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ABSTRACT

Jupiter Canyon is a south-trending drainage located in the 

southern Baboquivari Mountains approximately 27 km north of the Arizona- 

Sonora international border. Geochemical anomalies and hydrothermal 
alteration of Jupiter Canyon rocks suggest the possibility of the exis
tence of a porphyry molybdenum system at depth beneath the canyon sur
face. Lower Jurassic metaconglomerate and the Lower Jurassic Tinaja 
Spring Porphyry are the dominant lithologic types in the study area.
The geochemically anomalous zone, a center of brecciation and quartz 
veining, and intense hydrothermal alteration are cospatially located. 

Alteration mineralogy of rocks drilled to 165 m reveals a propylitic- 

phyllic assemblage. Several textural, geochemical, temporal, and al
teration features of Jupiter Canyon rocks conform to recent models of 
porphyry molybdenum systems. Uncertainty about the existence and the 
age of an intrusion at depth beneath the canyon floor prevents a defi
nite association of surface features with such an intrusion and thus 
with a porphyry molybdenum system.

xi



CHAPTER I

INTRODUCTION

Location

Jupiter Canyon is a south-trending drainage located in the 

southern Baboquivari Mountains approximately 27 km north of the Arizona- 
Sonora international border. The Baboquivari range, approximately 58 km 
long, is a north-south trending mountain belt whose northernmost limit 
is about 41 km southwest of Tucson (Figure 1). Jupiter Canyon is 
reached by traveling 54 km south from Robles Junction, Arizona then 
west onto a 13 km stretch of unimproved road which follows Shaffer 
Canyon to its eventual intersection with Jupiter Canyon. The road fol
lows a stream channel in Jupiter Canyon and continues to the northern 
terminus of the canyon (Figures 1,2).

The study area consists of approximately two square miles of 
moderately rugged mountainous land divided into eastern and western 
halves by Jupiter Canyon. Elevations in the map area range from 1343 m 
(4300 ft) to 1718 m (5500 ft). The study area is situated about 2.5 km 
southeast of Baboquivari Peak (2348 m), the highest peak in the range, 
and less than .4 km north of Mildred Peak (1697 m). The eastern bound

ary line of the Papago Indian Reservation, along the crest of the Babo
quivari Mountains, forms part of the western boundary of the map area.

1
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Robles Junction

--*•— .4
Tucson

10 km

Figure 1. Map Showing Setting of Jupiter Canyon Study Area, Baboquivari 
Mountains, Southern Arizona. —  After Haxel et al. (1980a).



Figure 2. Jupiter Canyon Study Area
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Climate and Biota

Jupiter Canyon lies within the Sonoran Desert and receives about 

38 cm of rainfall per year. Most of this rain occurs either in summer 
afternoon thundershowers or in steady winter rains. Streams in the area 
normally run only during these rainy periods. Flash-flooding is common 

during heavy summer rains.

Characteristic vegetation of the Jupiter Canyon area of the 
Baboquivari Mountains includes abundant prickly pear cactus, ocotillo, 
mesquite, palo verde trees, and amole. Only four saguaro cactus have 
been seen in the study area.

Abundant animal life has been observed in this part of the 
Baboquivari Mountains. Many jackrabbits, cottontail rabbits, ground 

squirrels, skunks, white-rtail deer, mule deer, Steller's jays, Gila 

woodpeckers, and a remarkable variety of butterflies and moths have been 
seen in the course of the field work. One mountain lion, a few species 
of rattlesnakes and garter snakes, and many types of lizards have also 
been observed.

Purpose of Study
The southern Baboquivari Mountains are of considerable geologic 

interest for several reasons. The region lies in a complex and contro
versial geologic setting with respect to the geologic evolution of the 
Southwest. Most of the rocks of the southern Baboquivaris are remnants 
of a Jurassic magmatic arc. This arc extended from Sonora and Chihuahua 
northwest to California. The Jurassic rocks of the Jupiter Canyon study 
area provide an opportunity to study a small part of the arc. A number 
of features of Jupiter Canyon are suggestive of the presence of a
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metalliferous hydrothermal system at depth. These include distinctive 

alteration suites, a molybdenum-fluorine-tungsten geochemical anomaly, 
and the presence of silicic intrusive rocks. These characterics have 

provided an economic impetus for the study. The purposes of this study 
were: (1) to assess the possibility of a hydrothermal system at depth
in Jupiter Canyon, and (2) to determine what its rocks reveal about the 

geologic history of the Baboquivari Mountains.

Methods of Study
The study area (Figure 2) has an area of approximately 5.5 km^. 

For this study, it was divided into two subareas, an eastern one (which 
hosts geochemically and structurally anomalous rocks mapped at a scale 

of 1:2400) and a western one (mapped at a scale of 1:6000). Detailed 

thin section petrography revealed petrologic and alteration differences 
in lithologic units. Fluid inclusion study of quartz veins was at
tempted but only extremely small inclusions, impossible to work on, were 
seen. X-ray diffraction analysis served to identify a number of miner
als found in the rocks of Jupiter Canyon.

Previous Work
The geology of the southern Baboquivari Mountains has been 

studied by Donald (1959), Fair (1965), and by Heindl and Fair (1965). 
Haxel et al. (1980a,b) and Haxel, May, and Tosdal (1982) have mapped 
the Baboquivari Mountains. Barbara Carroll of the Duval Corporation 

studied the geology of the Jupiter Canyon area during the summer of 
1980 (personal communication, 1980).



CHAPTER II

GEOLOGIC SETTING 

Introduction

Only recently has the rather complicated geology of the Babo- 

quivari Mountains been systematically mapped. Haxel, Tosdal, Wright, 
and May have mapped the Baboquivari Mountains during several field 
seasons from 1978-1982 (Haxel et al.1980a,b, 1982) (Figure 3). Haxel 

and others divide the Papago Indian Reservation and the adjacent eastern 
part of the Baboquivari Mountains into a northern and a southern ter- 

rane. The northern terrane is characterized by the presence of crystal
line Precambrian rocks overlain by younger Precambrian Apache Group 
rocks, in turn overlain by a Paleozoic sedimentary succession, and fi
nally by Mesozoic sedimentary and volcanic rocks. Late Cretaceous and 
early Tertiary granites and granodiorites, biotite, and/or hornblende
bearing, intrude all of these units (Haxel et al., 1980a).

Jupiter Canyon is a part of the southern terrane, characterized 
by: (1) a near absence of Precambrian rocks; (2) only very rare occur
rences of Paleozoic rocks; (3) a latest Cretaceous to early Tertiary re

gional metamorphic event, which affected Mesozoic sedimentary and 
volcanic rocks; (4) muscovite- and garnet-bearing plutons representing 
the Late Cretaceous-early Tertiary magmatic episode. Haxel and others 

divide rocks of the southern terrane into four broad units:
1) Lower Mesozoic supracrustal rocks older than to synchronous 

with Jurassic plutons.
6
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2) Middle and Late Jurassic plutonic rocks,

3) Upper Mesozoic supracrustal rocks postdating Jurassic plutonism,
4) Late Cretaceous and early Tertiary granitic rocks.

Of these four units, only the first two have representatives in Jupiter 

Canyon, and these will be described in more detail than the remaining 
two units.

Lower Mesozoic Supracrustal Rocks
Heindl and Fair (1965) described some of the Mesozoic rocks in

cluded in Haxel et al. (1980a) Lower Mesozoic supracrustal unit. Fresnel 
Canyon, the study area of Heindl and Fair, is located approximately 8 km 

northwest of Jupiter Canyon (Figure 1). Some of the units described by 
Heindl and Fair are exposed in the Jupiter Canyon area.

Heindl and Fair divided the Mesozoic section into four units, 
including the All Molina Metamorphic Complex, now the All Molina Forma
tion (Haxel et al., 1980a), the Pitoikam Formation, the Mulberry Wash 

Formation, and Chiuli Shaik Formation (Figure 4).

All Molina Formation
The All Molina Formation has been suggested by Haxel et al. 

(1980a) to be a "west-dipping and west-facing homoclinal sequence" in 
which metamorphic effects become more pronounced westward within the 

formation. The formation is assigned an Early Jurassic age of about 
190 m.y. based on U-Pb isotope analysis (Wright, Haxel, and May, 1981).

The Ali Molina Formation, approximately 500 m thick, is divided 
into four units. The uppermost unit is metaconglomerate "consisting of



Mafic
flews

Fresnel Canyon
Q Q a
V  a «

•  o — Oo o 0 0

Contreras
Conglomerate

• • v- v:;
Member

•  • • • •  •

Lower

:  :  : :  :  :
MemWr /

Chiuli
.Shaik
Formation

Volcanic
cenglomorate

Sandstone 
and siltstone

^ a  a
^ v/

M#t a conglomerate

Porphyry

Volcanic Hows 4 
ash flow tuffs

Rhyolitic flows

Mulberry Wash 
Formation

Jupiter Canyon

° e

Chiltepines
Member

\  Pitoikam 
/  Formation

~ mMm0> -  '— ► Mulberry Wash Formation

• e • I A

Pitoikam Formation, 
predominantly 
ChiltOpines Member

Tinaja Spring Porphyry

^ Ali Molina Formation 
or

metamorphosed 
Pitoikam Formation

Figure 4. Mesozoic Stratigraphy of Fresnel Canyon and of Jupiter 
Canyon. —  Fresnel Canyon Stratigraphy after Heindl and 
Fair (1965) and Haxel et al. (1980b).



10

well-rounded to metamorphically flattened pebbles and cobbles of quartz

ite and aphanitic and porphyritic, silicic to intermediate volcanic and 

hypabyssal rocks in a matrix of quartzofeldspathic schist or semischist" 

(Haxel et al., 1980b, map legend from Reconaissance Map of the Babo- 

quivari Rocks Quadrangle). The metaconglomerate is underlain by quartzo

feldspathic schist and epidotized sandstone, which is in turn underlain 
by rhyodacite flows, flow breccia, and welded tuff. The lowermost unit 
of the All Molina Formation is unfoliated to weakly foliated quartzite, 
micaceous quartzite, and tourmaline quartzite (Haxel et al., 1980b).

Pitoikam Formation

The Pitoikam Formation, approximately 3000 m thick, is in part 
younger than the All Molina Formation, though Haxel et al. (1980b) cor
related it with the upper part of the All Molina Formation. It is di

vided into three stratigraphic members. The uppermost member consists 
of brown to purple shale with interbeds of pebble conglomerate. It is 
underlain by a pebble to cobble conglomerate with lenticular sandstone 

and siltstone interbeds. The lowermost member consists of interbedded 
conglomerate, sandstone, and siltstone.

Mulberry Wash Formation
The Mulberry Wash Formation, also of Early Jurassic age 

(Wright, 1981), overlies the Pitoikam Formation and consists of five 
members. The formation is approximately 1000 m thick. The uppermost 
member is a series of interbedded latite porphyry flows and felsite, 
with flows and intrusions of andesite porphyry (Haxel et al., 1980b).
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Vesicular black flows occur at the base of this member. The uppermost 

member is underlain by rhyodacite volcanic conglomerate, sandstone, and 

breccia. This member is in turn underlain by rhyodacite porphyry flows. 

Underlying these flows is a member consisting of pebble to boulder con

glomerate and sandstone and breccia, "all composed largely of volcanic 
debris" (Haxel et al., 1982). The lowermost member is strongly altered 
dacitic or andesitic volcanic flows and flow breccia.

Chiuli Shaik Formation
The Chiuli Shaik Formation disconformably overlies the Mul

berry Wash Formation. It is of Jurassic or Cretaceous age (Haxel et 
al., 1980b). It consists of interlayered sedimentary and volcanic 
rocks. The Chiuli Shaik Formation consists of a lower unit of sedi

mentary rocks— conglomerate, mudflows, arkoses and limestones— and an 
upper unit of predominantly volcanic rocks— flows, andesitic breccias, 
and rhyolite tuffs.

Middle and Late Jurassic Plutonic Rocks
Rocks of this unit, though not present in Jupiter Canyon, make 

up much of the Quinlan and northern Baboquivari Mountains (Haxel et al., 
1980a), and many of the surrounding ranges. These plutons range in 
composition from alkali feldspar granite to diorite.

