at low angle to 

the west. G ranite-sedim entary rock contacts are  marked by shear or 

fault zones striking N 10-40 W and dipping to the southwest.

Structural features are  dominated by a tension joint pattern 

striking N 50-80 W and N 05-25 E. F rac tu res  dip at a  high angle to 

the southwest and east. These are  commonly followed by acid and 

basic dikes of T ertiary  age.

Narrow zones of m ineralization a re  observed at several points 

within the F resnal Peak area . These are  characterized  by high



tem perature replacem ent, extrem e selectivity, and lack of continuity. 

A late magmatic genesis is  suggested.
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INTRODUCTION

Location

The F resnal Peak area  is  located on the eastern  slope of the 

Baboquivari Mountains approximately 50 m iles southwest of Tucson 

and 3 m iles northeast of Baboquivari Peak (PL 4). The map area  ex

tends from C ontreras Canyon on the north to Brown Canyon on the 

south, a distance of some 3. 5 m iles, and from  the Papago Indian R e se r

vation eastward for approximately 4.25 m iles (PL 5).

Method of Investigation

The thesis was completed during the summ er and fall of 1958. 

Seventy days were spent in the field.

Geology was mapped on a  standard U= S. Geological Survey 

15-minute quadrangle sheet enlarged to a scale of 4 inches to 1 mile. 

A erial photographs and resection methods were used in determining 

locations. Structural projections were ca rried  by stereoscopic exam

ination.

A brief reconnaissance study of the Gold Bullion Mine was 

plotted on a quadrangle sheet enlarged to a scale of 1 inch equals 500 

feet. Brunton and tape mapping methods, based on a  scale of 1 inch
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TUCSON

(2 6 6 )

PLATE 4

I ndex  Map of Ar i z o n a  

Showi ng Loca t i on  of 

t he  Fresn a I Pe a k  a r ea



PLATE 5

View of the F resnal Peak area  west from the Tucson-Sasabe 
highway.





4

equals 40 feet, were employed for detailing in specific problem s.

Topography and Drainage

The Baboquivaris extend for approximately 26 m iles north- 

northwest from  a point near the town of Sasabe at the international 

border to San Juan P ass  just south of the Coyote-Quinlan Mountains 

and highway 86.

The eastern  slope of the range is  steep and deeply dissected 

in the vicinity of F resnal Peak. The map a rea  is  characterized  by ex

trem e relief. F resnal Peak at an elevation of approximately 7, 000 

feet r is e s  m ore than 3,000 above inter mountain valleys. The high 

ridges parallel northeast and northwest structu ra l features. Lower 

slopes are  deeply incised by a  drainage pattern  of sim ilar trend and 

are  covered by a thin veneer of alluvium which reflec ts the character 

of underlying bedrock.

Acknowledgments

The w riter is  grateful to Dr. W. C. Lacy, for his many con

structive suggestions and direction of th is thesis. Thanks go also to 

the M illers of Elkhorn Ranch who provided a base of operations within 

the F resnal Peak area.



MAJOR ROCK UNITS

Both sedim entary and igneous rocks a re  observed within the 

F resnal Peak area  (PI. 6). The eastern  one-half of the map is dom

inated by a granitic exposure classified  for the purpose of this paper 

as the Otero granite. A second granite form s the high ridge of F resnal 

Peak in its  southwest corner.

A thick sedim entary section lies to the west of the Otero gran

ite  and is  separated from  both igneous exposures by well-defined fault 

or shear zones. Sedimentary rocks are  tentatively divided into four 

formational units with a combined stratigraphic thickness of over 2, 000 

feet. Sim ilarity to continental type sediments of the Tucson Mountains 

(Bryant, 1952, p. 40-42) suggests late C retaceous-early  T ertiary  dep

osition.

Igneous Rocks

Otero Granite

Exposure of the Otero granite is most pronounced along ridges 

and in arroyos. Much of the granite is deeply weathered.

The granite is characterized by a number of lithologic and 

textural facies ranging from  a fine grain alaskite to silicic or biotite-

5



PLATE 6
RELATIONSHIP OF SEDIMENTARY AND GRANITIC ROCKS

Figure 1. Looking toward F resnal Peak from the northeast co r
ner of the map area. The contact shear zone between 
the Otero granite and Conglomerate I is  shown by 
black line.

Figure 2. F resnal Peak.
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rich  porphyry; Contacts are  extrem ely difficult to trace.

Rock texture is  typically granitic and exhibits numerous zones 

of shear and granulation. Average composition is  60 percent orthoclase 

and perthite, 10 percent plagioclase, 20 percent quartz, and 10 percent 

biotite. Minor amounts of apatite, muscovite, hornblende, tourm aline, 

and opaque m inerals have been identified.

M ineral percentages vary considerably in any one particu lar 

facies. Quartz for example, may range from  a low of 2 percent in 

syenite to 60 percent in pegmatized granite. Several facies contain up 

to 35 percent biotite; alaskite is  leucocratic.

Kaolin, se ric ite , chlorite, and talc are  the common a lte ra 

tion m inerals. Epidote is found as s tringers and as  euhedral c rysta ls  

within m iarolitic or leach cavities.

