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ABSTRACT

The M adera and Agua Caliente Canyons a re  p a rt of the com

plex fault block structu re  that occurs in the Santa R ita batholith. Sur

face exposures in the thesis a rea  consist of diorite , monzonite, granite, 

quartz  monzonite, and granodiorite, which have been intruded by dikes 

ranging in composition from  rhyolite to d iorite . The m ost recen t phase 

of the intrusive was the introduction of minor sulfide m ineralization a s 

sociated with faults. M ineralization was not accompanied by pervasive 

alteration except in one sm all a rea  near the southeast corner of the 

thesis area . L eft-la te ra l faulting and a  persis ten t joint system  a re  the 

m ajor s truc tu ra l features and have controlled the physiography of the 

a rea . The relation  between the sedim ents and the granitoids indicates 

that the intrusion of the Santa R ita batholith occurred  during the 

Laram ide orogeny.
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INTRODUCTION

The M adera-Agua Caliente Canyons a rea  lies on the w estern 

slope of the Santa R ita Mountains in the Tyndall and Old Baldy mining 

d is tric ts , P im a and Santa Cruz Counties, Arizona. The Santa R ita 

Mountains, which together with the Patagonia Mountains, extend in a 

northern sinuous trend from  the Mexican border to north of Helvetia 

and were the center of intense mining activity from  the middle ISOO's 

to the early  1900's . After a number of y ea rs  of inactivity, several 

m ines were reactivated  in the 1940, s when prospecting for base m etals 

resum ed with renewed vigor. The M adera-Agua Caliente Canyons a rea  

is  easily accessible by road from  Tucson, which is  approximately 50 

m iles to the north.

, The lower half of M adera Canyon is  sparsely  populated. Sum

m er cottages and picnic a reas  a re  found along the M adera Canyon stream . 

Agua Caliente and Chino Canyons a re  utilized as grazing a reas .

The annual rainfall is  approximately 16 to 20 inches. Numer

ous springs flow into the canyons, but surface flow is  lost in the alluvi

um. These sources of water sustain many species of wild anim als that 

inhabit the a rea .

1
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Location

The M adera-Agua Caliente Canyons a rea  is  located 50 road 

m iles south of Tucson (fig. 1). The area , consisting of 25 square 

m iles, lies entirely within the Coronado National F o rest on the w estern 

flank of the Santa R ita Mountains. The a rea  is  bordered to the west and 

north by the fan-capped pediment on the edge of the Santa Cruz Valley, 

to the south by a high ridge between Agua Caliente Canyon and Montosa 

Canyon, and to the east by the M adera Canyon road.

A ccessibility divides the thesis a rea  into two p a rts . The 

M adera Canyon portion is reached by driving south 27 m iles on Route 

89 from  Tucson to Continental, then southeast 7 m iles on the Box 

Canyon road to the M adera Canyon road . There is  an excellent hard

top highway from  Tucson to Continental, then a  graded d ir t road  to the 

M adera Canyon road. The narrow  hard-top road leading into M adera 

Canyon is  easily accessible by automobile except for short periods fol

lowing heavy snowfalls in the w inter.

An unimproved d irt road, passable under ideal weather condi

tions, extends west from  the mouth of M adera Canyon then tu rns south

east, giving access to Chino Canyon (north of Agua Caliente Canyon),

The Agua Caliente Canyon portion of the thesis a rea  is  reached 

by driving 35 m iles south from  Tucson on Route 89 to Amado, then 10 

m iles east on a loose gravel road that is  passable by automobile all year
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around. There is  an unimproved road that extends east 2 .5  m iles from  

the mouth of Agua Caliente Canyon. This road can be trav e rsed  by 

jeep or truck  in dry weather.

T ra ils  leading to old mining claim s c r is sc ro ss  the entire thesis 

area , some of which have been maintained by the fo rest serv ice for fire  

prevention.

Scope

The fieldwork was completed between September 1959 and 

December 1959. During that period a general geologic reconnaissance 

was made of the area .

Since no suitable base maps were available, rock  types and the 

struc tu ra l patterns w ere mapped on a  high-altitude ae ria l photograph, 

the scale being 1 inch equals 1,500 feet. This photograph (Project 55 

AM-1) was obtained directly  from  the Map Information Office, U.S. 

Departm ent of In terio r, Washington 25, D. C.

The topography (pis. I and n) was taken d irectly  from  the 

Patagonia quadrangle and transposed  onto the base map. The original 

contour map was enlarged approximately th ree  tim es to match the scale 

of the ae ria l photograph.

P la tes I and n  were located by latitude and longitude m easured 

from  the Patagonia quadrangle sheet to the n ea rest minute.
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To supplement the general fieldwork, 40 thin sections were cut 

and examined m icroscopically to determ ine the rock types. A few pol

ished sections of o re m inerals were made.

No geologic work has been published regarding the M adera- 

Agua Caliente Canyons since Schrader and Hall (1915) v isited many of 

the mining camps in the early  1900ts.