Upper Mesozoic Supracrustal Rocks

This unit, composed of sedimentary and subordinate volcanic
!

rocks, is not exposed in the Jupiter Canyon area. These rocks contain 
clasts of Middle or Late Jurassic plutonic rocks and are intruded by
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rocks of known or probable Late Cretaceous or early Tertiary age (Haxel 

et al., 1980a).

Late Cretaceous and Early Tertiary Granites 

Several ranges of the southern Papago terrane contain repre
sentatives of this regional unit. The largest such body underlies the 

Presumido Peak area approximately 10 km south of Jupiter Canyon. These 
granites commonly have one or more of the accessory minerals biotite, 
muscovite, and garnet but lack hornblende.

Intrusive rocks of Jurassic and Tertiary age do occur in Jupiter 
Canyon. These rock types do not readily fit into the four regional 
units of Haxel et al. (1980a) and will be described in more detail in 
the following chapter.

Metamorphism
Haxel et al. (1980a, p. 25) identify two major metamorphic 

events that affected parts of the southern Papago terrane: "Some areas
. . . have been affected by only the older metamorphic episode, others 
by only the younger episode, and some by both episodes." The two meta
morphic episodes appear to be temporally distinct in the southern Babo- 
quivari Mountains. The older of these events is a latest Cretaceous to 
earliest Tertiary regional metamorphism that affected the entire south- 

central and southwestern region of Arizona. The younger metamorphic 
event is of early to middle Tertiary age. It exhibits characteristics 

of "core complex" metamorphism (Davis, 1980). Haxel et al. (1980a) find



evidence of the core complex metamorphism in the southern Baboquivari 
Mountains in the form of brecciation and alteration along a detachment 

fault on the western side of the southern Baboquivari Mountains.

Regional Structural Characteristics 

The Baboquivari Mountains, as well as several other mountain 

ranges in the southern Papago Indian Reservation, contain Late Creta
ceous to early Tertiary thrust faults. A major west-dipping thrust 
fault on the western side of the southern Baboquivaris is one of these. 
Haxel et al. (in press) and Drewes (1983) hypothesize the existence of 
a regional thrust fault of late Cretaceous to early Tertiary age. The 
numerous thrust faults exposed in the southern Papago Indian Reservation 
are believed to be segments of the same large upper plate of this thrust. 

The eastern Baboquivari Mountains are within the lower, autochthonous 
plate of this hypothetical thrust.

13



CHAPTER III

GEOLOGY OF JUPITER CANYON 

Introduction

The rocks of Jupiter Canyon display primary characteristics and 
the effects of both metamorphism and hydrothermal alteration. Though 
the following lithologic descriptions discuss only the mineralogy and 
texture of the rocks, some genetic implications are unavoidably includ
ed, especially of the alteration minerals, which will be discussed at 
length in Chapter IV. Visual estimates of percentages of modal composi

tions of rock units of Jupiter Canyon appear in Table 1.

Jurassic Metaconglomerate
Approximately one-third of the study area is composed of Lower 

Jurassic metaconglomerate. This unit is believed to be correlative with 
part of the All Molina Formation north of Jupiter Canyon. In its least 

metamorphosed and altered state, the metaconglomerate consists of 
slightly angular pebbles, cobbles, and boulders of a variety of litho

logic types in a largely volcanic matrix. Three depositional subgroups, 
based on primary depositional variations in lithology and abundance of 
clasts, have been identified. Secondary hydrothermal alteration and 
metamorphism have considerably obscured primary depositional character
istics of the Lower Jurassic metaconglomerate, including pebble sizes 

and shapes.
14
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Table 1. Modal Compositions (Weight Percent) of Rocks of the 
__________Jupiter Canyon Area._______________________________

Hbl Qtz Flag Ksp Chi Ser Hem Py Bt
Tinaja Spring Porphyry
(surface) 30 20 5 1 30 10 3
Tinaja Spring Porphyry 50-
(drill core) 60 10 10 20 10 30
Tinaja Spring Porphyry 20- 10-
(contact zone with Jmc) 40 40
Tinaja Spring Porphyry 50-
(biotite-bearing) 70 10 20 20
Pink Porphyry 20 20 50 5 5
Diorite 20 5 20 50
Allison Camp Rhyolite 10- 60-

20 70 20
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Jurassic metaconglomerate extends south for several miles from 

the Jupiter Canyon study area (Haxel et al., 1982). It is increasingly 

metamorphosed to the south, ultimately becoming a flattened-pebble con
glomerate (G. B. Haxel and R. M. Tosdal, personal communication, 1981). 

It also extends northward for several miles along a major northeast- 
southwest fault system defined by Haxel et al. (1980b).

Jcm^— Heterogeneous Clast-rich Metaconglomerate
This facies of the metaconglomerate is characterized by abundant 

pebbles, cobbles, and boulders of several rock types in a felsic volcan
ic matrix (Figure 5). This facies of the metaconglomerate is composed 
of Subequal amounts of clasts and matrix. Clasts include granite, 

quartzite, schist, gneiss, sandstone, and tuff. The matrix is composed 
almost entirely of quartz, euhedral plagioclase feldspar crystals, and 

metamorphic muscovite. The matrix displays a weak foliation defined by 
alignment of muscovite flakes and a slight preferred orientation of 
clasts. This foliation commonly strikes N65-75°E and dips 55-65°W.

Metamorphic Textures of Jcm^. The Jurassic metaconglomerate of 
unit Jcm^ appears to have undergone a second metamorphism near the 
southern border of the western half of the study area. This second 
metamorphic event involved both textural and mineralogic changes. In
tensity of metamorphism varies within this zone. A weak second meta
morphism is characterized by "welding" of clasts into the volcanic 

matrix, so that the rocks, when struck, break across clasts rather than 
around them. Stronger metamorphism of the metaconglomerate is charac
terized by elongation and flattening of clasts parallel to foliation.
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Figure 5. Jurassic Metaconglomerate, Jcm^ Outcrop View.
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imparting a gneissic texture. Clasts in very strongly metamorphosed 
conglomerate are not readily discernible from the matrix. Muscovite 

content of the metaconglomerate increases with intensity of metamorphism. 

Chlorite occurs locally in areas of moderate to strong metamorphism.

Hydrothermal alteration is apparent coincidental with meta
morphism in the zone of intense second metamorphism. Circulation of 
hydrothermal fluids is indicated by the presence of stock-like quartz 
veining, the pyrite necessary for iron-oxide staining, and several min- 
eralogic changes. The cause of this rather localized strong metamorphism 
and alteration is obscure. Proximity to the Gold Bullion quartz vein 
system explains the hydrothermal activity but provides no stress system 
strong enough to cause the extensive metamorphic textural changes. The 

zone borders a major east-west fault to the south (Haxel et al., 1982). 

The foliated textures described above seem unlikely to be related to 
such a fault.

Jcmg-Clast-poor Quartzite 
Pebble Metaconglomerate

This metaconglomerate facies crops out in the northeastern part 

of the study area. This metaconglomerate is characterized by a very low 
clast:matrix ratio. Virtually all clasts in this facies are quartzite, 
though a few tuffaceous clasts have been observed. The matrix has un
dergone pervasive alteration to chlorite and quartz. Chlorite composes 
more than half of the matrix of most of this metaconglomerate, and 
quartz much of the remaining half. Muscovite is not nearly as prevalent 

as it is in the Jcm^ unit. A weak foliation is defined by the
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orientation of chlorite flakes. The intense chloritization and silici- 
fication appear to be related to the proximity of this facies to a 

fault zone (Figure 6, in pocket).

Jcmg-Pebble-rich Metaconglomerate

Metaconglomerate of unit Jcmg grades southward into a pebble- 
rich metaconglomerate (Figure 6). The size, composition, and abundance 
of clasts change markedly. Clasts in unit Jcm^ are primarily.of pebble 
size (to 2 cm diameter), though a few cobbles reach 4 cm diameter.
These clasts are almost entirely latitic volcanic rocks and, less com
monly, quartzite. The clast:matrix ratio in this facies is higher than 
in the other two facies.

The chloritic rocks of Jcn^ grade northward into darker gray, 

less hydrothermally altered rocks of Jcmg, especially along fractures. 
Silicification is less pervasive south from Jcn^ outcrops into those of 
Jcmg. In the matrix of unit Jcm^, sericite is a common alteration 
product along quartz veins and as an alteration product of plagioclase. 

Except for northernmost outcrops of Jcmg, the matrix of this unit is 
pervasively iron-stained. Pebbles are less affected by this staining, 
imparting a mottled appearance to these rocks on fresh surfaces. The 

iron staining of this unit may be a result of proximity to major faults 
and to an intrusive contact.

Rhyolite Flow
A small outcrop of a rhyolite flow occurs in the eastern half 

of the study area, near the Jcn^-Jcm^ facies transition. This rock ex
hibits large isoclinal folds (Figure 7). Flow banding is defined by
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Figure 7. Boulder from Outcrop of Rhyolite Flow.
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white pods elongated parallel to the flow direction. Commonly these 

pods appear to be stretched out end to end, forming a continuous band. 
Spherulites, visible in thin section, provide evidence that this unit is 

a volcanic flow rather than a highly deformed sedimentary rock. The 

flow is composed of very fine-grained quartz and minor feldspar.

Pitoikam Formation
In Jupiter Canyon, Lower Jurassic metaconglomerate is in fault 

contact with unmetamorphosed sediments of the Chiltepines member of the 
Jurassic Pitoikam Formation (Haxel et al., 1982). The Chiltepines Mem
ber is approximately 125 m thick in Jupiter Canyon. It is partially ̂ 
faulted off in Jupiter Canyon by the fault which forms its lower contact 

with the Jurassic metaconglomerate.
A 46 m-thick arkosic shale unit is at the base of the sequence 

with a few 2 to 5 cm-thick interbeds of pebbly conglomerate (Figure 8). 
Pebbles within the conglomerate consist of quartz, mudstone, sandstone, 
and, rarely, jasper. The remaining 79 m of the Chiltepines Member is 

interbedded brown sandstone and shale. Sandstone beds are thick, mas

sive, and slightly arkosic. The units strike approximately N40°E and 
dip approximately 40°NW.

Mulberry Wash Formation -t
The Pitoikam Formation is conformably overlain by the Lower 

Jurassic Mulberry Wash Formation in Jupiter Canyon. The Mulberry Wash 
Formation forms the top of the main ridge of the Baboquivari Mountains. 
Approximately 250 m of the Mulberry Wash Formation is exposed in 
Jupiter Canyon. The lower 180 m of the formation is red to brown
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Figure 8. Sample of Conglomerate Bed Which Occurs within the Chilte- 
pines Member of the Pitoikam Formation.
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plagioclase-phyric andesite. It is overlain by 70 m of distinctive 

boulder conglomerate with a red matrix (Figure 9). The red matrix ap

pears to have both a sedimentary and a volcanic component; boulders are 
primarily tuffaceous.

Tinaja Spring Porphyry

The Tinaja Spring Porphyry is an important lithologic type of 
the Jupiter Canyon region. It is of Early Jurassic age, approximately 
190-200 m.y. old (J. E. Wright, personal communication, 1982). The 

Tinaja Spring Porphyry intrudes the Jurassic metaconglomerate. Inclu
sions of metaconglomerate are common within the Tinaja Spring Porphyry 
near its contact with the metaconglomerate.

Primary igneous characteristics of the Tinaja Spring Porphyry 

appear to vary throughout the study area. However, it has been exten

sively altered, rendering the distinction between primary intrusive and 
secondary characteristics often difficult to make. Because of this, 
the appearance and composition of the Tinaja Spring Porphyry varies 
considerably. Compositional variations are due largely to variations 
in hydrothermal mineralogy. Among these minerals are chlorite, hema

tite, and sericite (fine-grained white mica). The paragenesis and oc
currence of these alteration minerals will be discussed at length in 
Chapter IV.

The best exposure of the Tinaja Spring Porphyry is in a major 

stream channel near the western contact of the porphyry with metacon
glomerate (Figure 5). Here the porphyry unit is a gray fine-grained, 
porphyritic granodiorite (Figure 10) with phenocrysts of quartz, pla- 

gioclase, and minor potassium feldspar. The groundmass is very



Figure 9. Sample of Upper Conglomeratic Unit of Mulberry Wash 
Formation.
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Figure 10. Outcrop View of Tinaja Spring Porphyry.
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fine-grained and is composed mostly of secondary quartz with a very few 

feldspar crystals, averaging 75-125 pm in length. Phenocrysts are up to 

3700 pm in width. Sericite is very common along feldspar phenocryst 
grain boundaries and throughout the groundmass. Both quartz phenocrysts 

and quartz crystals in the groundmass are strained. Chlorite, when 

present, is normally confined to small veins, although it locally forms 
fine flakes in the groundmass. Clay minerals, when present, usually 
border feldspar crystals.

