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ABSTRACT
The Pajarito Mountains are part of a northwest

trending belt of Jurassic igneous rocks in southern and 
western Arizona, eastern California, and northern Sonora.
In the Pajarito Mountains, up to 3000 meters of Jurassic 
rhyolite to rhyodacite are overlain by Jurassic and/or 
Cretaceous conglomerate, Cretaceous siltstone, sandstone, 
shale, and limestone, and Tertiary dacite to andesite flows 
and rhyolitic ash flow tuff. Three or more dike and sill 
swarms intrude most of the section. Low-angle thrust (?) 
faulting or gravity gliding has obscured most of the contact 
between the basal Jurassic volcanic rocks and the overlying 
conglomerate, and high-angle faults striking predominantly 
northwest and northeast have repeated and extended the sec
tion. One or more episodes of mineralization, possibly 
associated with one of the dike events, are represented by 
quartz veins in the eastern part of the area, and by geoche
mical and geophysical anomalies in the northern and western 
parts of the area.

x



INTRODUCTION

Location, physiography, and access
The pajarito Mountains are located in Santa Cruz 

County, Arizona, and northernmost Sonora, just west of No
gales (Fig. 1). This study describes the geology of that 
part of the range which is within the united States south 
of the Ruby-Nogales Road, east of Atascosa valley, and west 
of the R12/13E line (Fig. 2). Elevations within the area 
range from 1160 meters (3800') to 1585 meters (5200'), with 
a maximum relief of 245 meters (800') in some of the major 
canyons. For the most part, canyons trend north-northeast. 
The divide of the range trends east-west and west-northwest 
along the international border. The pajarito Mountains are 
bounded on the north by a steep, northwest-trending fault, 
on the south and east by pediment, and indefinitely on the 
west by Sycamore Canyon.

Access is excellent along the Ruby-Nogales Road and 
good on roads along ridge tops and in canyons. A four- 
wheel-drive vehicle is needed to negotiate other roads 
within the area.

previous Work
•Various authors mention the Pajarito Mountains, and 

the briefly important pajarito mining district, in
1
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ARIZONA
TUCSON

ARIZONA
SONORA

111*

Fig. 1. Location of the Pajarito Mountains and adjacent
ranges in southern Arizona and northernmost Sonora.

Key to numbers: 1. Pajarito Mountains? 2. Atascosa Moun
tains; 3. Tumacacori Mountains; 4. Oro Blanco district;
5. Cobre Ridge; 6. San Luis Mountains; 7. Las Guijas Moun
tains; 8. Cerro Colorado Mountains; 9. Patagonia Mountains; 
10. Canelo Hills; 11. Santa Rita Mountains; 12. Sierrita 
Mountains; 13. Tucson Mountains; 14. Baboquivari Mountains; 
15. Planchas de Plata district.
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Fig. 2. Pajarito Mountains study area.
Area mapped is enclosed by the solid black line. The area 
on the eastern edge enclosed by the dashed lines was 
studied by Nelson (1963)
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publications of the late 1800s and early 1900s; the first 
geologic investigation of the area, however, was that of 
Webb and Coryell (1954). Their map generalized the rocks 
into Mesozoic volcanic rocks and conglomerate and Cenozoic 
volcanic rocks, with indefinite contacts. Wilson, Moore, 
and O'Haire (1960) and Wilson, Moore, and Cooper (1969) 
assigned rocks in the area to the Cretaceous period on 
geologic maps of Santa Cruz County and Arizona. Nelson 
(1963) studied the western edge of the present study area, 
in the first detailed examination of the Pajarito Mountains. 
Knight (1970) worked in the Oro Blanco District eight kilo
meters to the west of the Pajarito Mountains, and correlated 
units between the two areas. Drewes (1981) published the 
first detailed map of the entire area, at a scale of 
1:48000.