Recent geologic studies by Anthony (1951), Sulik (1957), and 

Lutton (1958) have been completed to the south, west, and east of the 

M adera-Agua Caliente Canyons. This reconnaissance was designed to 

partia lly  fill the m issing geologic data between Montosa Canyon to the 

south and Stone Cabin Canyon to the northeast.

Previous Work

Schrader and Hall (1915) included the M adera-Agua Caliente 

Canyons a rea  in their description of the Santa R ita batholith. Since 

th is work dealt with petrography and mineralogy of active m ines and 

prospects of the area , the inactive a rea s  w ere only generally described.

Anthony (1951) modified some of S ch rader's  rock  identifications 

in the Montosa and Cottonwood Canyons a rea  south of the au thor's a rea  

of study. Anthony described in detail some of the workings in the a rea  

to the south and also the structu re  of the sedim ents to the west.

Sulik (1957) extended Anthony's work and described the relation

of the Pennsylvanian-Perm ian lim estones, Cretaceous red  beds, and



the granitoids to the east. Sulik’s work extended north past Agua 

Caliente Canyon.

Lutton (1958) studied the geology in Sawmill Canyon east of the 

au thor's a rea . In th is work, Lutton describes the rock types and s tru c 

tu re in detail. He also included a reconnaissance study of the outstand

ing s tru c tu ra l features of southern Arizona from  ae ria l photographs.

Several other papers w ritten by Olson (1961), Alexis (1949), 

M arvin (1942), and Alberding (1938) a re  not closely re la ted  in location 

to the thesis a rea  but gave the author a better understanding of the en

vironment of the Santa R ita batholith.

6



TOPOGRAPHY AND DRAINAGE

The M adera-Agua Caliente Canyons a rea  is located in rugged 

mountainous te rra in . The high re lie f is  accentuated by Mount Hopkins, 

Pete Mountain, and their subsequent ridges.

Mount Hopkins, which lies  in the southeast corner of the area , 

is  the second highest peak in the Santa R ita Mountains and has an eleva

tion of 8,572 feet. Its slopes a re  covered with ponderosa and jack pine.

Pete Mountain, located in the northwest corner of the thesis 

a rea , is  a rem nant of a  large granite m ass that has been partia lly  de

stroyed by erosion along a prom inent joint system  leaving near vertical 

slopes.

An in teresting  erosional feature resem bling a glacial cirque 

occurs at an elevation of approximately 7,500 feet on the flanks of the 

high ridge 1 mile north of Mount Hopkins. This feature is  in very com

petent rock  and deserves further study.

The M adera, Agua Caliente, and Chino Canyons com prise the 

principal drainages. These s tream s a re  in term ittent and a re  tr ib u ta ries  

of the Santa Cruz R iver, which flows northerly  through Tucson and 

em pties into the Gila R iver. The drainage system  within the a rea  of 

study is  controlled by joints (pi. H).

7
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As the stream s flow from  the steep slopes of Mount Hopkins 

they form  fa irly  large valleys and deposit alluvial fans capping the pedi

ment surface and then flow on to the lower lying desert floor.



GENERAL GEOLOGY

The M adera-Agua Caliente Canyons a rea  is  located in the 

southern Santa R ita block (Lutton, 1958), which is  separated from  the 

Box Canyon block to the northeast by a zone of le ft-la te ra l faulting in 

the Sawmill Canyon a rea . L eft-la te ra l faulting was mapped in both 

M adera and Agua Caliente Canyons but not as  extensive as in the Glove 

mine a rea  (Olson, 1961) and Josephine Canyon (Lacy, personal com

munication). The Agua Caliente Canyon fault s trik es  para lle l to the 

Texas lineament, which trav e rse s  th is a rea  in a broad N. 70° W. belt 

about 150 m iles wide (Mayo, 1958).

A se rie s  of northw est-trending hogbacks at the entrance to 

Agua Caliente Canyon p resen ts an in teresting problem . These w esterly 

dipping lim estone hogbacks have been th rust over the Cretaceous red  

beds. This was possibly caused by the intrusion of the Santa R ita batho- 

lith in Lar amide tim e.

The brown-colored granitoid ridges that descend in a  rad ia l 

pattern  from  Mount Hopkins have been strongly weathered. The rock 

generally has been attacked by fro s t and w ater, leaving rounded topo

graphic form s capped by brown coarse sands.

9
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The m ost strik ing of the s tru c tu ra l features in the a rea  is  the 

joint system s that c r is sc ro ss  the rocks (pi. n ). Button (1958) mapped 

the m ost prom inent joints in the no rth -cen tra l portion of the thesis a rea  

from  ae ria l photographs. Schlieren were mapped in places, but th is 

feature apparently had little  s tru c tu ra l value on the scale that this 

pro ject was undertaken.

Sedimentary Rock Units

Sedimentary rocks a re  located in the extrem e w estern portion 

of the a rea  under investigation near the mouth of Agua Caliente Canyon. 

These sedim ents have been mapped and discussed in detail by Anthony 

(1951) and Sulik (1957). The contact between the granitoids and the 

sedim ents is represen ted  by a  zone of complex faulting. These de

form ed Paleozoic and Cretaceous sedim ents probably rep resen t the 

southwestern limb of an anticline that has been breached by the in tru - 

sives of the Santa R ita batholith.