Subsurface Appearance of 
the Tinaja Spring Porphyry

The opportunity to examine samples of the Tinaja Spring Porphyry 
that have not been affected by surface weathering was afforded by a 

150 m exploration hole drilled by the Duval Corporation in February, 
1981. Briefly, the core is, throughout its entire depth, composed of 

Tinaja Spring Porphyry. It has a somewhat different mineralogy than 

exposures of Tinaja Spring Porphyry found on the surface. Because vein 
relations in the core permit the determination of a paragenetic sequence 

of mineral phases, these mineralogic differences will be discussed at 
length in the chapter on alteration. The most striking of these differ
ences is an abundance of chlorite in the drill core, which, along with 
sericite, causes the porphyry in hand specimen to have a green, rather 
than a gray or leached tan color. It is suggested that the relative 
lack of chlorite in surface exposures might be a result of the altera

tion of chlorite to clay under surface weathering conditions.



Appearance of the Tinaja Spring 
Porphyry near the Contact with Jem

The Tinaj a Spring Porphyry is in either fault or intrusive con

tact with the Jurassic metaconglomerate on the west side of the study 
area. An intrusive contact is suggested in view of the fact that the 

Tinaja Spring Porphyry appears to include several pendants of Jurassic 
metaconglomerate. Throughout the contact zone, the Tinaja Spring Por
phyry is pervasively iron oxide stained and contains abundant megascopic 

flakes (to 3 mm in length) of muscovite.
Both rocks are silicified in the contact zone. Additionally, 

within this zone the groundmass:phenocryst ratio of the Tinaj a Spring 
Porphyry is very high. These characteristics support an intrusive 
rather than a fault contact between the Tinaj a Spring Porphyry and the 

Jurassic metaconglomerate. The fine-grained nature of the Tinaja Spring 
Porphyry in the contact zone is suggestive of a chilled contact. This 
is evidence for an intrusive rather than a fault contact between the 

Tinaj a Spring Porphyry and the Jurassic metaconglomerate.

Biotite-bearing Tinaja Spring Porphyry
The Tinaja Spring Porphyry on the eastern border of the study 

area is slightly different than that of the central part of the study 

area in that it has a much higher plagioclase:potassium feldspar ratio. 
Additionally, samples from the eastern border area contain remanent 
biotite. These biotites are often shreddy and slightly oxidized, im
parting a brown stain to hand samples of this facies. Though these 
characteristics suggest that the rocks have undergone some hydrothermal
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alteration, there is no evidence that this biotite is secondary. Large 

feldspar crystals exhibiting perthitic textures are confined to this 
subarea. Large microcline crystals exhibiting tartan twinning are also 

common. While sericite is visible microscopically, in the groundmass 
and forming selvages of feldspar crystals, muscovite visible in hand 

specimen is rare.

Pink Porphyry
One small outcrop of a holocrystalline, granitic intrusion oc

curs near the contact of the Tinaja Spring Porphyry with the metacon

glomerate. This porphyry is referred to as the "pink porphyry" because 
in hand specimen it is pink, due to microscopic potassium feldspar 

crystals in the groundmass. Phenocrysts are quartz, plagioclase, and 
potassium feldspar, with a whole rock plagioclase:potassium feldspar 
ratio of approximately 3:7. Matrix grains are commonly 50-150 pm long; 
phenocrysts are up to 7200 pm long.

The pink porphyry appears to be silicified. Secondary quartz 
is evident in thin section. Chlorite occurs as fine veins and as spotty 

groundmass flakes. Because alteration from another mineral to potassium 
feldspar has not been observed in thin section, the abundant potassium 
feldspar in the groundmass is not believed to be an alteration product.

The pink porphyry intrudes the Tinaj a Spring Porphyry, as evi
denced by a distinct breccia zone which occurs around the periphery of 

the pink porphyry, along its contact with the Tinaja Spring Porphyry.
The only age constraint on the pink porphyry, thus, is that it 

must be younger than the Tinaj a Spring Porphyry. It is somewhat similar
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to the Baboquivari Peak Granite which crops out only about 2.5 km from 

the site of the pink porphyry in Jupiter Canyon. Because of its central 

location in terms of hydrothermal alteration, brecciation, and geochem
ical anomalies, the pink porphyry is important in assessing the economic 
potential of the study area, and will be discussed at length in later 

chapters.

Diorite

Rocks in the eastern part of the Jupiter Canyon area are in
truded in several localities by dioritic pods and lenses. This diorite 
cuts the Tinaja Spring Porphyry in several places and has also been ob
served in probable intrusive contact with the Jurassic metaconglomerate. 
The diorite is a uniformly medium-grained, phaneritic, holocrystalline 

rock composed of plagioclase, hornblende, chlorite, and minor quartz 
(approximately 5%) (Table 1). In all occurrences observed microscopic
ally, abundant hematite is associated with the quartz and chlorite. 

Quartz grains are commonly strained and show undulatory extinction.
The diorite does not appear to have undergone the intense si- 

licification and sericitization that affected the metaconglomerate and 
the Tinaja Spring Porphyry, implying that it is younger than the alter
ation event(s). Hazel et al. (1982) have assigned a Tertiary age to 

the diorite. Weathering reduces diorite outcrops to distinctive 
orange-red grainy soil. In outcrop of diorite in some parts of the 

study area, mafic minerals are largely weathered leaving a skeletal 
rock. The diorite commonly forms saddles in ridges. In some areas, 
the diorite weathers sphereidally to form rounded blocks.
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Mafic Dikes
Isolated, discontinuous outcrops of basaltic dikes are found 

throughout the study area. These dikes are commonly 10-50 cm wide and 

no more than a few meters in length (Figure 11). It is impossible to 
determine if outcrops of the dikes were once continuous or if the dikes 

were intruded in small scattered patches throughout the canyon.
In hand specimen the basaltic dikes are aphanitic and black on 

fresh surfaces and weather green-brown. Microscopically, the matrix 

consists of very fine-grained opaque material and minute plagioclase 
laths (Figure 11). Chloritic aggregates are scattered through the ma
trix and usually surround opaque material. Pyrite occurs in some dikes. 
Some of this pyrite is unoxidized, unlike the pyrite found in any other 

lithologic units exposed at the surface in the Jupiter Canyon area.
Similar basaltic dikes occur throughout the southern Baboquivari 

Mountains. Haxel describes them as a "swarm of lamprophyric to dioritic 
dikes" (personal communication, 1981). In the Jupiter Canyon area, they 
are often spatially associated with the Tertiary diorite, suggesting 
that both are perhaps derived from a common magma.

Basaltic dikes cut most lithologic types in Jupiter Canyon.
They are cut by, and are thus older than, Allison Camp rhyolite dikes. 
Like the diorite dikes and the Allison Camp dikes, the basaltic dikes 
appear to be unaffected by the hydrothermal alteration of the Jurassic 
rocks. Haxel et al. (1980b) have assigned the basaltic dikes a Ter

tiary age.



B. Tertiary lamprophyric dike. Photomicrograph, crossed polars. 
Dark bleb is accumulation of chlorite.

Figure 11. Tertiary Lamprophyric Dikes.
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Allison Camp Rhyolite Porphyry Dikes 

Rhyolite dikes of the Allison Camp Formation are a prominent 

feature of the Jupiter Canyon area (Figure 12). They are extremely 
resistant to erosion and stand as the most striking geologic and topo

graphic landforms in the area. These dikes locally form cliff faces 
with the topographic level at the top of the dikes on one side and 
dropped on the order of 10-100 m below that level on the other side.
In other instances, Allison Camp dikes stand as resistant walls, up to 
30 m high, jutting through more readily eroded surrounding terrain.

These dikes are commonly 3-7 m wide and consistently trend east-west and 
north-south.

In hand specimen, Allison Camp rhyolite consists of an aplitic 
silicic groundmass with scattered large phenocrysts of plagioclase and 
quartz (Figure 12). Fresh dike surfaces are pink to red. In thin sec

tion the matrix is composed almost entirely of plagioclase laths with 

abundant muscovite (Figure 13) and very minor calcite. Quartz and pla
gioclase phenocrysts are unstrained. Hematite pseudomorphs after pyrite 

are common. Flow banding is present in some Allison Camp dikes.

Structural Geology of the Jupiter Canyon Area

Faults
Two major faults cut the study area (Figure 14, in pocket). The 

first, identified by Haxel et al. (1980b), trends roughly east-west and 
is the southern boundary of the study area. It is believed to be a 
high-angle normal fault with a subordinate lateral component. Jurassic
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A. Allison Camp rhyolite dike "wall."

B. Outcrop view of Allison Camp rhyolite dike.

Figure 12. Allison Camp rhyolite dikes: outcrop views.



A. Crossed polars.

B . Same view, uncrossed polars.

Figure 13. Quartz Phenocrysts in Plagioclase-muscovite Groundmass, 
Allison Camp Formation.
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metaconglomerate occurs on both sides of the fault. The metaconglomer
ate on the north side of the fault, which hosts the Gold Bullion Mine, 

is metamorphosed and hydrothermally altered. The metaconglomerate bor

dering the fault on its southern dike is only slightly metamorphosed. 
South of the fault, metamorphic grade generally increases southward into 
the southern Baboquivari Mountains.

The second fault, apparently a normal fault, places unmetamor
phosed sedimentary rocks of the Pitoikam Formation on the west against 
Jurassic metaconglomerate on the east. The fault trends southwest- 
northeast and becomes obscured by alluvial cover to the northeast. This 

fault apparently predates the intrusion of Allison Camp rhyolite dikes, 

because the dikes appear not to be offset by the fault.
Several minor faults and shear zones are recognizable in Jupiter 

Canyon. Minor faults are often cospatial with intense hydrothermal al
teration and brecciation. Little vertical or horizontal displacement 
appears to have occurred along these faults.

Breccia Zones

Regions of brecciated Lower Jurassic Tinaja Spring Porphyry and 
metaconglomerate occur in Jupiter Canyon. The largest of these brecci
ated zones occurs in an area of metaconglomerate and porphyry outcrop 
near the contact between these units (Figure 6, in pocket). This zone 

is characterized by outcrops that are heavily fractured, highly silici- 

fied, and densely quartz veined. An Allison Camp rhyolite dike cutting 
the zone is unusually strongly fractured. Contacts between brecciated 

rocks and surrounding rocks are not exposed.
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In addition to brecciated regions on the surface, small brecci- 

ated zones are common in the drill core of the Tinaja Spring Porphyry. 

The drill hole is located approximately 300 m southwest of the major 

surface brecciated region described above. Six zones of brecciation oc
cur in the 150 m length of drill core. These zones range in thickness 

from several centimeters to 2 m. Brecciated drill core consists of un
rotated chunks of Tinaja Spring Porphyry in a chloritic matrix. These 
brecciated zones grade into porphyry cut by chloritic fractures. This 
texture is best termed a crackle breccia because of the lack of rotation 
of clasts and because the breccia grades into heavily fractured rock.

Quartz Veins

Quartz veins are very common in Jupiter Canyon. Although not 
confined to any lithologic units, they are concentrated near intrusive 
contacts and within brecciated areas. The veins range from a few mil
limeters to approximately three meters in thickness. They are almost 
all composed of milky, microfractured quartz, sometimes associated with 
tourmaline. A rose diagram depicting the strikes of all quartz veins 
measured in the study region reveals no well-defined preferred orienta
tion of the veins, though there is a slight clustering in the N80-90°E 

direction (Figure 15). Porphyry from the drill core is extensively 
quartz veined and, due to lack of weathering, displays best the place of 

quartz veins in the paragenesis of vein-filling mineral phases in Jupi
ter Canyon. The age relations and paragenesis of the minerals are im
portant with regard to the sequence of mineralization and will be 
discussed at length in the following chapter.
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Figure 15. Stereonet Plot of Poles to Quartz Veins in Jupiter Canyon.