Present study
The author was introduced to the area through dis

cussions with John Guilbert of the University of Arizona, 
Gordon Haxel and Richard Tosdal of the U.S. Geological 
Survey, and Leo Sheehan, formerly of American Copper and 
Nickel Co., Inc. Evidence of possible mineralization in 
the western part of the area, and differences in interpre
tation of the major units in the range, indicated that 
detailed mapping was necessary to elucidate the strati
graphy, structure, and geologic history of the area, and



5
the place of mineralization within that history. Sixty 
field days were spent mapping 25 square miles during the 
winter and spring of 1982-83. A topographic base was used 
(Fig. 3) with some interpretation done on aerial photo
graphs. The present study was undertaken, in part, to 
determine whether stratigraphic proof could be found to cor
roborate a Jurassic age assignment for rocks constituting 
most of the Pajarito Mountains, and if so, how the rocks in 
this range fit into the now widely recognized Jurassic arc 
system exposed in the southwestern United States.



REGIONAL GEOLOGY

A brief summary of the geology and tectonic history 
of southwestern and south-central Arizona, and in particu
lar the Jurassic arc, is provided as a context for the 
geology of the pajarito Mountains.

precambrian and paleozoic rocks are absent from a 
large area in southwestern and south-central Arizona and 
northern Sonora, from the sierrita and Tucson Mountains on 
the northwest, and the Santa Cruz River valley on the 
northeast, to Caborca, Sonora (Fig. 4; Wilson, 1969;
Drewes, 1981; G.Haxel and T.Anderson, pers. comm., 1983). 
Although Precambrian and paleozoic strata were doubtless 
present in this area, either intense erosion during 
paleozoic and Triassic time stripped off the sedimentary 
cover, or the Precambrian and paleozoic sections are buried 
beneath the Mesozoic and Cenozoic volcanic rocks and sed
imentary deposits. The former possibility may be unlikely, 
as there is no strong evidence of precambrian or Paleozoic 
clasts in Mesozoic conglomerates in the area.

in latest Triassic and Early Jurassic time an arc- 
trench system developed off the western margin of North 
America, probably due to plate reorganization associated 
with the breakup of Pangea (Dickinson, 1981). In south
ern and western Arizona this arc is represented by thick

6
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Fig. 4. Jurassic igneous rocks exposed in southern 
Arizona and Sonora.

"The Hole", an area where Precambrian and Paleozoic rocks 
do not outcrop, is delimited with a broken line.
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sections of rhyolitic and rhyodacitic volcanic rocks and 
volcaniclastic sediments. Although the full geographic 
extent of the Jurassic arc rocks is unknown, especially in 
western Arizona, recognized remnants of the arc are wide
spread (Fig. 4). Eolian sandstones considered correlative 
with the Navajo and Aztec Sandstones of the Colorado Pla
teau are locally interstratified with these volcanics 
(Knight, 1970; Drewes, 1971? Miller and Carr, 1978; Bilo
deau and Keith, 1979; Haxel and others, 1980; Segerstrom,
MS in prep; this report). Jurassic igneous rocks intrude 
or were locally deposited unconformably on cratonic Paleo
zoic sections (Kluth, 1983; Richard, 1983) (Fig. 4), indi
cating that the arc system in southern and western Arizona 
was continental. Hydrothermal mineralization, although 
apparently not well developed, left rich deposits at Bisbee 
and minor deposits at other locations, such as Courtland- 
Gleeson and the Montosa mine in the Patagonia Mountains.

Jurassic magmatism occurred in southern Arizona 
from 190 to 150 m.y. ago (Wright et al, 1981; Kluth, 1983). 
In Late Jurassic time the locus of volcanism shifted far to 
the west along the margin of the continent (Dickinson,
1981) . In south-central and southeastern Arizona, north
west-trending basement faults were reactivated as high- 
angle faults (Titley, 1976; Kluth, 1983) . Dickinson (1980) 
and Bilodeau (1982) suggested that this episode of high