Undifferentiated Cretaceous red  beds a re  found near the mouth 

of Agua Caliente Canyon. These consist of shales, m etavolcanics, and 

thin-bedded lim estones dipping approximately 40° to 50° to the south

west. The highly fractu red  and faulted rocks have been deeply eroded 

by stream  channels.

The Pennsylvanian-Perm ian lim estone form s high northw est

trending hogbacks located near the mouth of Agua Caliente Canyon. The



11

lim estone has been th rust over the Cretaceous sedim ents; th is possibly 

was caused by la te ra l com pression developed during the intrusion of the 

Santa R ita batholith. According to Anthony (1951), the Naco Limestone 

was intruded by the quartz monzonite and m ineralized by re la ted  solu

tions.

The significance of the sedim ents is  that they enable one to ap

proxim ate the age of the quartz monzonite. The age of the youngest 

beds affected by the structu re  is  C retaceous. It is , therefore, assum ed 

that the intrusive is  younger than the Cretaceous beds, although the con

tac t between the Cretaceous sedim ents and the quartz monzonite is  com

pletely covered by alluvium in the a re a  under investigation.

S tructure

Many of the stru c tu ra l featu res in the M adera-Agua Caliente 

Canyons a rea  a re  sim ila r to the ones found in adjacent a reas . Left- 

la te ra l faults have been mapped by Lutton (1958), Lacy (personal com

munication), and Olson (1961) within several m iles of the thesis a rea  

and are  sim ilar to the ones found in the M adera-Agua Caliente Canyons. 

The overall frac tu re  pattern , with the exception of the joint system , is 

probably re la ted  to the Texas lineam ent (Mayo, 1958), which trav e rse s  

th is a rea .

Many of the faults mapped w ere covered by thick overburden; 

therefore, the ir s tr ik es  have been in ferred  over long distances. Except
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for the easte rn  portion of the Agua Caliente fault, all the faults had 

sim ilar rocks on both sides, making estim ates of apparent displacem ent 

nearly  im possible. Generally the faults with the large apparent move

ment have little  gouge m ateria l associated with them and have been 

healed by a  siliceous gangue. All of these a re  essentially  b arren  of 

sulfide m ineralization. Many of the le ss  intense faults form  zones 1 to 

5 feet wide and contain gouge and sulfide m ineralization.

The m ost im pressive struc tu ra l feature in the a rea  is  the ex

tensive joint system . While many joints were mapped in the field, the 

ae ria l photographs give a  much better picture of the system .

Dikes a re  numerous and consist of many different rock types. 

Where dikes were encountered they w ere followed and mapped along the 

surface to their ex trem ities.

Agua Caliente Fault

This fault is  exposed in several places along the stream  chan

nel in Agua Caliente Canyon. The fault s trik es  N. 72° E. and dips 75° 

S. a t the mouth of the canyon, but near the headwaters of the canyon 

the strike  changes to due east with a  vertical dip. Slickensides plunge 

22° to the east.

This fault has cut and displaced a  norm al fault strik ing N. 30° 

E. and dipping 85° NW. Slickensides plunge 20° NE. The older fault
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contains l /4  to 1/2 inch of gouge and has an apparent offset along the 

strike  of the Agua Caliente fault of 1,050 feet.

Several subsidiary frac tu res  were mapped, but the ir extents 

are  unknown.

The main fault has very little  gouge and has been recem ented 

by fine silica . Most of th is fault is  covered by detritus, and the location 

has been largely inferred .

Near the headwaters of the canyon the fault form s a contact 

between a coarse  monzonite to the north and a  coarse quartz monzonite 

to the south.

M adera Fault

The M adera Canyon fault has been actually observed in ju st a  

few places along the stream  channel. The fault s trik es  N. 10° W. and 

has a near vertical dip. Near the mouth of the canyon i t  in te rsec ts  a 

fault striking N. 60° E . and dipping 85° NW. and displaces it 450 feet. 

The west block is  downthrown and moved south re la tive  to the east block. 

Most of the a rea  along the strike  of the main fault was covered by allu

vium. The fault trace  is  b arren  of sulfide m ineralization but has been 

strongly silicified.
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Daily Fault

The Daily fault is  located near the headwaters of the west fork
oof M adera Canyon. The fault form s a shear zone that trends N. 75 E. 

and dips 80° N. This zone is  m ineralized over a  width of 3 to 5 feet 

and c a rr ie s  molybdenite, galena, pyrite, chalcopyrite, azurite , and 

m alachite. It appears that the north block has moved down rela tive to 

the south block.

C urrie  Fault

The C urrie  fault is  located on the west slope of M adera Canyon 

just off the tra il  that connects M adera with Agua Caliente Canyon. The 

main fissu re  is m arked by a  shear zone striking N. 65° E. and dipping 

85° N. The fault zone is  approxim ately 12 feet wide and is  exposed in 

a 70-foot vertical section. M ineralization occurs along the zone and 

consists of pyrite, galena, m alachite, and azurite .