B iotite-rich  clots a re  observed in a number of granite ex

posures. Clots have an eliptical shape and range from  a fraction of 

an inch to 3 or 4 inches in length. The long dimension frequently p a r

allels northeast and northwest frac tu re  planes.

Clots show a fine-grained hypidiomorphic texture and a re  

composed predominately of biotite and feldspar in ra tio  of approximately 

4 to 1. Sim ilarity of composition to surrounding granite strongly sug

gests the early segregation of m afic-rich  centers or the brecciation 

and assim ilation of a chilled border phase. P ara lle lism  of biotite clots 

and pegm atite dikes and veins may indicate a p rim ary  flow control over
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joint development. Crosscutting relationships indicate that clots de

veloped p rio r to pegmatite intrusion.

The contact-age relationship between the Otero granite and 

m arginal Cretaceous(?) sediments is  masked by a shear zone which 

rep resen ts fault movement of T ertiary  (?) age. The absence of a basal 

conglomerate within m arginal sedim entary beds is  suggestive of post 

sedim entary intrusion. It is  quite possible, however, that under con

ditions of rapid sedimentation such a basal horizon would not de

velop. It is  also conceivable that sediments have undergone consider

able displacement from  their original site  of deposition and have been 

faulted against a pre-C retaceous granite.

Cataclastic Alaskite

The Otero granite is  bordered to the west by a north-south 

zone of sheared alaskite. The rock is composed of approximately 50 

percent orthoclase and perthite, 10 percent oligoclase, 40 percent 

quartz, and a minor percentage of chlorite and opaque m inerals. High 

quartz content may indicate silica enrichment during shear activity.

The alaskite is characterized by extrem e cataclastic granula

tion. L arger quartz grains often show a sutured outline and internal 

granulation.

M arginal conglomerates exhibit shear and brecciation implying 

post sedimentary, late C retaceous(?) movement. T ertiary  (?) dikes



in tersect both rock types establishing an upper age lim it of tectonic 

activity.

F resnal Granite

The F resnal granite r is e s  approximately 3,000 feet above 

basal m em bers of the sedim entary exposure. It is  a corner of a large 

igneous wedge which extends southward to Baboquivari Peak and west

ward into the Papago Indian Reservation (PI. 7). The m ass is  bounded 

to the northwest, northeast, and east by fault contacts.

The F resnal granite is  fairly  uniform in composition and tex

tu re  without the profound variations in lithology or the shear effects 

exhibited by a  number of zones within the Otero granite.

The granite is  of reddish color and is  characterized  by a po r- 

phyritic texture. Petrographic study indicates a composition of 66 p e r

cent orthoclase, 16 percent plagioclase, 12 percent quartz, 6 percent 

chlorite, and less  than 1 percent opaques. Euhedral to subhedral phe- 

nocrysts of red-pink potash feldspar dominate the assem blage. P lagi

oclase is confined to the groundmass and is  commonly dusted by se ric ite .

The lack of an intrusive or nonconformable relationship be

tween the granite and Cretaceous(?) sediments precludes accurate 

dating by field evidence alone.

9



PLATE 7
CONGLOMERATE I

Figure 1. Central p art of the map area  (looking southwest).
Light-colored streaks in the foreground are  felsite 
dikes. The F resnal granite extends from  Fresnal 
Peak at the right m argin of the photograph to a 
northwest fault zone at the base of Baboquivari 
Peak.

Figure 2. Northwest corner of the map area  showing re lief 
and tonal contrast between conglomerate I and 
conglomerate H (looking northwest).
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Sedimentary Rocks

Conglomerate I

A lower conglomeritic formation is  exposed throughout most 

of the western half of the map area  (PL 7). The unit consists p re 

dominantly of interbedded blue-gray to red  conglomerates, lithic sand

stones, and siltstones. These are  composed of volcanic m aterial ranging 

in composition from  rhyolite to andesite. The conglomerates contain 

subrounded pebbles, cobbles, and boulders within a sand m atrix  cement

ed by silica. The larger volcanic fragm ents commonly exhibit internal 

flow and lineation of leucocratic phenocrysts.

The formation contains a number of d iscrete  mudstone lentils 

which a re  traceable for only a short distance in any one particu lar hori

zon. These range in color from  red  to yellow-green and a re  composed 

largely of fine volcanic m aterial. Mudstones commonly exhibit deep 

cavities which rep resen t the leaching out of calcite nodules. Minor 

limestone, quartzite, and graywacke facies have been observed.

The lower formation has been deeply eroded throughout the 

F resnal Peak area  and is  in general covered by a  thin alluvial cover. 

Well-defined bedding surfaces a re  essentially nonexistent with the r e 

sult that attitude is  difficult to ascerta in  in any one particu lar locality. 

The unit s trikes approximately N 05-20 W and dips 20 to 40 degrees to 

the west. Thickness ranges from  1,300 to 1,400 feet..
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Conglomerate II

The lower formation is  overlain by a thick sequence of red  

conglomerate which form s the high ridge m ass in the northwest co r

ner of the map (PI. 7). A sm aller but equally prominent exposure 

crops out along the w estern boundary of the area  several hundred yards 

to the north of the F resnal granite (PL 6).