9
angle faulting was related to incipient rifting that 
created the Chihuahua Trough. Fault movements may have 
been sympathetic with movement on the Mojave-Sonora 
megashear (Kluth, 1983). Anderson and Silver (1979) and 
Dickinson (1981) have suggested that the megashear accommo
dated transform movement possibly associated with the 
opening of the Gulf of Mexico. High-angle faulting re
sulted in the formation of deep submarine basins, with mar
ginal broad alluvial fans receiving sediments from the 
eroding arc. Coarse clastic formations such as the Glance 
conglomerate and Mount Hughes Formation (Bilodeau, 1979) in 
southeastern Arizona, the Sand Wells Formation (Haxel and 
others, 1978), and possibly the Apache Wash Formation in 
western Arizona (Harding, 1982; Richard 1983) developed at 
this time. Approximately 110-120 m.y. ago southern Arizona 
began to subside and marine rocks of the Chihuahua-Bisbee 
Trough transgressed northwestward (Kluth, 1983). This 
transgression is represented by the Bisbee Group, widely 
exposed in southeast and south-central Arizona.

In late Cretaceous time, the locus of arc magmatism 
shifted eastward back into Arizona (Coney and Reynolds, 
1977) . Late Cretaceous to early Tertiary volcanism was 
widespread, and associated intrusive activity was widely 
associated with copper mineralization. The predominant 
structural style at this time was contractional. After
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Late Cretaceous-early Tertiary volcanic activity there was a 
lull in magmatic activity until Miocene-Oligocene time, when 
rhyolitic volcanic and volcaniclastic sections thousands of 
meters thick were deposited over large areas in southern and 
western Arizona. Broad basins that formed during and 
following mid-Tertiary volcanism filled with locally derived 
volcanic and crystalline detritus and local lacustrine lime
stone. In early Miocene time, large-scale crustal extension 
on low-angle normal faults broke these basins and tilted the 
enclosed strata (Eberly and Stanley, 1978) .

From mid-Miocene to recent time, southern Arizona 
has been affected by the cessation of subduction along the 
continental margin. Bimodal volcanism and high-angle Basin 
and Range faulting have shaped the present-day topography.

This study was undertaken, in part, to provide a 
more complete geographical reference for the Jurassic arc.
If volcanic rocks present in the Pajarito Mountains were 
proven to be of Jurassic age, what clues could be gleaned 
regarding the stratigraphy of the Jurassic arc in southern 
Arizona, and what information could be added to the body of 
knowledge concerning the arc?



STRATIGRAPHY AND LITHOLOGY

A section of Mesozoic and Cenozoic rocks up to 6500 
meters thick in the Pajarito Mountains represents much of 
the geologic and tectonic history described above. A 
northwest-striking belt of Lower or Middle Jurassic(?) 
rhyolite to rhyodacite is overlain by Upper Jurassic(?) or 
Lower Cretaceous(?) conglomerate and a thin section of 
Cretaceous Bisbee Formation. A thick volcanic section of 
probable mid-Tertiary age is in fault contact with the older 
rocks. Steep northwest- and northeast-striking faults cut 
the area, but the full extent of faulting is probably masked 
by the homogeneity of the Jurassic rhyolite. Quartz latite, 
rhyolite, and microdiorite dikes and sills intrude the Meso
zoic and parts of the Tertiary section (Fig. 5).

Regional correlation
The stratigraphy of the Pajarito Mountains is very 

similar to that of the Oro Blanco district described by 
Knight (1970), and his usage is followed here except as 
noted. The section described by Nelson (1963) in the Pena 
Blanca area contains fewer lithologic units than that de
scribed here, and apparent inconsistencies in his litho
logic interpretation make correlations uncertain. Drewes's 
(1980) stratigraphic section was based on the conclusion

11
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that rocks in the Pajarito Mountains are Cretaceous and 
younger (Fig. 6).

13

Jurassic Rocks
The greater part of the Pajarito Mountains is under

lain by Jurassic(?) quartz porphyry. 'Quartz porphyry1 is a 
field term used to describe Jurassic volcanic and hypabyssal 
rocks throughout western and southern Arizona and adjacent 
Sonora and California, They range in composition from dacite 
to rhyolite, with ubiquitous conspicuous quartz phenocrysts. 
In the Pajarito Mountains, quartz porphyry is represented by 
the Cobre Ridge Tuff, which extends in outcrop from the 
eastern margin of the range to the Summit Motorway (Figs. 2 
and 3). It forms the high ridges of the range, with steep- 
walled, deeply incised canyons. Average relief is 215-245 
meters and outcrops are frequently blocky due to pronounced 
jointing (Fig. 7).