Cutting the shear zone of the C urrie  fault is  a norm al fault 

trending due east and dipping 50° S. Apparent offsets could not be de

term ined in th is a rea .

Chino Fault

The Chino fault is  located in a shear zone at the head of Chino 

Canyon. The main fault s tr ik es  N. 75° E. and dips 83° S. It extends
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in a northerly  direction ac ro ss a  high ridge from  Chino Canyon to an 

unnamed canyon to the north. Adits have been driven on the structu re  

from  both canyons, but their findings a re  unknown to the author. The 

fault contains about 5 feet of clay gouge, and no sulfide m ineralization 

was noted in place. However, sam ples from  the dump indicate that 

galena, chalcopyrite, sphalerite  and pyrite  have been mined.

The Rattlesnake th rust fault that resu lted  in the lim estone hog

back klippen has been described in detail by Anthony and Sulik.

Dikes and Q uartz Veins

With few exceptions the dikes and quartz veins in the M adera- 

Agua Caliente Canyons have a  northeasterly  trend . The dikes a re  from  

2 to 20 feet wide and range in composition from  rhyolite to d iorite . The 

quartz veins a re  composed alm ost entirely  of vuggy quartz , with quartz 

c ry sta ls  growing in the vugs. In some places an unidentified ferrom ag- 

nesian m ateria l occupies these vugs.

The m ost persis ten t quartz-vein system  is  found on the w estern 

flank of the granite m ass. This system  trends in a  sinuous pattern  

from  the mouth of Agua Caliente Canyon north and east near the contact 

of the coarse granite and the alluvium.

Near the Daily mine in the west fo rk  of M adera Canyon a m as

sive quartz  vein trends N. 65° E. and dips 55° N. The quartz vein is  

closely associated  with an ore-bearing  shear zone strik ing N. 75° W.



16

and, along with the other s truc tu ra l features, may have influenced the 

channel for the ore-bearing  solutions.

A fairly  large group of dikes consisting of a rhyolite porphyry 

is red  to gray in color and consists principally of a quartz, orthoclase 

m atrix  with quartz, plagioclase, and orthoclase phenocrysts. These 

dikes a re  found in the northern half of the a rea  under investigation, ex

tending from  Chino Canyon east to M adera Canyon. They seem  to be 

closely re la ted  to the east-w est and northeast joint system s. In 

M adera Canyon, a red  rhyolite dike, striking N. 80° W ., has been 

transversed  by a younger quartz la tite  porphyry dike, which strikes N. 

5° W.

Several quartz diorite dikes have intruded the a rea .

Joints

The m ost striking of the stru c tu ra l featu res is  the joint sy s

tem  that p e rs is ts  throughout the a rea . While numerous joints were 

mapped in the field, probably the best overall inform ation was obtained 

from  an analysis of the ae ria l photographs.

The four dominant trends of the joint system  a re  east, north, 

northeast, and northwest, respectively .

The drainage pattern  in the M adera-Agua Caliente Canyons 

a rea  is  p rim arily  the re su lt of erosion along m ajor joints.
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Many of the dikes and quartz  veins have the sam e general trend  

as the dominant joint system s and may have been controlled by these 

structu res. Since the thesis a rea  is  on the w estern flank of the Santa 

R ita batholith, the a rea  might be considered to be under the sam e s tre s s -  

s tra in  condition as the lim bs of an anticlinal s truc tu re . If th is is  true , 

according to DeSitter (1956, p. 122-142), the north-south trending joints 

would be tension joints. The east-w est and northeast-southw est-trending 

joints would be shear joints.

Generally, the joints trend  across the different rock  types 

without much deviation. This probably indicates that the origin of the 

joint system  was due to movement ra th e r than to intrusive and cooling 

phenomena.

Attitudes of many of the joints w ere mapped in the field (pi.

n).

Igneous Rocks

The m ajor portion of the a rea  under investigation consists of 

igneous rocks, which range in composition from  granite to d iorite . All 

of these a re  p a rt of a  single in trusive epoch that form ed the Santa R ita 

batholith complex, being emplaced in the order of diorite , monzonite, 

quartz monzonite, and granodiorite.

An attem pt to map linear and planar s tru c tu ra l features in the 

igneous rocks was made without success.
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Most of the contacts between the different rock types a re  in

fe rred  because of overburden and inaccessibility . However, the author 

believes that the intrusion of the igneous rocks occurred during a  period 

of tectonic activity following the deposition of the Cretaceous sedim ents.

Fine-G rained D iorite

The diorite intrusive form s the southwest slope of the west 

fork of M adera Canyon near its  headwaters.

The actual contact between the diorite and the coarse-grained  

monzonite to the west was not observed, but sam ples of monzonite were 

found showing fragm ents of d iorite incorporated in the monzonite. This 

indicates that the monzonite is  younger. Likewise, the contact between 

the diorite and the granodiorite to the south and east was talus covered 

and not observed. A sim ila r contact in Josephine Canyon (Lacy, p e r

sonal communication) indicated that the granodiorite intruded the diorite. 