CHAPTER IV

ALTERATION

Introduction

Most rocks exposed in Jupiter Canyon are highly altered. Alter
ation representing the effects of hydrothermal activity is difficult to 
distinguish from that due to surface weathering and from localized meta
morphism. Alteration and/or metamorphism in some instances results in 
difficulty in distinguishing one lithologic type from another. A 150 m- 
deep diamond drill hole completed by the Duval Corporation in January- 
February, 1981, as well as dump material from deep shafts in Jupiter 

Canyon, have permitted the examination of the Tinaja Spring Porphyry 
free of the effects of surface alteration. The drill core shows that 
common primary alteration minerals are calcite, chlorite, sericite, py- 

rite, quartz, and hematite. Surface exposures of all Jurassic litho
logic units host secondary fine-grained muscovite (sericite), intense 
silicification, quartz veining, and oxidized pyrite boxworks. Chlorite 

alteration occurs locally in surface outcrop associated with fault 
zones and shearing. Alteration effects of various lithologic units will 

be described following a detailed explanation of paragenesis of altera
tion minerals seen in the drill core.
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Hydrothermal Alteration

Tinaja Spring Porphyry

Paragenetic relations between quartz, pyrite, sericite, chlor
ite, and calcite are not apparent in the drill core. Only three thin 
sections provide some evidence on the sequence of formation of these 
minerals. It is worthwhile to examine closely the three thin sections 
which exhibit some sequential mineralization episodes and to tenta

tively draw some conclusions from them. Each of the three thin sections 
will be discussed separately, then paragenetic conclusions concerning 
alteration minerals will be made.

Thin Section iH— 91 m. A thin section taken from drill core 
91 m below the surface displays one paragenetic relationship of altera
tion minerals. In the thin section a quartz vein is bordered by pyrite. 
The vein hosts an inclusion of pyrite. This pyrite inclusion is par

tially surrounded by calcite and chlorite (Figure 16). In addition, 
chlorite, calcite, and sericite occur as a filling between quartz crys

tals within the vein, though they do not occur with one another in those 
places. These spatial relations suggest that pyrite was the first min
eral to be deposited, to form a selvage along the fracture. Next (or 

concurrently) quartz was deposited as a vein filling. Finally, seri
cite, calcite, and chlorite were deposited within open spaces between 

quartz vein crystals.
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Figure 16. Photomicrograph of Thin Section #1 Showing Pyrite, Quartz, 
Calcite, and Chlorite Paragenetic Relationship.
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Thin Section #2— 106 m. Another paragenetic relation can be ob

served in a thin section taken from drill core 106 m below the surface 
(Figure 17). In this thin section, terminated quartz crystals project 

inward from a chlorite-selvaged fracture. Calcite fills in the frac
tures around the quartz crystals. Thus, from the host rock to the cen
ter of the vein, minerals seen are: first chlorite, then quartz, and

finally calcite. The vein crosscuts a smaller chlorite-quartz vein.
The relations within the chlorite-quartz-calcite vein suggest that ei
ther chlorite and quartz were deposited synchronously, or that the 

chlorite was deposited before the quartz. It seems possible that the 

same chlorite-quartz episode could be represented by both veins and 
that the later, crosscutting vein, represents later fracturing under 
the same fluid chemistry conditions. These vein relations clearly sug
gest that calcite deposition follows quartz and chlorite deposition.

Thin Section #3— 127 m. A third thin section from a depth of 
127 m displays a calcite vein with chlorite selvages in which is in
cluded a lens of quartz. This relationship suggests a third generation 
of quartz, later than calcite and chlorite deposition.

Summary: Paragenetic Relations Shown in Tinaja Spring Porphyry
Veins. One possible paragenetic sequence can be determined for the 

minerals pyrite, quartz, calcite, chlorite, and sericite, based on the 

vein relations described above. Thin section #1 indicates that pyrite 
was the first vein mineral to be deposited. Quartz followed it and 

chlorite, sericite, and calcite were deposited later, although in this
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A. Crossed polars. Note: Dark inclusions along edge of quartz crystal
are not chlorite.

B. Same view, uncrossed polars.

Figure 17. Photomicrographs of Thin Section #2 Illustrating Paragenetic 
Sequence Chlorite-quartz-calcite.
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thin section, the sequence of deposition of the latter three are inde

terminate. Thin section #2 helps to determine whether calcite or chlor

ite was the first mineral to be deposited. In it, chlorite forms a vein 

selvage, and thus is taken to be the first vein mineral deposited or to 

have been deposited synchronously with the vein fillings. Chlorite is 
followed by quartz and finally by calcite. The quartz in this vein is 
believed to be of a later generation than that of the first vein. Fi- 

nally, in the third thin section a calcite-chlorite vein (presumably of 
the same generation as the calcite and chlorite in the second thin sec
tion) hosts an inclusion of quartz. This quartz may be a third quartz 
generation and the final mineral to be deposited. It is unclear from 
any vein relation exactly when sericite was deposited in relation to 
chlorite and calcite. It is suggested only to have been deposited after 
the first generation of quartz. The possible association of pyrite and 

quartz, and possibly of sericite, and that of chlorite, quartz, and 

calcite suggests that a "phyllic" alteration event may have been fol
lowed by a "propylitic" alteration event. Figure 18 summarizes the 

paragenetic sequence observed in veins in the drill core.

Jurassic Metaconglomerate
The Jurassic metaconglomerate has undergone both hydrothermal 

alteration and metamorphism in Jupiter Canyon. However, metamorphism 

and some types of hydrothermal alteration are limited to structurally 

distinct areas. The metaconglomerate is extensively affected by chlor
ite alteration in the northern part of the study area. In this zone a 

major east-west trending fault intersects,areas of dense Jmc outcrop.
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Figure 18. Paragenetic Sequence of Alteration Minerals in Drill Core 
of Tinaja Spring Porphyry.
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As noted above, chlorite alteration has been noted on the surface only 

in regions of faulting. The Jurassic metaconglomerate in this region is 

highly silicified, pervasively chloritized, and heavily quartz veined.

In addition, localized bright orange surface covering of iron oxide dots 
the region. Pebbles are largely absent in the metaconglomerate in this 

region, except for a few of quartzite composition. The Jurassic metacon
glomerate is composed mostly of only quartz and chlorite in this faulted 
zone. Calcite has not been identified in the faulted chloritized zone.

Dump rock from one deep shaft and from the Jupiter Mine is 
chloritically altered. A shaft on a major fault in the saddle of one 
ridge (Figure 19, in pocket) is surrounded by chloritically altered dump 
material. The location of the shaft corresponds very closely- with the 
fault contact between Jurassic metaconglomerate and Tinaja Spring Por
phyry. Chloritically altered metaconglomerate has also been observed 

in dump material from the Jupiter Mine, which is located near the con
tact between metaconglomerate and diorite. This altered metaconglom
erate is compositionally and texturally similar to other chlorite- 

calcite altered metaconglomerate near faults.

Surface Alteration
Pervasive surface clay lateration and silicification is appar

ent in most rock types in Jupiter Canyon. Secondary hydrothermal mus

covite, often too coarse grained to be called sericite, is particularly 

abundant in the Tinaja Spring Porphyry, primarily near its contact with 
the Jurassic metaconglomerate. Clay minerals have replaced plagioclase 

and potassium feldspar grains in surface exposures of the Tinaj a Spring
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Porphyry, the metaconglomerate, and in the Allison Camp rhyolite dikes. 

In both the Tinaja Spring Porphyry and in the metaconglomerate, plagio- 

clase and potassium feldspar are commonly very nearly entirely replaced 
by clay minerals, so that only a suggestion of the original crystal re
mains (Figure 20). The groundmass of both rocks consists only of micro

scopically visible, possibly secondary quartz and extremely fine, barely 
visible muscovite. Such extreme clay alteration and silicification, 
along with localized metamorphism, possibly superimposed on hydrothermal 
alteration, makes it difficult in some instances to distinguish metacon
glomerate from Tinaja Spring Porphyry, particularly in regions of ex

tensive hydrothermal alteration. It is suspected that the chlorite- 
calcite alteration which may have affected all rocks in the canyon, at 
least near its center, may be overprinted in surface outcrop by exten

sive clay alteration, particularly of feldspars, due to surface weather
ing. Hydrothermally produced chlorite is believed to have been altered 

to clay as a result of weathering. Thus, the impression one receives 
from looking at surface exposures in Jupiter Canyon is of a paucity of 
propylitic minerals, though in reality a large part of the area may have 

been propylitically altered at depth.
The Tertiary diorite, composed primarily of plagioclase, horn

blende, and biotite, is also susceptible to surface weathering. Under 

surface weathering conditions, plagioclase in the diorite alters to clay 

minerals, and biotite to chlorite and thence to orange iron oxide. The 

rock is very incompetent when weathered and altered and readily crumbles 
to a bright orange grainy soil.
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Figure 20. Photomicrograph of Sericitically-altered Plagioclase Crystal 
from Jurassic Metaconglomerate. —  Crossed polars.
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Minerals characteristic of the quartz-sericite-pyrite alteration 

assemblage identified in the drill hole into the Tinaja Spring Porphyry 

are identifiable in surface outcrop. The former presence of pyrite is 
suggested from boxworks, which are abundant in the Tinaja Spring Por

phyry. Secondary quartz and quartz veining are present throughout the 
area. If present, hydrothermal sericite is indistinguishable from clays 
which are products of weathering.



CHAPTER V

ECONOMIC GEOLOGY 

Mining History
Two noteworthy mines and more than 20 minor adits and shafts 

(Figure 19, in pocket) attest to extensive mining activity in Jupiter 
Canyon. Small adits and shafts are generally associated with quartz 
veins and structural features such as shear surfaces and fault zones. 

Such workings are suspected to be gold prospects. In some instances, 
several adits, each commonly less than 4 m long, were driven into a 

single quartz vein. Dumps from such workings are still present. Mining 

activity in the canyon occurred largely in the late 1800's and the early 
1900's. The Gold Bullion Mine, an inclined shaft, and the Jupiter and 
lowana Mines, adits, were the sites of the most extensive mining 
activity.

Gold Bullion Mine
The Gold Bullion Mine, marked by a headframe and an extensive 

dump, is near the southern border of the map area (Figure 21). It is 
easily accessible by the road which follows Shaffer Canyon to where it 
intersects Jupiter Canyon (Figure 1) • the 1880 s a 90 m shaft was

sunk on the Gold Bullion claim according to 0. C. Lamp (Wilson et al., 

1967). The prospect was worked in the 1880*s, from 1910 to 1918, and 

in 1939. Apparently the mine has been inactive since that time. The 
average grade of ore produced from the Gold Bulli°n Mine is reported to
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Figure 21. Headframe and Dump of Gold Bullion Mine.
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have been 1.0 oz Au/ton, 12 oz Ag/ton, and minor copper and lead. Sev
eral tons of high-grade molybdenum were reported shipped as well (Wilson 
et al., 1967). Fair (1965) mapped the underground workings of the Gold 
Bullion Mine.

The quartz vein which hosts the Gold Bullion Mine ores strikes 
east-west and dips approximately 75°N. The quartz is massive and milky; 
(Figure 22), with very small fluid inclusions on the scale of 1 pm di
ameter. Tourmaline, malachite, azurite, galena, bornite, and pyrite are 

associated with the large quartz vein as well as with many smaller ones 

which occur as stockworks in the region of the Gold Bullion Mine. Gold 

is reported to occur as a trace element in pyrite (Keith, 1974).

Jupiter and lowana Mines

The Jupiter and lowana Mines are located near the northern bor
der of the study area. They are accessible from the Jupiter Canyon road 

(Figure 6). Little historical information exists about either mine.
The Jupiter Mine is an extensive adit system into a steep hillside. The 
lowana Mine is a smaller adit dug into the same hillside approximately 
100 ft uphill from the Jupiter Mine. The Jupiter Mine was worked dis- 
continuously from 1930 through 1940. Four hundred tons of ore were 

mined, averaging .7 oz Au/ton, 12 oz Ag/ton, and with minor lead and 

copper (Keith, 1974).
Mineralization from both mines is in quartz veins which may 

have been localized along a major Allison Camp rhyolite dike which 

parallels the adit. Both mines are at the contact of Jurassic
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Figure 22. Tourmaline-bearing Gold Bullion Quartz Vein.



metaconglomerate and Tertiary diorite. Pyrite is again believed to 
carry the gold and silver at these mines (Keith, 1974).