The Cobre Ridge Tuff is a sequence of altered and 
incipiently metamorphosed(?) crystal-rich rhyolite to rhyo- 
dacite up to 3000 meters thick (Fig. 5). The textural 
homogeneity of the quartz porphyry masks faults, so this 
thickness is uncertain. The base of the Cobre Ridge Tuff 
is nowhere exposed, and it is unconformably overlain by, 
and in fault contact with. Summit Conglomerate. In hand 
sample, the rock is pink to purple-grey on both fresh and 
weathered surfaces, with conspicuous phenocrysts of white
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Fig. 7. Jointed canyon wall of Jurassic Cobre Ridge Tuff.
Joints are spaced 1 per 5-10 cm, and strike 185/55SE. Photo 
taken in lower Alamo Canyon.
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plagioclase, pink potassium feldspar, and rounded quartz 
(Fig. 8). Relict biotite crystals are hematitized. The 
rock has a coarse grained and unsorted texture with no 
alignment of crystals. In thin section, the alteration is 
apparent; plagioclase crystals are variably replaced by 
sericite and kaolinite, K-feldspar grains are obscured by a 
semi-opaque mat, and biotite crystals are virtually entirely 
altered to hematite and sericite. Quartz grains show a 
characteristic lobate resorbed shape, although in places 
quartz overgrowths are apparent. In general the rock is 
phenocryst-rich. Quartz and feldspar phenocrysts average 2 
mm in length, and relict biotite and opaque minerals average 
0.5 mm. The matrix consists of quartz and feldspar, either 
as a cryptocrystalline mat or as grains up to 0.01 mm in 
diameter. Poorly developed snowflake devitrification tex
ture (Anderson, 1969), rare spherulites, and a variety of 
crudely radial crystal growths in the groundmass indicate 
that the matrix was originally glassy but structureless. 
Variations in groundmass grain-size in different parts of 
the section may reflect relative stratigraphic position in 
the unit. No unequivocal pumice or shards were found in any 
of the thin sections, and no reworking textures are 
apparent, although crystals are in some cases broken or 
bent.

Small inclusions of quartz and feldspar of uncertain 
origin are common in some parts of the Cobre Ridge Tuff.
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Fig. 8. Hand sample of Cobre Ridge Tuff.
Note visible quartz, plagioclase, and potassium feldspar 
phenocrysts. Scale in centimeters.
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The inclusions are elongate, lensoid features a few to 
several centimeters in length (Fig. 9). These fragments 
may well be cognate textural irregularities in the tuff, or 
they may be altered devitrified pumice. Xenolithic frag
ments include arkose, rhyolite, quartzite, granophyre, and 
aplite, and are larger and frequently well-rounded (Fig.
10). These xenoliths are less common than the quartz-feld
spar inclusions, and represent vent wall rock or rocks 
caught up in the moving flow.

The origin of the Cobre Ridge Tuff is problematic.
In hand sample the rock appears tuffaceous, and Drewes 
(1980) called the unit 'rhyodacite welded tuff'. Nelson 
(1963) used the name 'Pajarito Lavas', although he noted 
some glass shards in thin sections. Knight (1970) called 
the Pajarito Mountains section identical to his Cobre Ridge 
tuff 'rhyolite welded tuff member'. Textures observed in 
thin sections as part of this study include snowflake 
devitrification and matrix-supported phenocrysts, which 
would be consistent with crystallization from a melt (C.J. 
Eastoe, pers. comm., 1985). The thickness of the unit is 
more permissive of a tuff than of a lava; cooling units, 
however, were not apparent, and no microscopic textures 
indicative of a tuff were observed. The name Cobre Ridge 
Tuff is retained here after Knight (1970), although in the 
Pajarito Mountains the unit may be described more accurately 
as a rhyolite flow.
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Fig. 9. Elongate fragments in the Cobre Ridge Tuff.
Fragments are composed of quartz and feldspar, and define 
foliation. Elongation parallel to scale. Photo taken in 
section 34, T23S, R12E.
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Fig. 10. Xenolith in the Cobre Ridge Tuff.
Boulder of arkose, about 20 cm in diameter, was probably 
derived from sedimentary rocks interbedded locally in 
Jurassic volcanics. Photo taken in upper Alamo Canyon.
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Drewes (1981) mapped a rhyodacite intrusive body on 
the eastern edge of the Pajarito Mountains, laterally 
gradational with the 1 rhyodacite welded tuff. The lack of 
foliation over much of the Cobre Ridge Tuff outcrop area 
and the absence of recognized flow tops or bottoms are con
sistent with a hypabyssal body. No field evidence, how
ever , specifically supports this hypothesis. In addition, 
microscopic textures of rocks collected in the rhyodacite 
body are identical to those collected elsewhere in the 
Cobre Ridge Tuff outcrop area.