The conglomerate is  of sim ilar composition and texture to 

those of the lower formation but of a  darker color. Its prominent out

crop reflects the high ratio  of pebble conglomerate to interbedded sand

stone and siltstone facies which have been less  resis tan t to weathering. 

Bedding strikes approximately N 15-20 W and dips 25-30 to the west. 

The formation is  approximately 800 feet thick.

Arkose •

The F resnal granite is  bounded to the east by a  downfaulted 

wedge or arkosic beds which strike N 20 W and dip at 45 degrees to 

the southwest (PL 6). Colors range from  pink to brown-red. S trati

graphic thickness is in the order of 280 feet.

The formation is composed of poorly sorted, angular rock 

fragm ents of the F resnal granite within a fine grain, feldspathic-rich 

m atrix cemented by silica. Rock classification ranges between an 

arkose and granite pebble conglomerate dependent on the size and
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relative percentage of rock fragm ents.

Arkoses m arginal to fault zones are  commonly altered  with 

the development of se ric ite , clay, and talc giving the rock a soft waxy 

texture.

Conglomerate m

A narrow  wedge of dark-m aroon conglomerate and lithic sand

stone, approximately 450 feet thick, lies along the eastern  margin of 

the F resnal granite and arkose forming a  resis tan t cliff exposure above 

mudstone beds of the lower formation (PI. 6). Both contacts are  m ark

ed by northwest fault zones. Bedding strikes N 10 W and dips at 25 

degrees to the west.

The conglomerate is  composed largely of subrounded, dark- 

maroon volcanic pebbles and cobbles of interm ediate classification. 

M atrix m aterial is  of sim ilar composition and is  cemented by silica. 

Volcanics exhibit a m icrocrystalline to cryptocrystalline texture but 

often contain feldspar phenocrysts which exhibit a  linear, flow type 

pattern.



APLITE-PEGMATITE

The Otero granite is  cut by a number of pegmatite and aplite 

bodies which occur both as d iscrete clots or veinlets and as dike units 

emplaced along major tension openings. A sm all percentage of fracture 

fillings have been observed within marginal sediments.

Aplite-pegmatite dikes are  most frequently emplaced along 

fractu re  zones striking N 75-80 W and N 05-15 W. Dips are  normally 

high angle. Contact-age relationship between the two rock types is  

nowhere consistent although both are  cut by T ertiary(?) andesite dikes 

(PI. 8).

Pegm atite

Pegm atites range in size from  minute veinlets to units 1 to 3 

feet in width and 30 to 60 feet in length. Dike contacts a re  normally 

sharp without visible replacem ent or alteration effects. A rapid pinch

ing with depth is  characteristic .

The dikes are  composed predominantly of m assive "bull" 

quartz with minor percentages of orthoclase and biotite. The sporadic 

occurrence of books of mica, epidote sm ears and cavity fillings, and 

hematite aggregates is  believed representative of a late phase of r e 

placement. Absence of these m inerals in surrounding granite suggests

14



PLATE 8

"Bull" quartz pegmatite cut by andesite dike (looking west).
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l genetic relation to deuteric p rocesses within the pegmatite itself.
i
! The sm aller veinlets and segregation type clots a re  granitic

| consisting largely of orthoclase and quartz with minor percentages of

| the m icas and opaques.. Textural variations include granitic, porphy-

i ritic , m assive, and graphic. Clots interpenetrate the surrounding

| granite and are  everywhere cut by the la rger dikes and veins.

: ; Veins of pure orthoclase, quartz, or quartz and m ica a re

| common. A number of the feldspar veins exhibit tension cracks form -
j '
i ed during reopening. These a re  commonly filled with quartz, both

m assive and with comb structu re implicating several phases of late 

magmatic activity.

Aplite

Aplites are  characterized  by a  uniform, fine-grained, holo- 

crystalline, hypidiomorphic to allotrim orphic texture. Chill type con

tacts, however, a re  common to a number of the sm aller veinlets. Units
:
( range in size from  minute veinlets and clots to dikes 1 to 3 feet in width
I

and 90 or m ore feet in length. A rapid  pinching with depth is  character

istic .

t Aplites are  composed essentially of potash feldspar with a
i

sm aller percentage of quartz in ra tio  of approximately 5 to 1. Minor 

amounts of albite, oligoclase, biotite, and accessory opaque m inerals

have been observed.
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Aplite dikes a re  as a ru le structurally  homogeneous but may 

contain occasional pegm atite inter growths suggesting close genetic r e 

lation of the two rock types.

Basis for the fractionation of a  feldspathic aplitic residuum  

and a silicic pegmatite phase is  puzzling. Differentiation of this type 

may rep resen t the progressive crystallization and tapping of fluids 

formed under closed system  conditions. The classic "zoned" pegma

tites of New Hampshire often contain both aplite and m assive quartz 

indicating that such differentiation is  possible within re s tr ic ted  re s id 

ual pockets.

Aplite clots occur both as megascopic units and as d iscrete  

microscopic aggregates. Intimate penetration along grain boundaries 

of the granite host suggests either the entrapment of deuteric residuum s 

during consolidation of the country rock or a  late phase of aplitization.
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DIKES

The F resnal Peak a rea  is  characterized by T ertiary  dikes of 

acid and basic composition. These have been emplaced during cyclic 

reopening of northeast and northwest fractu re  se ts. Northeast dikes 

are  the youngest intrusive phase of the area.