The diorite is  probably the oldest in trusive rock exposed in the M adera- 

Agua Caliente Canyons a rea .

F ield  appearance.—In outcrop the diorite is  highly re s is tan t 

to weathering. In M adera Canyon the rocks stand nearly vertica l and 

extend southwest to a  ridge that connects with Mount Hopkins. Most of 

the talus slopes re su lt from  weathering along a p ersis ten t joint system ,
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and blocky rem nants are  left by th is weathering. Sulfide m inerals a re  

associated with faults in the diorite west of the M adera stream .

Megascopic description. —In hand specim en the rock  is  fine 

grained and p resen ts  a mottled appearance of white, pink, and black.

The rock is  composed predominantly of white plagioclase and mafic 

m inerals, which consist of hornblende and biotite. The potash feldspars 

com prise only a sm all portion of the rock. Magnetite and pyrite a re  the 

predominant accessory  m inerals. The diorite gives no appearance of 

being altered .

M icroscopic description. —In thin section the rock is  equigran- 

u la r, consisting of plagioclase (andesine Angg), orthoclase, and sm aller 

amounts of biotite and hornblende. Quartz grains are  scarce .

Approximate percentages of the m inerals as estim ated in thin 

sections are  as follows:

P ercen t
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Biotite 7

Augite 15

Hornblende 4

Orthoclase 15

Andesine Angg 55

Magnetite 3

Q uartz 1
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C oarse Monzonite

Monzonite is  found near the saddle between Agua Caliente 

Canyon and M adera Canyon and extends along a ridge south to the c re s t 

of Mount Hopkins.

The easte rn  contact between the monzonite and diorite s trikes 

nearly  north. F ragm ents of d iorite were found in the monzonite indi

cating the la tte r to be younger. The contact between the monzonite and 

quartz monzonite was not seen because of talus cover. According to 

Lacy (personal communication) the quartz monzonite is younger than 

the monzonite in Josephine Canyon. The contact with the fine-grained 

granite to the north is  completely obscured by overburden.

Field appearance. —The outcrop pattern  of the coarse monzo

nite is  a peculiar "mushroom " shape with the stem  trending to the south. 

The rock  is  fa irly  re s is tan t except where w ater and fro s t action have 

eroded along the joint system s. The highest peak on the thesis a rea  is 

composed of th is rock.

Megascopic description. —In hand specim en the medium- to 

coarse-grained  (2 to 4 mm) rock  is  equigranular, consisting of pink and 

white feldspars and black mafic m inerals. M ore than half of the rock 

is  composed of orthoclase and plagioclase. The rem ainder consists of
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hornblende, chlorite, and m agnetite. The monzonite appears to be un

altered.

M icroscopic description, —In thin section the monzonite is 

equigranular, consisting of plagioclase (oligoclase Angg), orthoclase, 

and hornblende. Minor amounts of quartz w ere observed in some sec

tions, A ccessory m inerals a re  magnetite, ru tile , and apatite. Sericite 

is  found around the edges of some plagioclase.

Approximate percentages of the m inerals as estim ated from  

thin sections a re  as follows:

Percent

Plagioclase Angg 46 - 55

O rthoclase 35 -  45

Hornblende 8 - 1 7

Magnetite 2

Sericite T r

Rutile T r

Q uartz T r

Apatite T r

C oarse Granite

This rock, which covers over half of the thesis area , form s 

the northern slope of Agua Caliente Canyon and extends north through
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Chino Canyon to the desert floor. The intrusive body extends from  

Pete Mountain in the northwest corner of the a rea  to M adera Canyon.

The contact with the coarse quartz monzonite to the south is 

completely in ferred  and may rep resen t a gradational change in compo

sition. The placem ent of the in ferred  contact was based on wide

spaced sam ples taken from  both intrusive m asses . The contact with 

the fine-grained granite to the east is  exposed. Blocks of coarse

grained granite were found within the fine granite m ass, indicating the 

coarser m ateria l to be the older.

Schrader (1915, p. 58) describes th is granite m ass as being 

about 3 m iles wide, extending from  Stone Cabin Canyon southwestward 

to Agua Caliente Canyon. "In th is belt the granite form s m ost of the 

rugged w estern slope of the range and r is e s  to an elevation of 7,000 

feet near the axis. On the south it is  in contact principally with the 

intrusive quartz d iorite and quartz monzonite and faulted Paleozoic 

sed im en ts."

F ield appearance. —At lower elevations the granite has been 

subjected to extensive weathering, leaving brown rounded slopes. Most 

of the feldspars have been a ltered  to clay m inerals, leaving prominent 

quartz grains. Near the ridges the granite form s blocky rem nants cut 

by steep canyons following the joint system s.
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Megascopic descrip tion .—This coarse-grained  (2 to 4 mm) 

rock is  equigranular, consisting of bluish-pink and white feldspars and 

quartz in nearly  equal amounts. Occasional hornblende and magnetite 

grains are  observed. Some hand specim ens appear to contain m ore 

plagioclase, making it hard to distinguish from  specim ens of quartz 

monzonite to the south. The quartz is  glassy but near the surface is  

stained brown.