Point counts of 400 points on each of 10 slides are 
summarized in Table 1 and Figure 11. The Cobre Ridge Tuff 
is rhyolitic to rhyodacitic in composition.

Although all previous workers have called the Paja
rito Mountains section Cretaceous (Webb and Coryell, 1954; 
Nelson, 1963; Drewes, 1981), two lines of evidence indicate 
that the Cobre Ridge Tuff is very probably of Lower-Middle 
Jurassic age. First, it is depositionally overlain by 
conglomerate which in turn underlies readily identifiable 
Bisbee Group sedimentary rocks; thus the conglomerate and 
quartz porphyry are older than Lower Cretaceous. This 
depositional sequence was not previously recognized in the 
Pajarito Mountains. Second, at the eastern edge of the 
Pajarito Mountains in Potrero Canyon (Fig. 12), Drewes 
(1980) mapped small pods of "Bisbee” sandstone, which he 
interpreted as xenoliths incorporated into the mass of
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Table 1. Summary of point counts done on 10 thin sections 
of Cobre Ridge Tuff.

quartz 18.5%
K-feldspar 20.0%
plagioclase (An 30) 13.7% phenocrysts
biotite 2.7%
opaque grains 0.7%
groundmass 43.5%
alteration mineral 

grains
0.8%

TOTAL 99.9%

Point counts of groundmass were done on two slides:
quartz 29.2%
K-feldspar 28.4%
plagioclase 16.4%
alteration minerals 0.8%
unidentified grains 25.2%
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Q

rhyo-
dacite dacite

rhyolite

trachyandesltmor trachybasalt

Fig. 11. Modal volcanic rock classification of Streckeisen (1973).
o Modal analyses of the Cobre Ridge Tuff by point count of 

phenocrysts.
x Modal analyses by point count of phenocrysts and ground- mass .
--  Tie line.
Circled square is the average of 10 analyses.
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k

Jurassic Cobra Ridge Tuff
[yJs.yj Eollan srkosic sandstone, Navajo equivalent (?)
- A* Strike and dip of Joint In Cobra Ridge Tuff
— iff Strike and dip of foliation In Cobra Ridge Tuff
* Strike and dip of quartzite

Fig. 12. Generalized geologic map of Potrero Canyon.
Potrero Canyon lies east of the area mapped in Fig. 3.
Note similarities of strike and dip of bedding in the sand
stone and foliation in the Cobre Ridge Tuff.
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"Cretaceous rhyodacite porphyry". This area, although out
side of the study area, was mapped in reconnaissance, and 
these sandstone bodies were recognized as quartz arenites 
interbedded with rhyolite porphyry that are very similar to 
volcanic rocks in the main part of the range, in addition, 
the quartzite bodies strike north-south and dip moderately 
to the west, as do the volcanic rocks. In the Baboquivari 
Mountains, quartzite is interbedded with 190-to-200-m.y.-old 
volcanic rocks (Wright and others, 1981). This quartzite 
has been tentatively correlated with Jurassic Navajo Sand
stone of the Colorado plateau (G.Haxel, pers. comm., 1983). 
Megascopic similarities between rocks in the pajarito and 
Baboquivari Mountains, and the presence of the interbedded 
quartzite, therefore strongly suggest a Jurassic age for the 
Cobre Ridge Tuff.