Discussion

Dikes are  found within both the basem ent complex and m ar

ginal sediments. These strike  fairly  consistently N 15-25 E, N 50-75 

E, and N 55-75 W. Northeast dikes dip 60 to 80 degrees to the south

east. Northwest dikes a re  vertical or dipping at a  high angle to the 

south.

Dikes are  mapped as felsite, rhyolite porphyry, hornblende 

granite, interm ediate, and basic.

Felsite

Felsite dikes are  abundant throughout the F resnal Peak area  

(PI. 7). These a re  predominately rhyolitic in composition, although 

minor quartz la tite  is  noted. The two are  difficult to distinguish in 

the field and vary only in the ir rela tive percentage of orthoclase.

: . : . 18 ' - r  -
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Composition includes 10-30 percent quartz, 40-80 percent potash feld

spar, 10-50 percent oligoclase with minor percentages of albite, the 

micas, and opaque m inerals. The rock is characterized by a m icro

crystalline to cryptocrystalline texture but occasionally contains 

phenocrysts of quartz or potash feldspar.

Felsites have been emplaced essentially along northw est-trend

ing fractu res. A number of these dikes can be traced  for over 3 m iles. 

Widths range from  2 to 20 feet.

Rhyolite Porphyry

Rhyolite porphyry dikes are  predominately of northeast strike. 

Colors range from  white to gray-green depending on the extent of a lte ra 

tion. Phenocrysts make up 10-30 percent of the rock and a re  composed 

of 55-80 percent euhedral feldspar with a remaining percentage of quartz. 

Feldspar is  predominately orthoclase.

The groundmass is  of m icrocrystalline to cryptocrystalline 

texture and contains orthoclase and quartz with minor percentages of 

plagioclase and opaques. Chlorite flakes a re  scattered  throughout the 

m ass. - ; '

Andesite inclusions a re  common and a re  often bridged by feld

spar replacem ents.

Rhyolite porphyry dikes a re  extrem ely resis tan t to weathering 

and not uncommonly extend 50 to 100 feet above the surrounding country
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rock (PI. 9). These are  generally of great length and in several in

stances have been traced  for over 4 m iles. Widths range from  15 to 

35 feet.

Hornblende Granite

Several granite dikes have been recognized in the vicinity of 

the F resnal Ranch. These are  composed of 45 percent orthoclase, 10 

percent oligoclase, 8 percent quartz, 35 percent hornblende, and le ss  

than 1 percent muscovite and opaque m inerals. Epidote, chlorite, and 

seric ite  are  common alteration products.

The groundmass is composed entirely of fine grain leucocratic 

m inerals. D ark-green hornblende phenocrysts, ranging in size from  

2-10 m illim eters, contrast strikingly with the lighter background.

Granite dikes have been emplaced solely along northwest- 

trending frac tu res. Individual exposures range from  400 to 700 feet 

in length and from  6 to 10 feet in width.

Interm ediate

Trachyte and latite a re  mapped in a single ’’interm ediate" 

division as variations in composition are difficult or impossible to 

detect in the field. Both rock types a re  emplaced along northwest 

fractu re  zones and a re  of sim ilar fine grain to porphyritic texture 

and medium gray color. Exposures are  generally under 1,000 feet in



PLATE 9

Rhyolite porphyry dike extends from  right to left margins of the 
photograph (looking southwest).
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length. Widths range from  2 to 6 feet.

Rocks of this c lass a re  deficient in silica  and high in fe rro - 

magnesium m ineral content. Compositions a re  fairly  consistent vary

ing mainly in ratio  of orthoclase to oligoclase. They include 60-75 

percent feldspar, 15-35 percent hornblende, 0-5 percent biotite, and 

less than 5 percent quartz. Both feldspar and hornblende a re  found as 

phenocrysts.

Deuteric type alteration effects are widespread; feldspars are 

heavily dusted with sericite and often replaced by epidote, while mafic 

minerals are altered to chlorite, hematite, epidote, and calcite.

The "interm ediate" dikes frequently contain fine grain lam - 

prophyric type fragm ents of somewhat higher mafic content but o ther

wise sim ilar composition to that of the host. These may rep resen t an 

initial frontal phase indicative of a  system atic variation in mafic con

tent.

Basics

D ark-green andesite and lam prophyre dikes have been em

placed along both northeast and northwest fractu re  zones. These are  

of a m icrocrystalline to cryptocrystalline texture. Contacts a re  sharp 

and commonly exhibit m arginal chill and flow characteristics (Pi. 10).

Andesites are  fairly  uniform in composition containing 55-70 

percent so die plagioclase, 1-5 percent quartz, 20-30 percent ferrom agnesium



PLATE 10

Andesite dike showing sharp intrusive contact with granite 
country rock.
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m inerals and le ss  than 1 percent hem atite. Hornblende and biotite 

a re  the typical mafics. Both dark and light m inerals a re  found as 

phenocrysts.

The rock is  often propylitized with development of dark 

blotches containing epidote, chlorite, talc, calcite, and hem atite. 