M icroscopic description. —In thin section the rock is equigran

u lar, consisting of quartz, orthoclase, perth ite, and plagioclase (andes- 

ine Angg). A ccessory m inerals p resen t are  m agnetite and traces  of 

zircon and tourm aline. M icroscopically the zircon and tourm aline have 

not been observed in the quartz monzonite. The grain size varies in the 

different sections, but the composition rem ains nearly the sam e. In 

severa l sections the rocks contained m ore plagioclase, and the ir com

position approached that of a quartz  monzonite.

Approximate percentages of the m inerals as estim ated from  

thin sections a re  as follows:

P ercen t

Q uartz 25

Plagioclase Ango 17

O rthoclase 30

M icroperthite 25



Percen t
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Magnetite 1

Biotite 3

Hornblende 1

Tourm aline T r

Zircon T r

Fine Granite

The fine-grained granite form s a high ridge west of M adera 

Canyon. Blocks of coarse-grained  granite were found incorporated in 

the finer intrusive indicating the la tte r to be younger. The contacts 

with the diorite and monzonite to the south a re  obscured by overburden. 

However, these contacts have been determ ined to within 25 yards.

F ield appearance. —This reddish-brow n to white intrusive 

rock form s m assive vertical walls to the east and steep talus slopes to 

the north and south. The rock  is  highly re s is tan t to weathering; how

ever, the drainage pattern  that cuts the granitoid re su lts  from  erosion 

along m ajor joints.

Megascopic descrip tion. —In hand specim en the yellow-brown 

rock appears to be composed alm ost entirely  of quartz with sm all 

amounts of orthoclase and mafic m inera ls. The orthoclase is partia lly  

broken down to clay m inera ls, but the rock rem ains intact because of
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the high concentration of vitreous quartz . The black m ineral consists 

of m agnetite. The texture of the rock  is  so fine that it could alm ost be 

considered aphanitic.

M icroscopic description. —In thin section this equigranular 

fine-grained granite is  observed to consist predominantly of quartz 

with sm aller amounts of orthoclase and plagioclase (oligoclase Angg). 

T races of biotite, hornblende, and magnetite have been observed. 

Sericite and clay m inerals w ere observed.

Approximate percentages of m inerals as estim ated from  thin 

sections a re  as follows:

Percen t

Q uartz 54

O rthoclase 28

P erth ite 3

Plagioclase Angg 13

M icrocline 2

Biotite 1

Hornblende T r

Magnetite T r
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Coarse Q uartz Monzonite

The intrusive body of coarse quartz monzonite occurs on the 

southern slope of Agua Caliente Canyon and the southern boundary of 

the thesis a rea .

The contact between th is rock and the Cretaceous shale to the 

west has been described by Anthony (1951) and Sulik (1957)„ Anthony 

sta tes (1951, p. 47): "Shales, along the northern portion of the quartz 

monzonite periphery a re  strongly bleached by solutions accompanying 

the igneous intrusion. Epidote is  abundant in the shales but not at a ll 

common in the quartz m onzonite."

The contact swings irreg u larly  from  Agua Caliente Canyon 

southward to Montosa Canyon. This rock was previously mapped by 

Schrader (1915, p. 62-64) as p a rt of the m assive quartz d iorite de

scribed  near Nogales.

F ield  appearance.—The coarse quartz  monzonite intrusive 

extends from  the Cretaceous red -bed  contact east to Mount Hopkins, 

The appearance of th is rock  is  very sim ilar to the granite m ass to the 

north. At lower elevations the rock is  highly weathered, leaving a 

coarse brown quartz sand on rounded slopes. R ising to the east much 

of the weathering followed the joint system , leaving blocky topographic 

form s and talus slopes. The high ridge that separates Agua Caliente 

Canyon from  Montosa Canyon is rugged and inaccessible in places.



Near the north -cen tra l portion of the quartz monzonite specularite is  

dissem inated in the rock.
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Megascopic description. —The rock is  coarse grained (2 to 4 

mm) and p resen ts a m ottled appearance of bluish pink, white, black, 

and green. The granitoid rock is  composed of glassy quartz, ortho- 

clase, and plagioclase with sm aller amounts of hornblende, biotite, 

and chlorite. Magnetite is  the predominant accessory m ineral.

M icroscopic description. —In thin section the rock is  equigran-s 

u la r, consisting of orthoclase, m icrocline, perthite, plagioclase (Angg), 

and traces  of hornblende, biotite, and chlorite. Occasional grains of 

magnetite w ere observed.