As a lower Jurassic rhyolitic volcanic unit, the Cobre 
Ridge Tuff probably correlates with many other Jurassic 
volcanic sequences with interbedded quartzites in southern 
Arizona. Lithologic correlation with the Ali Molina Forma
tion of the Baboquivari Mountains has been mentioned, and 
Knight (1970) correlated the Cobre Ridge Tuff with the Ox 
Frame volcanics in the Sierrita Mountains, and basal vol
canic rocks in the Cerro Colorado Mountains. Rhyodacite 
virtually identical to the Cobre Ridge Tuff is exposed in 
the planchas de Plata district in northern Sonora (Fig. 1; 
Segerstrom, in prep.) and tentative correlation has been
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made with other Jurassic sequences throughout Sonora 
(T.Anderson, pers. comm., 1983).

Jurassic - Cretaceous Rocks 
The informal name 'Summit Conglomerate1 is used here 

for a thick sequence of coarse clastic rocks exposed in the 
central Pajarito Mountains. Compositional variations over 
short distances preclude selection of a single type section. 
The unit outcrops predominantly along the Summit Motorway 
(Fig. 3).

The Summit Conglomerate is exposed in a northeast
trending belt about 3 by 6.5 kilometers in the study area, 
and extends southward into Sonora. It forms low rounded 
hills with an average 50 meters (160') relief, and is from 
a few meters to as much as 1000 meters thick, although 
areas of poor outcrop may mask faults. The upper contact 
is gradational with the Lower Cretaceous Bisbee Formation 
and the lower contact, though rarely exposed, is an angular 
unconformity on the underlying Cobre Ridge Tuff. Knight 
(1970) gives the following description of the contact at 
Ruby in the Oro Blanco district (p. 20-21):

The conglomerate lies on an erosional surface 
formed on the Cobre Ridge tuff. Locally a few 
degrees of angular discordance are visible...
At the base the rock consists entirely of coarse 
brecciated Cobre Ridge tuff having little or 
no finer grained matrix. The volcanics are 
noticeably reddened for several feet below the contact.



In the study area the contact was observed in only 
three locations: in two of these (Figs. 13 and 14), quartz
porphyry is overlain by a weathered gravelly surface that is 
in turn overlain by conglomerate. in the other location, 
non-weathered Cobre Ridge Tuff is overlain by Summit Con
glomerate on a surface with approximately three meters 
relief.

The Summit Conglomerate is a coarse conglomerate 
with subrounded to angular clasts ranging in size from 
pebbles to boulders (Fig. 15). Average clast diameter is 
about 10 centimeters; the normal maximum size is about one 
meter, although there are rare anomalous boulders up to 
eight meters in length. The conglomerate varies from 
clast-supported with only a few percent of matrix to 
matrix-supported; sandstone or siltstone interbeds are pre
sent rarely, in general the conglomerate is massive, 
without obvious bedding.

Individual outcrops are grey-purple, brown, or 
variegated in color owing to varied clast composition.
Where intruded by rhyolite dikes, the conglomerate is 
bleached and iron-stained, predominant clast types vary 
within particular outcrop areas: overall, more than 50% of
the clasts are derived from the underlying Cobre Ridge Tuff; 
other clast types present in varying percentages are flow- 
banded rhyolite tuff, arkose, fine grained latite, 
quartzite, lithic sandstone, granophyre, and porphyritic
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Fig. 13. Depositional Summit Conglomerate - Cobre Ridge 
Tuff contact.

Fresh Cobre Ridge Tuff (below hammer) is overlain by gravel 
layer (under hammer head), which is in turn overlain by 
Summit Conglomerate (a few centimeters above the hammer 
head). Photo taken in section 31, T23S, R12E.
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Fig. 14. Summit Conglomerate - Cobre Ridge Tuff contact.
Cobre Ridge Tuff (Jcr) is depositionally overlain by rubble 
zone and Summit Conglomerate (JKs); both are cut by low- 
angle fault. Head of Penasco Canyon, section 31, T23S, 
R12E.
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Fig. 15. Summit Conglomerate in outcrop along the Summit 
Motorway.