Geochemistry
A systematic sampling of the mine dumps in the study area was 

conducted during the summer of 1980. Effort was made to take a repre
sentative sampling of the lithologic types exposed on the dumps. During 
the same summer rock chip samples were collected along grid lines trend

ing north-south and 150 m apart. Samples were taken 160 m or 80 m apart 
along these lines, depending on the region being sampled. Locations of 

grid rock chip samples and of dump samples are shown in Figure 19 (in 

pocket).
Samples were assayed for copper, molybdenum, gold, silver, lead, 

zinc, and, in some instances, for tungsten and fluorine. Assay values 
were quite high on many dump samples, particularly in the elements gold, 
molybdenum, and occasionally lead. These values are shown in Appendix 

I and Appendix II. Strong geochemical haloes of molybdenum, tungsten, 
and fluorine were found as a result of grid rock chip sampling (Figure 
6). These haloes are largely cospatial. Assays of dump rocks often 
yield significant values. Country rocks in the vicinity of these pros

pects often show no significant economic mineralization, indicating that 
such mineralization may be limited to structural features associated
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Structural Controls of 
Mineralization in Jupiter Canyon

Several examples of the association of structural features with 
economic mineralization are notable. The normal fault which places un
metamorphosed Pitoikam sediments in contact with Jurassic metaconglomer

ate is the location of three prospect pits with anomalous copper values. 
The Gold Bullion Mine is located in a 4 m-thick quartz vein that is 

subparallel to two other quartz veins. One of these veins hosts five 
prospect adits, all of which have anomalous values of silver, lead, and 
gold. The second quartz vein, almost on strike with the Gold Bullion 
vein itself, is especially anomalous in molybdenum, gold, and copper.
The stockwork style quartz veins throughout the hill in which the Gold 
Bullion vein outcrops are the hosts of 13 other sampled adits (Figure 
19). A shaft located near the fault contact between the Tinaja Spring 
Porphyry and the Jurassic metaconglomerate, on the border of the major 

brecciated region, is highly anomalous in lead and molybdenum.

Perhaps most importantly, the molybdenum-tungsten-fluorine ano
maly which inspired the project is located near the major brecciated re
gion in the canyon (Figure 6). Intense silicification and open space 
fillings of quartz are abundant throughout the brecciated region (Figure 
23). Because one major fault is believed to cut the brecciated zone, it 
is impossible to determine if the brecciated zone is of fault-related or 

intrusive origin. Outcrops of both brecciated Jurassic Tinaja Spring 
Porphyry and metaconglomerate are found within the zone. These rocks 
have been brecciated and extensively hydrothermally. altered to the ex

tent that they are locally indistinguishable.



Figure 23. Stockwork-like Quartz Veins within Brecciated Zone.
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Additionally, the pink porphyry outcrop is very near, if not 

coincidental with, the geochemical anomaly and the major brecciated zone 

(Figure 6). The contact of the pink porphyry with surrounding Tinaja 
Spring Porphyry is brecciated and circular, suggesting that perhaps the 
pink porphyry intruded the Tinaja Spring Porphyry explosively. However, 
cold rock could as well shatter under thermal stress from hot invading 
magma at depth. The relation of the pink porphyry to the large brecci
ated zone is unclear.

The significance of the large brecciated zone in Jupiter Canyon 
is uncertain. It may represent evidence of venting during the evolution 

of a granite molybdenum system (Mutschler et al., 1981). Alternatively, 
it could represent a fracture zone of some width. Another explanation 
is that the intrusion of the pink porphyry, especially if the subsurface 

volume of that rock is large, could have caused extensive brecciation.
In any event, it seems likely that the proximity of the geochemically 

anomalous area with the brecciated rocks indicates that brecciation 
formed a permeable region through which fluids carrying molybdenum, 
tungsten, and fluorine could readily pass. It is uncertain whether or 

not the phenomenon that caused the brecciation and evolved such fluids 
were one and the same.

Molybdenum Mineralization in Jupiter Canyon

Introduction
Several characteristics of rocks of Jupiter Canyon, along with 

extensive mining activity in the past, suggest that the canyon might be
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the host of economic mineralization at depth. The style and degree of 

hydrothermal alteration and silicification are suggestive particularly 
of porphyry-style mineralization. Characteristics of the canyon which 

reinforce this suggestion include an abundance of Jurassic and Tertiary 
felsic intrusions and extreme brecciation suggestive of explosive in
trusions. Finally, the presence of a molybdenum-tungsten—fluorine ano
maly is typical of some known molybdenum deposits. The presence of 
these characteristics and the absence of other characteristics known to 

be associated with porphyry copper deposits (Tables 2,3) suggest a 
stronger possibility of a porphyry molybdenum deposit existing at depth 
in the canyon than a porphyry copper deposit. These several aspects of 
Jupiter Canyon were so impressive upon its initial exploration that 
further work has been carried out to assess the possibility that a por

phyry molybdenum system might exist at depth beneath the canyon.

Characteristics of Porphyry 
Molybdenum Deposits

A porphyry molybdenum deposit consists of a progenitor intru
sion, perhaps not exposed, which fractured surrounding rocks, allowing 
hydrothermal fluids bearing molybdenum to circulate through fractures 
and there deposit molybdenum. Economic porphyry molybdenum deposits 
are typically of low grade and large tonnage. A large halo around and 

above.the deposit normally displays distinctive alteration zoning.
Because work on the economic mineralization of Jupiter Canyon 

has largely been carried out with a porphyry molybdenum model in mind, 
it is important to scrutinize carefully the characteristics of known
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Table 2. Characteristics of Porphyry Molybdenum Systems. —  From

Mutschler et al., 1981; Westra and Keith, 1981; and White et
al. , 1981.

Calc-alkaline
(Granodiorite) Granite

Tectonic
Setting

within magmatic arcs in 
compressive tectonic regimes

within extensional settings, 
rifts

Parent Magma 
Composition

quartz diorite to granite K- and Si-rich, Al-rich, Ca- 
poor, alkali-rich K20>Na20

Depth of 
Formation

Stock type: 1000-2000 m
Plutonic type: 3000-5000 m

Molybdenum
Grade

Stock type: .1-.25%
Plutonic type: .1-.15%

.1->1%

Location of 
Molybdenum 
Ore

within, above, or adjacent 
to parent batholith local
ized in breccia pipes 
potassic-phyllic border

inverted cup over intrusion

Alteration
Sequence

potassic qtz-ser-py 
argill prop 

inside -> outside
potassic qtz-ser-py 
upper and lower argill 
prop

Associated
Elements

tungsten as scheelite 
weak peripheral Zn, Pb, 
Ag

fluorine

Age in western U.S.: laramide 
(80-50 m.y.)

40-80 m.y. in Id., Mont. 
10-37 m.y. in Colo., Tx., NM 
18-25 m.y. associated with 
Basin and Range faulting

Structural
Features

breccias multiple intrusions 
radial and concentric dikes

Textures microscopic intergrowths of 
quartz and alkali feldspar, 
perthite, pegmatite pods
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Table 3. Geochemistry of Porphyry Molybdenum Systems. —  From Mutschler 
__________et al. (1981) and White et al. (1981)._____________________

Alteration Trends 
plagioclase sericite
K-spar qtz-ser-py

silicification
increase in pyrite

Resultant Whole Rock Trend 
decrease in Na
slight decrease in K ,

no overall Si increase

increase in Fe
potassic alteration of plagioclase increase in KgO about 2%

>2
voU

increase in SiOr

Overall Alteration Trends
— silica content is essentially constant throughout alteration zones

— alumina is enriched in the argillic, depleted in the silicic 
assemblage

— Ca and/or Mg is depleted in all alteration assemblages 
— Na is depleted in all but the potassic zone 
— K is enriched in the potassic assemblage

— F is enriched in source rocks compared with typical low-Ca granites
— S in unaltered rocks and in those of the potassic and quartz-sericite 

zones is more abundant than in common low-Ca granites
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porphyry molybdenum deposits. The following section consists of a de

scription of the most extensively studied types of porphyry molybdenum 

deposits. Their characteristics will then be compared with those of 

Jupiter Canyon in an attempt to determine how closely Jupiter Canyon 
conforms to the porphyry molybdenum deposit model.

A great deal of recent literature has dealt with characteris
tics of known molybdenum deposits (Mutschler et al., 1981; Westra and 
Keith, 1981; White et al., 1981). While molybdenum deposits are broadly 

classified according to characteristics of their progenitor intrusion, 

no general classification is yet commonly used by all workers. How
ever, it seems to be generally concluded that most molybdenum deposits 

are associated with two chemically distinct types of intrusions. Westra 
and Keith (1981) distinguish calc-alkaline deposits from alkali-calcic 

deposits. Their classification is based on the potassium content of the 

parent magma of the intrusive rocks with which the deposit is associ
ated. Mutschler et al. (1981) also distinguish two types of molybdenum 
deposits, which they call granodiorite and granite molybdenum systems. 
They have grouped rocks discussed by other workers ranging in composi
tion from granodiorite to granite into their granodiorite molybdenum 
system. Their granodiorite molybdenum system is here taken to be 
grossly the equivalent of the Westra and Keith (1981) calc-alkaline 
molybdenum system. Because the difference between the two types of 

porphyry molybdenum deposits is largely chemical and no unaltered rocks 

exist in Jupiter Canyon from which to obtain a good estimate of the 

original chemistry of the hypothetical deposit, it might be impossible



to determine which, if either type, might exist at depth in Jupiter 
Canyon.

Aside from the chemical differences, many external characteris

tics of the two main types of porphyry molybdenum deposits are quite 
similar. In applying a porphyry molybdenum model to Jupiter Canyon, 
the important point is whether or not Jupiter Canyon is similar to 

either type of porphyry molybdenum deposit, rather than to which it is 
similar. Table 2 summarizes the important characteristics of both the 

granodiorite and the granite molybdenum deposits. Specific character
istics which might have & bearing on the evaluation of Jupiter Canyon 
as a molybdenum prospect will be discussed at length in the following 
chapter.

Summary of Important Characteristics 
of Known Porphyry Molybdenum Deposits

Several geochemical and structural features are common to both 
calc-alkaline and granite molybdenum deposits. Perhaps foremost among 
these is alteration zoning, an important consideration in exploring sur
face exposure of a molybdenum prospect. Fluorine and tungsten geochem
ical anomalies (especially in granite molybdenum systems) and peripheral 

zinc-lead-silver mineralization may be a characteristic of molybdenum 
systems. A host of other geochemical generalizations, listed in Table 

3, are made for granite molybdenum systems.
Both types of deposits seem centered about felsic intrusions, 

often of Tertiary age. Dikes surrounding such intrusions have been used 

to suggest the stress system under which the magma intruded.
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Brecciation may be an important or a minor characteristic of porphyry 

molybdenum deposits.



CHAPTER VI

ECONOMIC POTENTIAL OF JUPITER CANYON 

Introduction
Jupiter Canyon possesses several features known to be indica

tive of porphyry molybdenum deposits. In order to assess the possibi

lity that such a deposit may exist in the canyon, characteristics of 
Jupiter Canyon will be compared with those of known molybdenum deposits. 

Geochemical and alteration features are perhaps the most easily com
pared. Recent literature on molybdenum deposits has been dominated by 
geochemical models. Geochemical signatures are believed to be helpful 

in defining molybdenum-rich regions and, further, in classifying the 
deposit as a calc-alkaline or as a granite type. Alteration facies are 
also important in identifying deposits, because alteration haloes are 

far larger than the deposit itself and because the particular altera
tion suite found on the surface helps to define the distance and direc
tion to the ore zone. Other features such as general structural style 
and plate tectonic setting are good points of general comparison of 
regional setting between known molybdenum deposits and molybdenum 

prospects. Finally, some extra features such as distinctive textural 
styles in host rocks have recently been cited as characteristic of host 

rocks to molybdenum deposits.

In the following section, all of the features above will be 
examined to develop an accurate impression of the likelihood that Jupi
ter Canyon hosts a porphyry molybdenum deposit at depth. It must be

63



64

realized that any number of favorable indications may exist in the ab

sence of an economic ore deposit. The attempt to characterize the rocks 

of the canyon on the basis of alteration, geochemistry, structural style, 
and plate tectonic setting will be helpful in understanding the geologic 
history of the canyon.