Approximate percentages of m inerals as estim ated from  thin 

sections a re  as follows:

M icrocline

P ercen t

5

Plagioclase Ango 17

P erth ite 50

Hornblende T r

Biotite 2

Q uartz 26

Magnetite T r
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M edium-Grained Q uartz Monzonite

This rock is  found in the w estern p a rt of Agua Caliente Canyon 

and form s a portion of the north bank. The in trusive has a c ircu lar 

plan that occupies a portion of the ridge that form s the southwestern 

slope of Chino Canyon. The quartz monzonite is  completely enclosed 

within the coarse granite m ass. ,

The contact with the co a rser m ateria l was obscured by talus 

and overburden; however, if th is rock  is  the sam e age as the medium- 

grained granodiorite found to the east, then it  is  younger than the gran

ite . The m edium -grained quartz  monzonite is  believed to be the youngest 

in trusive m ass in the a rea  with the exception of several large rhyolite 

porphyry dikes that intrude it.

F ield appearance. —In outcrop the quartz  monzonite has a s 

sumed the sam e rounded topographic form s as the coarser granite.

Near the surface, the feldspars have been readily  weathered to clay 

m inerals, leaving a  residual brownish quartz sand. The northern lim its 

of the quartz monzonite have been eroded by the Chino Canyon stream , 

leaving interm ittent vertical walls.

Megascopic description. —F resh  rock  is  medium grained (1 to 

2 mm) with a  m ottled appearance of white, pink, and greenish  dark 

brown. The equigranular in trusive is  predominantly composed of white
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and pink feldspars (which a re  read ily  reduced to clay m inerals), glassy 

quartz, and greenish-brown mafic m inerals. The mafic m inerals con

s is t of biotite, hornblende, and traces  of chlorite. The g rea test portion 

of the rock  consists of quartz. Magnetite is  the accessory  m ineral.

M icroscopic description. --In  thin section the rock  is  observed 

to be composed of equigranular grains of plagioclase (oligoclase Angg), 

orthoclase, quartz, and sm aller amounts of biotite and hornblende. 

T races of magnetite were observed.

Approximate percentages of m inerals as estim ated from  thin 

sections a re  as follows:

Biotite

P ercen t

2

Hornblende 1

Plagioclase Angg 27

O rthoclase 30

Q uartz 40

Magnetite Tr

M edium-Grained Granodiorite

The granodiorite in trusive is  located in the southeast corner of 

the thesis a rea . It contains the west fork of the M adera Canyon stream .
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The rock form s the ridge to the south that connects Mount Hopkins with 

Mount Wrightson.

The contact a rea  between the granodiorite and the coarse granite 

to the north was not observed because of talus and overburden. The 

contact between the granodiorite and the diorite, discussed ea rlie r , in

dicates intrusion of the granodiorite into the diorite . The extent of the 

m edium -grained granodiorite to the east is  not known.

F ield  appearance.—In outcrop the granodiorite is fairly  r e 

sis tan t to weathering. S tream  channels cut in th is rock  follow joints 

except in a reas  covered with talus and overburden.

Megascopic description. —The m edium -grained (2 mm) rock  

p resen ts a mottled appearance of brownish pink, white, and black. The 

equigranular in trusive is  composed predominantly of brownish-pink and 

white feldspar, glassy quartz, and sm aller amounts of mafic m inerals. 

Generally, they a re  sm aller than the other m inerals in the rock. 

Magnetite is  the accessory  m ineral.

M icroscopic description. —In thin section the rock is  observed 

to be composed of equigranular grains of plagioclase (oligoclase Angg), 

quartz, orthoclase, and sm aller amounts of biotite and hornblende. 

Sericite is  observed around the edges of some plagioclase and ortho

clase grains.
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Approximate percentages of m inerals as estim ated from  thin 

sections a re  as follows:

P ercen t

Biotite 5

Plagioclase Angg 30 - 40

Q uartz 30

Sericite 5 - 1 0

Orthoclase 10 - 20

Hornblende 1

Apatite T r

Hyper sthene Tr

Magnetite 1



GEOLOGIC HISTORY

The age of rocks of the Santa R ita batholith has been discussed 

in the lite ra tu re  and may range from  Precam brian  to post-C retaceous. 

However, m ost of the recen t work done in the a rea  indicates that the in

trusion of the batholith was during the Laram ide orogeny.

After reviewing papers by Anthony, Lutton, Alexis, Marvin, 

and Alberding it was evident that the Cretaceous red  beds and the 

Pennsylvanian-Perm ian lim estones may hold a  key to the age determ in

ation. It was found that the Cretaceous sedim ents dip away from  the 

batholith to the east and to the west. Schrader (1915) has w ritten that 

the sedim ents have form ed a breached anticline of which the core was 

the Santa R ita batholith.

Stocks of quartz monzonite were mapped by Anthony (1951, p.

35) and Sulik (1957), which intruded the lim estone. This caused the 

lim estone beds to dip away from  the intrusion and to be metam orphosed. 

Anthony (1951, p. 35) reco rd s: ’’Q uartz monzonite s ills  have intruded 

the Naco along the strike  of the beds a t the Glove claim s, proving that 

the quartz monzonite stocks intruded the lim estone ."