Feldspars a re  partia lly  altered  to seric ite  and clays.

Lamprophyres are characterized by a high mafic content and 

commonly contain megascopic blades and aggregates of hornblende. 

Leucocratic minerals are restricted primarily to the matrix..

The rock is  composed of 50-65 percent feldspar, 35-45 p e r

cent hornblende, 0-5 percent biotite, and le ss  than 2 percent quartz 

and opaque m inerals. Feldspars could not be identified due to a lte ra 

tion masking. Association of lamprophyre with both trachyte and an

desite dikes, however, suggests considerable variation in feldspar 

composition.

Deuteric type effects are profound with formation of second

ary chlorite, epidote, talc, kaolin, sericite, calcite, and hematite.

In several thin sections calcite and quartz occur as enlarged aggre

gates suggesting introduction or redistribution of silica  and carbon 

dioxide.

Basic dikes a re  of lim ited dimension norm ally wedging within 

10 to 200 feet and ranging in width from  a fraction of an inch to 5 feet.
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Structure '

The lack of offset at intersection of northeast and northwest 

dike sets indicates that emplacement has accompanied simple dilation 

of fractu re  walls. P rim ary  features of the wall rock are  in general 

easily matched across the breadth of sm aller dikes.

Detailed mapping shows that acid and basic dikes of northeast 

trend consistently in tersect all m em bers of the northwest set. The 

presence of basic inclusions within rhyolite porphyry and interm ediate 

rock and the tonguing of felsite  into andesite dike m aterial indicates 

that basic dikes were the initial intrusive phase of each fractu re  set.

The high ratio  of dike emplacement im plies necessity  of large 

scale rock expansion. Calculation of total dike displacement along a 

northwest section A to B (see geologic map) is  of the order of 114 feet 

in a horizontal distance of 4, 224 feet or 1 foot of displacem ent per 37 

feet. A sim ilar east-w est section C-D has a  total displacement of 

some 160 feet in 6, 804 feet or 1 foot of displacement per 43 feet. A 

lim ited percentage of displaced rock may have been absorbed by com

pression  of joints m arginal to dike units.

Dikes a re  believed intruded during a  late phase of doming. 

Evidence of tensional reopening and vertical dips suggest orientation 

of the m ajor s tre s s  component in the vertical plane. The m ajority of 

northwest dikes a re  believed para lle l to this vector and may exhibit
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control by a p re-established  structu ra l fabric. S trikes closely ap

proxim ate those of many joint-dike sw arm s in southwestern Arizona. 

The northeast se t may have formed during re lease  of the active s tre s s  

or possibly rep resen ts reorientation of com pressive forces. Tensional 

s tre s s  of northwest orientation would be affective in holding northwest 

fractu res closed during north-south dike emplacement.

Evidence of periodic reopening and dike intrusion im plies 

recurrence of initial s tre s s  conditions possibly during resurgence of 

an underlying plutonic m ass.

Study of dike trends (see geologic map) indicates slight ro ta

tion of the s tre s s  field between the southeast and northwest corners of 

the map area. N ortheast-striking rhyolite porphyry dikes appear to 

converge at a point to the north of the Otero Ranch suggesting radiation 

from  a center of maximum vertical s tre s s . Structure of this type may, 

however, simply reflect local variation in the s tre s s  pattern.

r  i



STRUCTURE

Joints

The F resnal Peak area  is cut by joint se ts  trending north

east and northwest. These have had a pronounced control on topog

raphy, dike emplacement, and m ineralization.

Fractures exhibit a consistency of pattern throughout the area 

that may reflect regional tectonic activity.

Discussion

Joint se ts  strike  N 50-80 W and N 05-25 E (PI. 11). These 

dip at high angle to the southwest and southeast respectively. North

west fractu res a re  abundant throughout the map area  and exhibit a 

p refered  structu ra l control over the drainage pattern. Northwest joints 

a re  cut by the northeast set.

The lack of offset at intersection of northeast and northwest 

frac tu res and the preponderance of sharp, nonmylonitized partings in

dicates development during a phase of tensional s tre s s . Several theo

re tica l models satisfy the basic requirem ents of this particu lar pattern. 

For example, the principal com pressive component may parallel an 

east-w est horizontal plane. The interm ediate or vertical s tre s s  would

27



PLATE 11

Northeast-northw est joint patterns (looking northeast from  the 
southeast corner of the map area). Note north-south rhyolite 
porphyry dike at the left margin of the photograph.
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here be analogous to confining p ressu re . E ast-w est extension joints 

would develop norm al to the least principal s tre s s  during north-south 

expansion. North-south frac tu res might form  during subsequent r e 

lease of the principal com pression.

In the second model, the m ajor com pressive s tre s s  vector is  

vertical indicating intrusive type activity. East-w est fractu res would 

develop norm al to a minimum s tre s s  direction orientated in the north- 

south plane. North-south rupture may have progressed  during dome 

and secondary s tre s s  activity or re lease  of the east-w est interm ediate 

s tre s s  component.

Faults

Normal, steep rev erse , and wrench(?) faults a re  observed 

within the map area . Crosscutting relationships indicate that move

ment predates emplacement of T ertia ry  dike units.