Hydrothermal Alteration
Both calc-alkaline and granite molybdenum systems have an alter

ation sequence similar to that of porphyry copper deposits consisting 
of: a progenitor intrusion, a potassic zone, a phyllic zone, an argil-
lie zone, and a propylitic zone. Characteristic minerals of these zones 

are shown in Table 4. Detailed petrologic work on samples from the 
drill core into Tinaja Spring Porphyry in Jupiter Canyon allow the de

termination of a paragenetic sequence of the minerals characteristic of 

some alteration types.
Pyrite, quartz, and perhaps sericite appear to have been de

posited within fractures prior to the deposition of calcite, chlorite, 

and a second generation of quartz. Normally in porphyry systems, a 
pyrite-quartz-sericite mineral assemblage is considered to be indicative 

of phyllic alteration and calcite-chloriteiquartz, of propylitic altera
tion. Likewise, in porphyry systems, phyllic alteration is believed to 

occur after propylitic alteration, both alteration episodes being asso
ciated with fluids either generated or mobilized by one intrusion. The 
alteration mineral paragenesis in the Tinaja Spring Porphyry, pyrite, 
quartz, and sericite followed by chlorite and calcite, suggests that a 

phyllic alteration episode was followed by a propylitic event. Two
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Table 4
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Hydrothermal Alteration Minerals Typical of Both Porphyry 
Copper and Molybdenum Deposits.

Characteristic
Zone Minerals

Potassic Potassium feldspar
Phyllic Quartz, sericite, pyrite

Argillic Clay minerals
Propylitic Epidote, chlorite, calcite
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possible explanations exist for this apparent reversal of sequence. The 

first is that the two alteration assemblages may have been generated by 
two separate intrusions of different ages, the one associated with the 

propylitic alteration far deeper than that associated with the phyllic 
alteration facies. The second explanation is that perhaps the amount 
of data examined in order to come to the conclusion about the sequence 
of events was too sparse to obtain an accurate conclusion.

Whether or not the surface rocks are considered to be phyllic- 
ally or propylitically altered with respect to a possible mineralizing 
intrusion, it must be concluded that the surface rocks are far removed 

from an ore zone. Importantly, the 500 ft diamond drill hole into the 
Tinaja Spring Porphyry intersected only Tinaja Spring Porphyry which 
displayed those alteration assemblages discussed earlier. No indica

tion of potassic alteration was noted in any drill core sample. Thus 
the surface rocks of the canyon must be regarded as a zone quite pe
ripheral to a molybdenum deposit, if one exists, at depth in the canyon. 
This possible deposit could be removed from the study area either at 
depth or laterally.

- Geochemistry
Molybdenum systems are classified on the basis of the chemistry 

of their source intrusion. Unfortunately, because of alteration, the 
original geochemistry of a rock becomes uncertain. This problem exists 

in the study of Jupiter Canyon. No outcrop of the Tinaja Spring Por

phyry, for example, within the canyon or in the southern Baboquivari 
Mountains is sufficiently fresh that it can be hypothesized to represent
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the geochemistry of the original source pluton. If the progenitor in

trusion chemistry were identifiable in Jupiter Canyon, the model within 
which to fit features of the canyon might be narrowed down to a calc- 

alkaline (granodiorite) or to a granite (Climax-type) system.
An additional problem in attempting to geochemically character

ize rocks of Jupiter Canyon is that, since the alteration minerals seen 
on the surface are characteristic of the periphery of a molybdenum de
posit, it is unlikely that any rock type in the canyon is the progenitor 

intrusion. This intrusion might be far beneath the surface. The single 

drill hole did not penetrate potassic alteration, which is likely to 
occur as a halo about the intrusion.

Regardless of these constraints, several geochemical tests are 
believed to be applicable to the rocks of Jupiter Canyon. The sugges
tion that molybdenum mineralization might exist in Jupiter Canyon is 
largely based on a molybdenum-tungsten-fluoring anomaly halo detected 
from rock chip sampling in the summer of 1980. A molybdenum anomaly is 
not necessarily an encouraging feature in the outermost alteration ha

loes of a molybdenum system because molybdenum grade drops off rapidly 
outward from the ore zone in such systems. However, White et al.
(1981) mention the existence of molybdenum zones peripheral to the ore 
zone at the Henderson Mine. Molybdenum anomalies on the surface in 

Jupiter Canyon may be similar to those at Henderson or could be a sec
ondary remobilization from molybdenum in the ore zone at depth. Molyb
denum is,.however, considered to be a relatively immobile element. Both 

tungsten and fluorine anomalies are cited as signatures of certain types 

of molybdenum deposits. Tungsten anomalies are believed to exist in
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both calc-alkaline and granite molybdenum systems (Westra and Keith,

1981; White et al., 1981), while anomalous fluorine is believed most 
diagnostic of Climax-type molybdenum systems (Westra and Keith, 1981). 

The geochemically anomalous area in Jupiter Canyon, defined by rock 
chip samples, is approximately $5 km in diameter. The highest molybdenum 
value within the area is 256 ppm, of tungsten 84 ppm, and of fluorine 

26% (Appendix II). These coincidentally located anomalies may suggest 
that the surface in the anomalous area is near the upper parts of a 

molybdenum system.

A number of workers (Mutschler et al., 1981; Westra and Keith, 
1981; White et al., 1981) have attempted to characterize geochemically 

porphyry molybdenum deposits and their alteration haloes. Some of 
these geochemical constraints may justifiably be applied to Jupiter 

Canyon samples; others of these constraints, because of the degree and 
type of alteration in Jupiter Canyon, cannot be. The following is a 
description of the geochemical characteristics derived by recent workers 
and a summary of whether or not various rock types in Jupiter Canyon 
conform to these characteristics. A few assumptions must be made about 

such tests. First, several people (White et al., 1981; Westra and 
Keith, 1981) have attempted to characterize the progenitor intrusion of 

molybdenum deposits. The type of hydrothermal alteration evident in 

Jupiter Canyon suggests that the progenitor intrusion of a possible de
posit there could be several thousand feet beneath the surface. It is 

possible, however, that intrusions in Jupiter Canyon are surface repre

sentatives of the chemistry of a progenitor intrusion at depth. A
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second consideration is that some geochemical models proposed by workers 

have considered changes in chemistry of a rock subjected to hydro thermal 

alteration. Other models do not. The rocks of Jupiter Canyon are so 

highly altered that a model which does not take this into account is 
probably an unsuitable tool to use in evaluating the molybdenum poten

tial of the canyon. Realistically, however, most, if not all, rocks 
associated with the porphyry molybdenum deposits from which the models 
have been derived must have undergone an appreciable amount of hydro- 

thermal alteration.

Geochemical Characteristics of 
Progenitor Intrusions

Westra and Keith (1981) have classified rocks according to the 
chemistry of the magma series from which they crystallized. They be

lieve that igneous rocks associated with both calc-alkaline and with 

granitic molybdenum systems have a definite and recognizable composition 
within their classification. The Keith and Westra classification is 
based on the range of values of K2O that rocks of a common magma series 
at a constant Sit^ value of 57.5 weight percent. The ^ 0  value is re

ferred to as the K ^  ̂ 5 . Keith and Westra bracket igneous rocks asso

ciated with porphyry molybdenum deposits into distinct ranges of K57 # 5 . 
K57 5 values of calc-alkaline deposits are different from those of 

granite molybdenum systems. Keith and Westra linearly extrapolate 
K57^5 values within a magma series from a member with SiOg = 57.5 
weight percent to more silicic members of the magma series. The valid

ity of this method depends on one's ability to determine that different



70
intrusions are members of the same magma series. It is also uncertain 

if extrapolation to 57.5% SiOg from rocks which contain no less than 
70% Si02 is valid.

The rocks of Jupiter Canyon have not been classified according 
to K-y g values because:

1) There is no indication that the intrusive rocks of Jupiter 
Canyon represent a single magma series. Indeed, that they range 
in age from Jurassic to Tertiary suggests that at least two 
differentiation series are represented on the surface.

2) A classification scheme based on K^O and SiOg percentages of 
igneous rocks seems to be unsuitable for rocks so pervasively 

silicified as those of Jupiter Canyon.
3) It is possible that no igneous rock exposed on the surface of 

Jupiter Canyon represents the chemistry of the progenitor 

intrusion.

Westra and Keith (1981) also find a correlation between trace 

elements such as F, Nb, Ca, Ti, and Sr, and the K^y g value, and hence 
with the type of magma from which an igneous rock crystallized. It 

would seem, then, that the magma series chemistry should be able to be 
characterized by the amounts of trace elements in the igneous rock. If 

these trace elements are remobilized during alteration, such a conclu
sion is invalid. The rocks of Jupiter Canyon have been evaluated with 
respect to their Rb, Sr, and Ti contents. Oxide weight percentages of 

F and Nb are not available. Calcium content has been deleted as a
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standard because calcium occurs often as an alteration product. A com

parison of Jupiter Canyon lithologic types with the standards of Keith 
and Westra with respect to Rb, Ti, and Sr content appears in Table 5.

White et al. (1981) have also summarized major element charac
teristics of granite molybdenum systems. They make the disclaimer that 
although they attempted to analyze unaltered rocks, essentially no un
altered Climax-type rocks exist. Utilizing this same explanation, the 
chemistry of the rocks of Jupiter Canyon has been compared to the cri

teria listed by White et al. These criteria involve some of the same 
elements deemed too susceptible to alteration to be used in the compari
son to the geochemical signatures derived by Westra and Keith (1981), 
who appear not to have taken alteration into account. A comparison of 
Jupiter Canyon samples with criteria derived by White et al. (1981) ap
pears in Table 6.

Geochemical Characteristics of 
Related to Porphyry Molybdenum Systems

Mutschler et al. (1981) have attempted to geochemically charac
terize the alteration zones surrounding a porphyry molybdenum deposit. 
This sort of classification would be especially useful in Jupiter Can
yon because rocks exposed there on the surface are extensively altered. 

Samples from potassic, quartz-sericite, and argillic zones are differ

entiated on the basis of their positions on an A-K-F diagram (A = mo

lecular A^O^-molecular NagO-H^O+CaO; K = molecular K^O; F = molecular 

FeO+MgO+MnO) (Mutschler et al., 1981). Several rocks from Jupiter 

Canyon have been plotted on an A-K-F diagram. Positions of points on
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Table 5. Geochemical Signatures of Granite Molybdenum System-
related Rocks.1—  From Westra and Keith (1981).

Kb (ppm) Sr (ppm) Ti
Westra and Keith averages for 
rocks related to granite 
molybdenum systems 200-400 25 .2%

Chlorite, calcite-rich breccia 
of Tinaja Spring Porphyry 118 240 .135 ppm
Tinaja Spring Porphyry 
(surface) 236 136 .228%
Tinaja Spring Porphyry 
(surface) 225 83 .221%

Tinaja Spring Porphyry 
(surface) 200 119 .369%
Tinaja Spring Porphyry 
(surface) 289 66 .315%
Tinaja Spring Porphyry 
(surface) 307 144 .242%

Tinaja Spring Porphyry 
(drill core) 228 136 .483%
Tertiary diorite 102 690 1.09%
Basalt 83 198 1.67%
Characteristics of calc-alkaline porphyry molybdenum systems differ 
from those of granitic systems in niobium, calcium, and AI2O3/K2O+ 
NagO+CaO values, which have not been analyzed or are considered to 
be too susceptible to alteration to be included in this analysis.
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Table 6. Geochemical Signatures of Granite Molybdenum System-related
__________Rocks. —  From White et al« (1981).________________________

_____________Weight Percent_____________

Si02 AI2O3 CaO Na20 K20
k 2o /
Na20

White et al. averager for 
rocks related to granite- 
molybdenum systems 75.2 12.3 .80 2.89 5.46 1.89
Chlorite, calcite-rich 
breccia of Tinaja Spring 
Porphyry 62.8 8.7 17.70 1.98 3.57 1.80
Tinaja Spring Porphyry 
(surface) 75.2 16.0 .85 4.73 5.56 1.17
Tinaja Spring Porphyry 
(surface) 74.4 15.5 .57 4.76 5.51 1.16
Tinaja Spring Porphyry 
(surface) 79.8 15.7 .57 5.69 4.00 .70
Tinaja Spring Porphyry 
(surface) 72.3 20.8 .39 .95 6.10 6.40

Tinaja Spring Porphyry 
(surface) 70.1 19.6 .31 3.75 7.57 2.02

Tinaja Spring Porphyry 
(drill core) 70.3 17.9 1.10 4.15 5.88 1.44

Tertiary diorite 54.7 15.9 5.90 3.31 2.90 .88

Basalt 55.8 16.5 1.10 4.80 2.29 .48



this diagram may be compared to the argillic, phyllic, and potassic 

fields on the A-K-F plots of Mutschler et al. (1981) (Figure 24).