An actual contact between the sedim ents and the quartz monzonite 

was never seen by the author because of overburden concealment;

32
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however, the shale in the Cretaceous red  beds has been fractu red  and 

faulted. Many drag folds can be observed in the shale on a  fa irly  sm all 

scale. F rac tu res  in the shale have been altered  and had epidote de

posited in them. This could be caused by solutions accompanying the 

intrusive rocks. Anthony (1951, p. 35) s ta tes: ’’Solutions accompany

ing quartz monzonite s ills  in the Naco lim estone at the contact with the 

quartz monzonite stock have m ineralized fissu res  along the s ill edges. ”



ECONOMIC GEOLOGY

Probably the best general history concerning the mining camps 

in the Santa R ita Mountains and the ir economic m ineralization was 

w ritten by F rank Schrader (1915) during the tu rn  of the 20th century. 

While working in the Santa R ita Mountains, he found new prospects just 

being opened. The vigor of the m iners and the excitement of Schrader 

being in the a rea  probably aided the exaggeration of the wealth in 

M adera-Agua Caliente Canyons. At the p resen t tim e there is  little  

mining activity.

However, the M adera-Agua Caliente Canyons undoubtedly have 

a g rea ter potential of discovering economic m inerals than ever before.

The g rea test potential appears to lie in the west fork of M adera 

Canyon. The observed m ineralization is  associated with a shear zone 

60 feet wide and several hundred feet long trending N. 25° W. and 

dipping 80° N. An adit has been driven severa l hundred feet from  

which two ra ise s  have been driven, principally for ventilation. Iron 

gossans are  found on the surface near the adit. Ore m inerals found 

a re  molybdenite, galena, chalcopyrite, m alachite, and azurite . De

tailed geologic mapping and some drilling might revea l the extensions 

of this deposit.

34
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L esso rs have reopened the old C arrie  Nation property located 

on the west slope of M adera Canyon along the tra il  to Agua Caliente 

Canyon, The vein trends S, 65° W, and ranges from  1 to 4 feet wide; 

it contains m ostly pyrite  and galena. M alachite and azurite  stains a re  

also presen t. The fault has been explored by two open cuts at different 

levels. The extent and the value of the ore is  not known.

A specularite  deposit is  located on the south slope of Agua 

Caliente Canyon. It extends from  near the canyon floor to the ridge 

above. The m ineralization ranges from  10 to 100 feet wide and has 

been dissem inated in the coarse  quartz monzonite.

Molybdenite is  found in a  quartz  vein near the mouth of Agua 

Caliente Canyon. Specimens of sulfide m inerals in quartz gangue were 

found on the dump near an old flooded shaft. The molybdenite occurs 

in blebs throughout the quartz . What the possibilities a re  of th is be

coming a  la rger orebody at depth is  unknown.

Many of the prospects that a re  discussed by Schrader (1915) 

were not visited. Some have caved and become overgrown over the 

years , and the author could not locate them.



SUMMARY OF GEOLOGIC EVENTS

Even though the a rea  mapped rep resen ts  only a  sm all portion 

of the Santa R ita batholith, an attem pt will be made to sum m arize the 

geologic events that occurred  in the area* This will be done from  old

est to youngest events.

A. Deposition of Paleozoic sedim ents

1. . Pennsylvanian-Perm ian lim estone

B. Unconformity

C. Deposition of C retaceous red  beds

1. Shale

2. M etavolcanics

D. Intrusion of igneous rock  units (Laramide) 
with contemporaneous folding and faulting

1. D iorite

2. Monzonite

3. C oarse granite

4. Fine granite

5. C oarse quartz monzonite

6. Medium quartz monzonite

7. Medium granodiorite



8, Deformation of the sedim ents

9. Joint and fault system s caused by regional 
tectonics

E. Emplacement of dikes and sulfide m inerals

F , Erosion



CONCLUSION

With the tim e available and the inaccessibility of the a rea , 

only the m ost prom inent geologic features w ere noted.

The rocks to the north and south of the Agua Caliente Canyon 

were previously mapped by Schrader (1915) as  granite and quartz dio- 

r ite , respectively . The author found granite and quartz monzonite to 

the north and d iorite , monzonite, and quartz monzonite to the south of 

Agua Caliente Canyon. Dikes consisting of rhyolite, diorite , and 

quartz la tite  and quartz veins cut these rocks generally following the 

strike  of one of the joint se ts .

The joint system  mapped by Lutton (1958) was confirmed by 

additional mapping in the field and from  ae ria l photographs. The 

author believes that the joint system  was caused by vertical movement, 

making the north se t tension joints and the northeast, east, and north

west se ts  shear joints. L eft-la te ra l, th ru st, and norm al faults were 

mapped in M adera and Agua Caliente Canyons. Some of the norm al 

faults acted as channelways for the introduction of sulfide m inera liza- 

. tion.

Lead, copper, iron, and molybdenum values occurring in vein 

and dissem inated deposits w ere mapped in M adera, Chino, and Agua
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Caliente Canyons. Although the extent of these deposits is  not known, 

the author considers that several a reas  a re  favorable for future explora

tion.

The relation  of the batholith to the sedim ents near the mouth of 

Agua Caliente Canyon indicate that the intrusion occurred after the depo

sition of the Cretaceous red  beds, probably during the Laram ide orogeny.
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