Discussion

A zone of m arginal shear and granulation separates the base

ment granite complex from  m arginal sediments. The plane of move

ment strikes generally N 10 W and dips fairly  steeply to the west. Ex

posure varies in width from  approximately 900 feet to over 3,000 feet.

Even granulation and lack of sharp fault breaks are  suggestive 

of uniform s tre s s  conditions active over a broad area . Intrusive shear



of this type is characteristic  to many plutonic bodies but may also 

rep resen t a  late phase of adjustment.

A well-defined fault group in te rsec ts the shear zone at a 

point 1 mile to the northwest of the F resnal Ranch. These strike 

N 35 W and dip fairly  steeply to the southwest. Fault breaks a re  

often followed by felsite dikes and are  characterized  by a m arginal 

breccia. Sheared pebbles a re  aligned parallel to the strike  of the 

fault zone and may indicate wrench type movement. Sim ilar b reccia  

zones a re  observed at the head of C ontreras Canyon immediately to 

the west and in F resnal Canyon several m iles to the northwest. Fault 

breaks are  traceable for only a short distance within the map a rea  but 

may be deflected to the south finding continued expression in cataclastic 

effects of the north-south shear zone.

A third set of fault structu res, striking N 35-40 W and dipping 

at high angle to the southwest, lie  along the northeast m argin of F resnal 

Peak. Relative displacement of sedim entary units indicates a steep 

rev e rse  relationship. Breaks a re  sharp and are  intruded by northwest 

rhyolite porphyry dikes. M arginal joints bearing N 30 W have develop

ed within the F resnal granite and a re  commonly followed by basic dike 

m aterial.

A fourth fault structu re  has been traced  for several hundred 

feet along a stream  channel one-third of a  mile southwest of the Otero 

Ranch. The unit s trikes N 73 W and dips 80 degrees to the northeast.
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The fault zone is mylonitized and contains fragm ents of basic dike ma

te ria l. Nature of movement is  undetermined.

- r  ;



GEOLOGIC HISTORY

Field examination within the F resnal Peak a rea  and within 

C ontreras Canyon immediately to the north and the Baboquivari Peak 

a rea  several m iles to the south has failed to establish a  definite r e 

lationship between sedim entary and granitic units. All contacts ob

served were marked by shear or fault zones. If tectonic breaks of 

this type are  rela ted  to plutonic activity, granites a re  assum ed of a 

late C retaceous-T ertiary  age. Evidence of fault displacement, on 

the other hand, would suggest rela tive uplift of a  pre-C retaceous, 

possibly P recam brian complex.

Sequence of Events

The great volume of ’’volcanic” conglomerates exposed within 

the F resnal Peak area  indicates the uplift and erosion of a thick se 

quence of C retaceous-T ertiary  flow rock. Sediments were dumped on 

either the basem ent granite or surface no longer visible in the area.

If granites a re  of pre-C retaceous age, it is  necessary  to de

pict a succeeding stage of fault activity in which sediments were tilted  

and depressed rela tive to the granite complex. In the vicinity of F resnal 

Peak, vertical movement of over 3,000 feet would be required. If, how

ever, granites are  of post-sedim entary age, they were presumably
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intruded during a phase of T ertia ry  block faulting. M arginal shear 

may have developed during a subsequent period of adjustment.

Crosscutting tension joints and dike units a re  believed rela ted  

to a vertical s tre s s  component of T ertiary  age. P aralle lism  of these 

units to the prim ary  structu ra l fabric of the Otero granite may reflect 

repetition of earlie r structu ra l conditions.



MINERAL DEPOSITS 

Introduction

Small centers of copper m ineralization a re  found within the 

F resnal Peak area  and in regions immediately to the west and south. 

These are characterized by a high degree of. s tructu ra l control, r e 

stric ted  alteration, and a high tem perature m ineral assem blage.

Diablo Prospect

The Diablo copper prospect is  located in Diablo Canyon 1 

mile to the southwest of the Chiltepines Ranch and adjacent to the 

southern boundary of the map area  (see geologic map). A 30-foot 

shaft has been sunk on the property within the past five years. Work

ings a re  at p resen t abandoned due to apparent narrow  lim its of the 

ore body and negative m etallurgical aspects.

Sulphides are  confined to a  surface exposure roughly 60 by 

15 feet located in the hanging wall of a  north-south rhyolite porphyry 

dike. The prospect is  bounded to the south and east by an intersecting 

set of basic dikes which provided the broad framework for solution 

activity. Heaviest replacem ent occurs a t points of shatter and joint 

intersection along a northwest sheet-frac tu re  zone.

34
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Host Rock

The host rock ranges in color from  white to light gray. It is  

classified as a m afic-free syenite and rep resen ts considerable chem

ical-m in eralogic variation from  that of surrounding biotite and silicic 

granites. The rock contains approximately 95 percent perth ite with 

minor percentages of quartz, albite, and opaques. Feldspars have 

rem ained largely stable during m ineralization with only a lim ited de

velopment of clay m inerals. A lteration of this type is  norm ally r e 

stric ted  to grains of perthitic orthoclase in close proximity to m iner

alized veinlets. Albite intergrowths have escaped alteration effects 

altogether.