Mutschler et al. also characterize rocks from granite molyb

denum systems on the basis of fluorine and sulfur content. Fluorine 
>.1% and sulfur .03% are characteristic of granite molybdenum deposits. 
The fluorine content of Jupiter Canyon samples is shown in Appendices 

I and II and sulfur content in Table 7.

Geochemical Models: Conclusions

Analyses of rocks from Jupiter Canyon do not conform extremely 
well to the geochemical standards identified by either Westra and 
Keith (1981) or White et al. (1981) (Tables 5,6). However, many sam

ples, especially of the Tinaja Spring Porphyry, a felsic granodiorite, 
have values in several elements somewhat coincidental with those stan

dards. Several variables including surface weathering and hydrothermal 
alteration are likely to have rendered such tests inaccurate. Both 
geochemical analyses were tailored for rocks associated with granite 
molybdenum systems; perhaps Jupiter Canyon represents a zone peripheral 
to a calc-alkaline molybdenum system.

The classification of altered rocks in granite molybdenum sys

tems by Mutschler et al. (1981) has the same drawback: if the progen

itor rock was not of granitic composition, the boundaries of the alter
ation zones on the A-K-F diagram would possibly be different. Most of 

the rocks from Jupiter Canyon plot within the quartz-sericite field on 
the Mutschler et al. A-K-F diagram. This is somewhat of a reinforce

ment of the degree of secondary quartz and sericite alteration evident
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A

Rhyllic

Figure 24. Jupiter Canyon Lithologies Plotted on an A-K-F Diagram. —  
Circles represent surface samples of Tinaja Spring Porphyry; 
triangle represents drill core sample of Tinaja Spring Por
phyry with chloritic alteration; diamond represents brecci- 
ated, chloritic Tinaja Spring Porphyry from Jupiter Mine 
dump; squares represent samples of intermediate to mafic in
trusions of Tertiary age (T1 and Tm). Argillic, phyllic, 
and potassic zone delineations are from Mutschler et al. 
(1981).
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Table 7. Sulfur Contents of Jupiter Canyon Rocks Compared to Standard 
__________for Granite Molybdenum Systems of Mutschler et al. (1981).

Mutschler et al. standard sulfur content for rocks of 
granite molybdenum systems :

Jupiter Canyon Samples
1) chlorite and calcite-rich breccia of Tinaja Spring 

Porphyry

2) Tinaja Spring Porphyry (surface)
3) Tinaja Spring Porphyry (surface)

4) Tinaja Spring Porphyry (surface)
5) Tinaja Spring Porphyry (surface)
6) Tertiary diorite

7) Tinaja Spring Porphyry drill core
8) Basalt (from mafic dike)

S = .03%

S = .122% 

S = .007% 
S = .022% 

S = .058% 
S = .037% 

S = .006% 
S = .016%

: S .090%
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both in drill core and surface rocks from Jupiter Canyon. Only two sam

ples, one of Tertiary diorite and the other of Tertiary basalt, plot 
well out of the quartz-sericite field. These lithologies are originally 

very chemically dissimilar to "normal" felsic intrusive porphyry moly- 
denum rocks, and, additionally, have not undergone the hydrothermal al
teration observed on older lithologies in the canyon.

A significant point made by Mutschler et al. (1981) is that si
lica content is essentially constant through the potassic, quartz- 

sericite, and argillic zones and is only increased significantly in the 
pervasively silicified zone immediately above the ore zone. This sug
gests that perhaps it is justifiable to attempt to classify even the 

altered rocks of Jupiter Canyon on the basis of silica content.

Plate Tectonic Regions
Jupiter Canyon is located in a hypothesized Jurassic magmatic 

arc (Reynolds, 1980; Haxel, personal communication, 1981). A northeast
dipping, northwest-trending subduction zone is believed to have formed 

beneath the area during mid-Mesozoic times. A subduction zone environ
ment has been hypothesized for calc-alkaline molybdenum systems (Westra 
and Keith, 1981). Both compressional, subduction zone environments and 

extensional rifting environments have been suggested for granite molyb
denum systems. In particular, the Climax and Henderson, Colorado mo
lybdenum deposits and the Questa, New Mexico deposits are believed to 

be related to extension due to the Rio Grande Rift. Other western 
United States deposits are believed related to Basin and Range exten
sion. It seems likely that localized tensional zones could exist even
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within a compressional, subduction environment, though the tectonic re

gime may be more closely related to chemical composition of accompanying 
intrusions than to the structural style evident. To postulate the exis

tence of a granite molybdenum system, one would hope to see extensional 
features. The only clear indication of an extensional stress regime in 
Jupiter Canyon are the prominent Allison Camp rhyolite porphyry dikes 
which are presumed to have filled open fractures created in a tensional 

environment. The Allison Camp rhyolite dikes are of Tertiary age, so 

such a stress system can be hypothesized for that time only. However, 
the age of the progenitor intrusion to the possible molybdenum deposit 
is itself unknown (see next section) and could be Tertiary. The Allison 
Camp rhyolite dikes, though of favorable Tertiary age and of felsic 
composition, seem unrelated to anomalous molybdenum mineralization and 
are thus believed not to be differentiates of the progenitor intrusion 

that could exist at depth.

Age Constraints
Most known molybdenum deposits in the western United States are 

either of Laramide age (80-50 m.y.) or are between 50 and 40 m.y. old. 
The host rocks to the molybdenum anomaly in Jupiter Canyon are the Ju

rassic Tinaja Spring Porphyry and the lower Jurassic metaconglomerate. 

The pink porphyry, located very near the tungsten-fluorine-molybdenum 
geochemical anomaly, is undated, though if it were an equivalent of the 
Baboquivari Peak Granite it would have a Late Jurassic age. However, 

the presence of Jurassic host rocks in no way implies a Jurassic age 
for a deposit at depth in the canyon. Quite possibly the progenitor
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of a deep molybdenum deposit beneath the geochemically anomalous zone 

could be of Tertiary age. No solid conclusion about the age of the 

hydrothermal alteration in Jupiter Canyon has been reached, except that 
it seems to have affected Jurassic and not Tertiary rocks, so that it 

could be a result of Tertiary igneous activity.

Structural Features
Several correlations between structural features such as quartz 

veins, fractures, and brecciated zones and economic mineralization have 

already been noted. An,attempt has been made to determine the stress 
regime under which fractures formed which later came to be filled in 
with quartz or rhyolite. Determination of the stress regime would sug

gest whether the southern Baboquivari Mountains were involved in a com
pressive or a tensional plate tectonic configuration at the time of 

faulting and fluid migration. At best, it is still not proven that the 
quartz veins and/or Allison Camp Rhyolite dikes are related to mineral
ization. In fact, evidence suggests that the mineralization may be 
older than the rhyolite dikes.

A rose diagram showing orientations of quartz veins reveals a 
slight preferred orientation of approximately N20°W. This orientation 
is almost identical to that of the foliation measured in Jurassic meta
conglomerate. The relationship between these structural features and 
the regional tectonic setting is unclear at present.

Tertiary Allison Camp rhyolite porphyry dikes in Jupiter Canyon 
trend generally east-west and north-south and are believed to be the 

result of magma intrusion into tensional fractures in Tertiary time.
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Textural Features

Several zones within the Tinaja Spring Porphyry are character

ized by common perthitic texture in potassium feldspars (Figure 25). 
Similar textures have been noted in intrusive rocks hosting granite 
molybdenum deposits (Mutschler et al., 1981). Perthitic texture may be 
the result of slow cooling below the feldspar solvus (Hyndman, 1972, 
p. 22, 137) with feldspar unmixing. Sodium metasomatism, resulting in 

the replacement of potassium by sodium feldspar, is also believed to be 
a possible cause of perthitic textures (Deer, Howie, and Zussman, 1975).

Pegmatite pods have been observed in the Tinaj a Spring Porphyry 
peripheral to the geochemical anomaly (Figure 26). The pods are up to 
6 cm in diameter and are filled with massive quartz and books of coarse 
muscovite. They appear to be preferentially located near a contact with 

Jurassic metaconglomerate and also near a major fault zone. The pods 
have no obvious vein source or association. Similar pegmatite pods and 

dikes are associated with all phases of the Climax Stock at Climax, 
Colorado (White et al., 1981).
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Figure 25. Photomicrograph Showing Perthitic Texture of Feldspar 
Crystals in Tinaja Spring Porphyry.
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Figure 26. Pegmatite Pod in Tinaja Spring Porphyry near Contact with 
Jurassic Metaconglomerate.



CHAPTER VII

CONCLUSIONS 

Age Relations
The age relations of several geologic features in Jupiter Canyon 

are crucial in understanding the geologic history of the area and in 
assessing the economic potential of the canyon. Specifically, the rela

tions between Allison Camp rhyolite dikes, quartz vein mineralization, 
hydrothermal alteration, and a possible progenitor intrusion must be 

considered.
Molybdenum systems are known to be associated with precious and 

base metal mineralization peripheral to the hydrothermal system. If the 

quartz vein mineralization in Jupiter Canyon were related to the geo
chemical anomaly and to a deposit at depth, all of these features would 
be of the same age. Quartz vein mineralization seems often to be spa
tially associated with 24 m.y.-old Allison Camp rhyolite dikes. How
ever, no evidence exists to imply that there is a genetic relationship 

between the two. Only pre-Tertiary rocks in Jupiter Canyon are perva
sively altered, suggesting that whatever activity caused the alteration 

(and presumably the mineralization) occurred before the intrusion of 
any Tertiary rock. It is likely that the Tertiary intrusions, including 
Allison Camp rhyolite dikes, preferentially intruded zones weakened by 

the earlier intrusive event. The mineralization is believed to precede 

the intrusion of the oldest Tertiary rock in Jupiter Canyon, the

83
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dioritic pods (Tm). This diorite is younger than the Presumido Peak 

granite which is almost certainly equivalent to the 58 m.y.-old Pan Tak 

Granite of the Coyote Mountains (Wright and Haxel, 1982).

Lower Jurassic rocks host both the mineralized quartz veins and 
the geochemical anomaly, suggesting that the age of the mineralization 
is post-Early Jurassic. The pink porphyry, which occurs near the geo
chemical anomaly (Figure 5), of suggested Jurassic age (see Chapter 
III), may be genetically related to the geochemical anomaly, perhaps 

as a surface expression of a progenitor intrusion at depth. The age of 

the pink porphyry is not definitely known but can be no older than Early 
Jurassic.

It is equally likely that the geochemical anomaly is related to 
intrusive rocks at depth and that the age can only be loosely con

strained between Early Jurassic and mid-Tertiary. Jurassic porphyry 

i molybdenum mineralization would be interesting and anomalous in southern
! Arizona because known porphyry molybdenum deposits in this region are

Late Cretaceous to early Tertiary.

j Location of Possible Porphyry
| Molybdenum Mineralization
j

If a molybdenum deposit does exist at depth in the canyon, it 
is likely to be at least 500-1000 m beneath the surface. Only propy- 

litic alteration of the Tinaja Spring Porphyry was penetrated by the 

drill hole sunk by the Duval Corporation in 1981. Typically, argillic, 

phyllic, and potassic alteration zones would be encountered with in
creasing depth before an actual deposit were found. Alternatively, the

i
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drill hole may have only penetrated the periphery of the alteration zon

ing, and the deposit could lie at depth at some distance lateral to the 
position of the drill hole.

Geochemical Models as an 
Exploration Tool: Comment

Several geochemical models (Mutschler et al., 1981; Westra and 
Keith,. 1981; White, 1981) have been developed to describe known depos

its. These authors also suggest the use of these models as an explora

tion tool. This study has afforded an opportunity to test the useful

ness of such models in exploration. In attempting to determine if a 
deposit exists at depth, with only very peripheral surface rocks to work 
with, the models are not very useful. Several such models do not con
sider the intense and very varied alteration undergone by rocks in a 

hydrothermal system. Others that do consider the effects of alteration 
(the work of Mutschler et al., 1981 is an excellent example) are far 
more useful, but at best can only suggest that the rocks in question are 
suitable hosts of a molybdenum system. It seems that geochemical models, 
though interesting descriptions of molybdenum deposits, cannot now be 
used to predict their existence.

Concluding Statement

Jupiter Canyon is underlain by Jurassic metamorphic, sedimen
tary, and igneous rocks and Tertiary intrusive rocks. Surface minerali
zation, geochemical values, structural features, and alteration suggest 

that Jupiter Canyon may host a porphyry molybdenum deposit at depth. If 

such a deposit does exist, it is most likely several hundred meters
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below the surface and is evidently the result of intrusive activity of 

mid-Jurassic to early Tertiary age.



APPENDIX I

ASSAY VALUES

These assay values are from rock chip samples from adits, dumps, 
and pits and are given in parts per million unless otherwise noted. See 
Figure 19 for locations.

Sample Number Au A% Pb Cu Zn Mo
5/24/80/1 <.02 4.0 62.0 66.0 34.0 36.0

2 <.02 <1.0 176.0 150.0 68.0 2.0

3 <.02 <1.0 52.0 402.0 84.0 1.0

4 <.02 9.0 63.0 162.0 98.0 14.0

5 .58 3.0 119.0 56.0 30.0 4.0

6 <.02 <1.0 14.0 102.0 20.0 1.0

7 <.02 1.0 71.0 350.0 59.0 4.0
8 <.02 72.0 464.0 148.0 22.0 .040%

5/26/30/1 1.68 36.0 294.0 52.0 62.0 188.0
2 .04 13.0 192.0 36.0 74.0 4.0
3 .34 6.0 24.0 38.0 32.0 22.0

5/27/80/1 .075 oz 8.0 .12% 36.0 22.0 1.0

2 >2.00 28.0 592.0 56.0 460.0 1.0

3 .240 oz 85.0 802.0 38.0 60.0 4.0
4 CMOV 1.0 202.0 •14.0 46.0 1.0

5 .84 8.0 190.0 16.0 38.0 1.0

6 8 3.0 180.0 20.0 16.0 1.0
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Sample Number Au Ag Pb Cu Zn Ho
5/29/80/1 <.02 <1.0 30.0 18.0 14.0 1.0

2 <.02 1.0 11.0 408.0 70.0 1.0

3 .12 1.0 60.0 75.0 26.0 99.0
5/30/80/1 1.38 23.0 89.0 348.0 30.0 .102%

2 A O ro 1.0 20.0 114.0 30.0 28.0

3 .06 1.0 17.0 60.0 26.0 7.0
4 1.68 22.0 .14% 82.0 490.0 6.0

5 <.02 1.0 96.0 49.0 42.0 3.0
6 <.02 10.0 49.0 214.0 28.0 19.0
7 <.02 18.0 22.0 700.0 38.0 17.0
8 <.02 <1.0 14.0 68.0 22.0 4.0
9 .02 16.0 82.0 78.0 30.0 5.0

10 .655 oz 5.9 oz .11% 137.0 22.0 23.0
11 .151 oz . 43.0 212.0 152.0 38.0 9.0
12 .12 3.0 90.0 37.0 24.0 12.0

5/31/80/1 A O to 4.0 146.0 21.0 36.0 2.0

2 <.02 18.0 11.0 .27% 30.0 .086%
6/6/80/1 <.02 7.0 29.0 144.0 30.0 16.0

2 <.02 11.0 148.0 232.0 200.0 8.0

3 <.02 8.0 56.0 234.0 114.0 21.0

4 <.02 18.0 86.0 97.0 52.0 5.0
5 <.02 7.0 50.0 198.0 122.0 11.0

6 <.02 4.0 41.0 28.0 40.0 15.0
6/10/80/1 <.02 1.0 21.0 116.0 35.0 4.0

2 .64 20.0 27.0 51.0 10.0 260.0



Sample Number Au As Pb Cu Zn Mo
6/12/80/4 <.02 1.0 12.0 70.0 41.0 18.0
6/20/80/3 CMOV 1.0 22.0 46.0 46.0 185.0

4 <.02 6.0 28.0 40.0 101.0 100.0

5 .04 6.0 12.0 18.0 24.0 5.0



APPENDIX II

ASSAY VALUES

These assay values are from grid rock chip samples and are 
given in parts per million unless otherwise noted. See Figure 19 for 

locations.

Sample Number Au Ag Pb Cu Zn Mo
1 <.02 <i 17 7 41 <1

2 CMOV <i 13- 6 18 <1

3 CMOV <i 10 4 11 <1

4 <.02 <i 14 7 7 11

5 A O to <i 15 7 15 <1

6 CMOV <i 10 10 12 <1

7 CMOV <i 10 16 12 <1

8 A o to <i 12 28 65 <1

9 <.02 <i 11 26 24 <1

10 <.02 <i 20 78 26 <1

11 <.02 <i 14 42 26 <1

12 <.02 <i 8 11 30 <1

13 CMOV <i 8 24 14 <1

14 CMOV <i 10 6 18 <1

15 <.02 <i 9 32 21 <1

16 <.02 <i 10 30 18 <1

17 <.02 <i 10 9 12 <1
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Sample Number Au Ag
18 <.02 <i
19 <.02 <i
20 <.02 <i
21 <.02 <i
22 <. 02 <i
23 <.02 <i
24 <.02 <i
25 <.02 <i
26 <.02 <i
27 <. 02 <i
28 <.02 <i
29 <.02 <i
30 <.02 <i
31 <.02 <i
32 <.02 <i
33 <.02 <i
34 <.02 <i
35 <.02 <i
36 <.02 <i
37 <.02 <i
38 <.02 <i

39 <.02 <i
40 <.02 <i
41 <.02 <i
42 <.02 <i

Pb Cu Zn Mo_____ F______ WO,
10 60 15 <1

15 7 32 <1

17 23 55 <1
16 8 39 <1
17 17 47 <1

16 17 87 <1

12 31 13 <1
11 10 99 <1

18 52 20 <1

10 18 22 <1

16 36 52 2

24 40 27 <1

106 26 18 <1

11 12 16 <1

12 10 14 <1

11 128 18 <1

28 62 48 2

13 26 73 <1
16 13 78 <1

12 17 17 <1

6 6 16 <1

12 12 48 <1

17 54 44 <1

9 12 9 <1

24 23 29

91

<1



Sample Number Au Ag Pb Cu Zn Mo
43 <.02 <i 14 85 44 <1

44 <.26 4 18 14 13 <1

45 <.02 <1 8 13 53 <1

46 <.18 3 31 32 15 <1

47 <. 02 <1 20 36 33 <1

48 <• 02 <1 14 10 37 <1

49 <.02 <1 16 6 34 <1

50 <.02 <1 6 28 36 <l'

51 <.02 <1 14 34 36 <1

52 <.02 <1 20 13 53 <1

53 <.02 <1 13 8 57 <1

54 <.02 <1 10 9 11 <1

55 <.02 <1 51 15 9 13

56 <.02 <1 26 13 7 <1

57 <.02 <1 9 17 18 <1

58 <.02 <1 12 74 17 <1

59 <.02 <1 10 13 7 <1

60 A O ro <1 11 47 14 <1

61 <.02 <1 25 21 9 2

62 <.02 <1 8 13 7 <1

63 <.02 <1 14 15 12 <1

64 <.02 <1 34 19 24 2

65 CMOV <1 8 14 12 <1

66 <.02 <1 6 9 28 <1

67 <.02 <1 4 26 25 <1



Sample Number Au Ag Pb Cu Zn Ho
68 <.02 <i 11 10 10 . <1
69 <.02 <i 17 33 25 <1

70 <.02 <i 22 46 36 <1

71 <.02 <i 10 26 36 <1

72 .02 <i 12 28 65 <1

73 <.02 <i 11 26 24 <1

74 <.02 <i 20 78 26 <1

75 <.02 3 27 27 12 2

76 <.02 2 20 30 21 2

77 <.02 <1 10 6 20 2

78 <.02 <1 10 39 24 <1

79 <.02 2 22 46 40 4
80 <.02 <1 12 8 22 3
81 <.02 <1 4 7 30 3
82 <.02 <1 4 5 16 2

83 <.02 <1 26 6 8 <1

84 <.02 4 32 16 11 9
85 <.02 <1 6 16 24 <1

86 <.02 <1 10 37 99 <1

87 <.02 <1 6 24 48 <1

88 <.02 <1 9 46 32 <1

89 <.02 <1 8 23 50 <1

90 <.02 2 76 24 12 2

91 <.02 <1 9 46 31 <1
92 <.02 <1 19 6 22 6

W03
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Sample Number Au Ag Pb Cu Zn Mo F WO,
93 <.02 <i 8 6 19 <1 750.0 l3

94 <.02 <i 7 5 46 <1 .15% 4

95 <.02 <i 8 2 12 <1 800.0 1

96 <.02 <i 5 2 10 <1 860.0 4

97 <.02 <i 6 44 14 <1 .17% 8

98 A O ro <i 4 6 14 <1 820.0 4

99 <.02 <i 8 7 15 <1 700.0 1

100 <.02 <i 2 5 11 <1 820.0 9

101 <.02 <i 2 68 19 <1 .25% 5

102 <.02 <i 1 6 34 <1 920.0 1

103 <.02 <i 5 4 20 <1 800.0 1

104 <.02 <i 14 4 52 <1

105 <.02 <i 22 17 18 <1

106 <.02 <i 34 15 62 <1

107 <.02 <i 21 16 13 2

108 ro 19 80 15 25 2

109 <.02 <1 17 20 71 <1

110 <.02 <1 7 18 31 <1

111 <.02 <1 8 13 24 <1

112 <.02 <1 9 23 38 56

113 <.02 <1 8 27 40 23
114 <.02 <1 12 32 48 10

115 <.02 <1 13 21 18 94
116 <.02 <1 14 85 24 95
117 <.02 <1 3 8 16 2
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Sample Number Au Ag Pb Cu Zn Ho F wo3

118 <.02 <i 5 24 30 <1

119 <.02 <i 9 16 15 2

120 <.02 <i 11 75 67 <1

121 <.02 <i 10 135 32 <1

122 <.02 <i 24 69 25 2

123 <.02 <i 2 4 18 <1 890.0 3
124 <.02 i 4 4 26 1 860.0 1

125 1.56 17 29 4 12 165 .14% 84
126 <.02 <1 4 12 24 <1 920.0 1

127 <.02 <1 2 6 16 <1 .11% 6

128 <NOV <1 3 8 30 <1 860.0 2

129 A O <1 2 31 30 <1 839.0 3
130 <.02 <1 11 11 10 256 800.0 67
131 <.02 <1 5 15 43 11 .26% 18
131 <.02 <1 3 20 16 15 .13% 3
133 <.02 <1 1 12 21 8 920.0 2

134 CMOV <1 5 4 6 108 750.0 23
135 <.02 <1 3 11 26 2 720.0 1

136 <.02 <1 14 59 52 3
137 <.02 <1 10 34 21 <1

138 <.02 <1 6 17 27 3
139 <.02 <1 10 80 28 7
140 <.02 <1 8 16 37 7
141 <.02 <1 17 19 11 89
142 1.08 <1 5 26 34 10
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Sample Number Au Ag Pb Cu Zn Ho F wo3

143 <.02 <i 62 23 26 <1

144 <.02 <i 6 11 16 <1

147 <.02 <i 32 221 38 <1

148 <.02 <i 22 30 40 2 890 2

149 <.02 <i 60 138 66 2 890 2

150 <.02 <i 22 99 64 4 860 11

151 <.02 <i 19 116 36 7 890 5
152 <.02 <i 24 35 34 53 670 9
153 <.02 <i 25 126 62 6 830 7
154 <.02 <i 8 54 54 30 820 22

155 <.02 <i 7 10 18 48 .13% 5
156 <.02 <i 8 17 10 19
157 <.02 <i 5 12 48 <1

158 <.02 <i 10 34 21 <1

159 <.02 <i 9 19 47 <1

160 <.02 <i 7 25 60 <1

161 <.02 <i 10 24 15 2

162 <.02 <i 14 49 33 <1

163 <.02 <i 28 36 29 14
164 <.02 <i 6 60 93 <1
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