The syenite is  fairly  uniform, coarse, highly compact with 

granitoid texture but contains many clots and veinlets of aplitic ma

te ria l. These units range in size from  blocks 1 to 2 feet in width to 

d iscre te  aggregates le ss  than a  m illim eter. The aplites a re  compos

ed of feldspar and quartz in ratio  of approximately 4 to 1.

M iarolitic or leached cavities are  typical to both coarse and 

fine grain phases. These a re  often filled with quartz crysta l aggre

gates and may serve as a loci for sulphide deposition.

S im ilarities of texture and composition to "pegm atitic” ma

te ria l strongly suggests that the host rock rep resen ts  a late segrega

tion or phase of replacem ent pegmatization.
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Rhyolite -

The prospect lies 80 feet to the east of a m ajor north-south 

rhyolite porphyry dike. The exact relationship between dike emplace

ment and m ineral genesis is  unknown although absence of sulphides 

within the dike itself would appear to preclude its  potential as a  source 

and could conceivably indicate post m ineral intrusion. It is  believed, 

however, that dike wedging was a factor in the intense fracturing of 

the host and that m ineralizing solutions ascended along the hanging- 

wall surface.

The rhyolite is  composed of a fine m icrocrystalline ground- 

m ass with large phenocrysts of potash feldspar and quartz. Minor 

oligoclase is  noted. Feldspars a re  commonly dusted with fine aggre

gates of se ric ite  and clay. Chlorite is  scattered  throughout the m ass. 

Alteration of th is type is  observed in most hypabyssal rock of the map 

area  and is believed representative of deuteric ra th er than hydrotherm 

al effects.

Andesite

A number of andesite dikes a re  localized within the prospect 

area . These follow established northeast and northwest fracture planes 

and a re  believed to have had a m ajor control in channeling of ore solu

tions. Dikes m easure from  20 to 80 feet in length and range from 1 to 

3 feet in width.
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Andesite is of a m icrocrystalline texture. Composition in

cludes 67 percent andesine(?), 20 percent chlorite, 10 percent epidote, 

1-2 percent quartz and talc, and le ss  than 1 percent opaques and cal- 

cite. A lteration m inerals a re  widespread and often occur as dark 

mafic blotches. Infrequent shear zones exhibit intense propylitization 

and in ra re  cases are  replaced by m assive pyrite.

P rim ary  Assemblage

P rim ary  m inerals include, in their apparent sequence of dep

osition, pyrite, chalcopyrite, specularite, and molybdenite. Minor 

quantities of gold and silver a re  reported. Quartz, epidote, chlorite, 

and talc a re  the common gangue.

P yrite

P yrite  is  found as d iscrete euhedral grains and as rep lace

ments associated with chalcopyrite and specularite. It is  widespread 

throughout the deposit and is  found within both syenite and sheared 

andesite.

Chalcopyrite

Chalcopyrite occurs as dissem inated blebs and stringers with

in the syenite host. It is  closely associated with pyrite  in a ratio  of 

approximately 1 to 3. Absence of distinct crosscutting relationship
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between the two m inerals suggests contemporary deposition.

An assay run on several "rich" grab sam ples averaged 3 p er- 

cent copper. Tenor of the prospect area  as  a unit, however, ranges 

considerably lower.

Specular ite

Specularite form s in m assive and bladed aggregates 3 to 7 

m illim eters in length and one-fourth to 3 m illim eters in width. It is  

closely associated with chalcopyrite and commonly exhibits crosscutting 

relationships indicative of replacem ent.

Molybdenite

A minor percentage of molybdenite has been deposited as thin 

selvages along minute fractu re  planes. P reference for fracture, ra th er 

than the replacem ent environment favored by other sulphides, im plies 

deposition during a la te  phase of breakage.

O thers

O ccurrence of minor pyrrhotite, ilm enite, or magnetite is 

suggested by the slight magnetic susceptibility of m ineralized rock.

Assay of several grab sam ples averaged 2.14 ounces silver 

and a trace  gold.

•'I:-:
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Secondary Assemblage

Secondary chalcocite, cuprite, tenorite, m alachite, and azu- 

r ite  are  found within open surface frac tu res. Absence of gossan in

dicates the complete breakdown and solution of p rim ary  sulphides 

within a nonreactive host containing a high pyrite to copper ratio .

Gangue and Alteration

Sulphide m ineralization was accompanied by the introduction 

of quartz, epidote, chlorite, and talc. The gangue is confined to n ar

row m ineralized veinlets and aggregate m asses within an essentially 

feldspar stable environment. M icroscopic examination reveals only 

minor development of clays.

Structure

The o re  body is  emplaced along a narrow  fractu re  zone in the 

hanging wall of a north-south rhyolite porphyry dike. The surface ex

posure extends for some 60 feet in a N 81 W direction and is  approxi

mately 15 feet wide. Geometric projection indicates that the unit 

plunges at 39 degrees N 85 W and intercepts the rhyolite porphyry 

dike some 100 feet along the plunge. Dearth of m ineralization to the 

west of the dike suggests a struc tu ra l bottom.

O re is  localized along a sheet fractu re  zone lying within the

framework established by intersection of northwest and northeast

Univ. of Arizona Libras
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andesite dikes. Dikes dip 85 degrees south and 40 degrees west r e 

spectively. The sheeted zone paralle ls  the northwest dike and is  

characterized  by curving planes ranging in dip from  70 to 85 degrees 

to the south. Shatter at points of intersection with north-south frac 

tu res has provided a favorable locus of deposition. These fractu res 

dip at high angle to the east. Secondary fissuring is  evident but dem

onstrates no specific pattern  relationship.

Genesis

Extrem e environmental selectivity, replacem ent, and a high 

tem perature m ineral assem blage indicate precipitation at g reat depth 

and extended tem perature. Absence of a  well-defined zone or para- 

genetic sequence and the lim ited replacem ent of the host by gangue a re  

considered reflective of high tem perature m ineralization without the 

typical "preparation" phase of descending tem perature and complex 

chemical change. The presence of unaltered feldspar ra ise s  doubts 

on the passage of large quantities of water. Leaching of m arginal 

basic dikes may have enriched local solutions in sufficient magnesium 

and iron to promote replacem ent by gangue m inerals.

The existence of a feldspar stable environment is  suggestive 

of a late magmatic, alkaline(?) stage. A lteration to se ric ite  and 

kaolin would not be e j e c te d  in a chem ical-tem perature environment 

of this character (Stringham, 1951, p. 662).
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L . : Minor Occurrence of Sulphide M ineralization

Sulphides are  observed within fractu re  zones of sedim entary 

arid pegmatite units. P rospects a re  characterized by weak m ineraliza

tion and narrow  structu ra l lim its. *

Sediments

M ineralized zones within sedim entary beds range from  sev

era l square feet to 400 feet or m ore. F ractured  conglomerate ap

p ea rs  most favorable to replacem ent. P yrite  and le ss  often chalcopy- 

r ite  are  found as replacem ent s tringers  and d iscrete  blebs. The host 

rock is attacked by chlorite, kaolin, and seric ite .

The common locus of high tem perature sulphide pockets pe

ripheral to T ertiary  rhyolite porphyry dikes im plies perm eable con

tact zones of deep penetration. F rac tu re  zones m arginal to dike in te r

section a re  especially favorable though dike rock itself in unm ineral

ized. Examination of mine workings indicates that shatter zones of 

this type are  spotty and difficult to predict.

A fairly  high tem perature m ineral assemblage, lim ited a lte r

ation, and high degree of s tructu ra l selectivity suggest genesis during 

a re s tr ic ted  la te magmatic or hypothermal replacem ent phase.
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Pegm atites

Quartz pegm atites containing pyrite, chalcopyrite, specula- 

r ite , and molybdenite have been observed within the F resnal Peak a rea  

and south in the vicinity of Baboquivari Peak (PI. 12). The large p e r

centage is  localized within the Otero granite and is  of a sim ilar tex

tu re and attitude to "barren" pegm atite.

Mineralization is  erratic within any one particular body and 

exhibits no specific internal zone or large-scale structural control. 

Sulphides are found as minutely disseminated blebs and distinct re

placement veinlets along grain boundaries and capillary openings. 

Absence of mineralization or alteration within surrounding country 

rock may indicate close genetic relation to late magmatic fluids devel

oped during crystallization of the pegmatite.

Genetic Relationship

A brief reconnaissance study of the Gold Bullion Mine, located 

approximately 5 m iles south of the map area, was undertaken in an at

tem pt to clarify relationship between pegm atite sulphidization and high 

tem perature m ineralization of country rock. Here the two features 

are  of close juxtaposition and of fa irly  definite genetic tie .

The Gold Bullion is  situated in sec. 35, T. 19 S ., R. 7 E. 

M ineralization is  localized in the hanging wall of a north -east rhyolite 

porphyry dike. Sporadic pockets of m ineralization are  emplaced along



PLATE 12

Sulphide-bearing pegmatite (looking east).
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a flat westward-dipping structu ra l break representative of bedding 

plane movement between siltstone(?) and conglomerate units. Pockets 

a re  highly fractured  but of only shallow extent. They contain au rifer

ous pyrite with minor percentages of chalcopyrite and molybdenite.

Host rock is  pegmatized and attacked by chlorite, talc, and kaolin.

An east-w est ,,bullM quartz dike, approximately 60 feet in 

length and 4 to 5 feet in width, cuts sedim ents along the southern m ar

gin of the hill. The unit dips 85 degrees to the northeast and pinches 

downward in a m atter of 75 to 100 feet. M arginal sediments a re  cut 

by associated pods and veinlets of quartz.

The pegm atite is  fractured  and replaced by sm all percentages 

of chalcopyrite, pyrite, and molybdenite. Examination of drifts and 

crosscu ts which penetrate country rock to the north indicates that 

sulphides were confined for the m ost p a rt to the pegm atite. P y ritiza- 

tion, however, is  common in m arginal zones of shatter.

M ineralization of the Gold Bullion Mine apparently rep resen ts  

a  late magmatic or hypothermal replacem ent phase. Close association 

of m ineralization and pegmatization of sediments suggest that o re fluids 

may be re la ted  to exhalations from  the pegmatite itself. Sim ilar gen

esis might well be expected at the Diablo prospect. *
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