Subrounded to angular clasts average 10 cm in diameter.
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pink granite. The pink granite clasts are similar to dis
tinctive granite about 150 m.y. old exposed near Nogales and 
in the Baboquivari Mountains (G.Haxel, R.Tosdal, T.H.Ander- 
son, pers. comm., 1983).

In thin section, the matrix of the Summit Conglomer
ate ranges from shale to sandstone, with angular grains of 
quartz, plagioclase, microcline, myrmekite, granophyre, bio- 
tite, and zircon, up to 25% secondary calcite is locally 
present.

The angularity and size of the clasts and the chao
tic, mud matrix-supported nature of the conglomerate indi
cate that the Summit Conglomerate is an alluvial fan deposit 
largely of volcanic provenance. Clast populations indicate 
that the source area was primarily but not entirely under
lain by Cobre Ridge Tuff. The Summit Conglomerate probably 
correlates with the Glance Conglomerate of the Santa Rita, 
Patagonia, and Huachuca Mountains, and is therefore probably 
latest Jurassic and/or Early Cretaceous in age. It con
formably underlies the Bisbee Formation, and is thus older 
than late Aptian (Hayes, 1970a). The presence of probable 
150-m.y.-old granite clasts suggests that it is no older 
than Late Jurassic. The age of the Glance Conglomerate is 
bracketed by similar limits (Hayes, 1970a). According to 
Hayes (1970a), the lithologic composition of the Glance 
conglomerate is everywhere controlled by its immediate sub
stratum; Bilodeau (1978) observed that thin or lower parts
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of the Glance are monomictic whereas thicker sections become 
more varied in clast composition. The Summit Conglomerate 
in general conforms to this observation: along depositional
contacts the conglomerate clast population and matrix are 
derived exclusively from the Cobre Ridge Tuff, while at the 
upper contact of the Summit Conglomerate with the Bisbee 
Formation sediments, the clast population is far more varied.

Cretaceous Rocks
Sedimentary rocks assigned to the Bisbee Formation 

conformably overlie the Summit Conglomerate. The name 
1Bisbee Formation1 was first applied to these rocks by 
Drewes (1981), who cited their lithologic similarity to 
known Bisbee Formation rocks. Dickinson (pers. comm., 1983) 
agreed that the lithic-poor nature of the sandstones and 
siltstones supports correlation with the Bisbee Formation. 
The unit outcrops only in the southwest corner of the study 
area (Fig. 3). Due to the disjunct outcrop pattern, no 
stratigraphic section was measured; map thickness in the 
area is as much as 200 meters.

The contact with the underlying conglomerate is 
conformable, grading over an average of three meters from 
mixed-volcanic-clast conglomerate upward to limestone- 
quartz porphyry-sandstone conglomerate, angular limestone 
conglomerate, and finally to thin-bedded limey mudstone.
The upper contact is exposed in one place at the southern



end of the Summit Motorway, where an agglomerate that is 
probably part of the Montana Peak Formation unconformably 
overlies Bisbee Formation conglomerate.

The Bisbee Formation comprises thin evenly bedded 
arkosic sandstone and siltstone, non-fossiliferous algal 
limestone, and conglomerate (Fig. 16). Sandstone and 
siltstone are brown to tan on weathered surfaces and green-, 
brown to tan on fresh surfaces. A typical section includes 
sandy mudstone or algal limestone in beds a few millimeters 
to two centimeters thick grading into cycles of fine- to 
coarse-grained sandstone in 2-20 centimeter beds. The 
sandstone and siltstone contain quartz, detrital chert or 
volcanic rock grains, and up to 25% feldspar crystals in a 
quartz matrix. Irregular conglomerate lenses are composed 
of angular to subrounded clasts of Cobre Ridge Tuff and 
weathered 150-m.y.-old granite in a green or grey-green 
matrix containing abundant quartz and chlorite. Rare sedi
mentary structures include mud cracks, ripple marks, and 
channeling; laminations on a millimeter scale are common, 
especially in algal limestone. Three paleoflow indication 
measurements taken in widely different parts of the outcrop 
area suggest a 335-345 paleocurrent direction.

The lack of fossils in the Bisbee Formation in the 
Pajarito Mountains precludes an absolute age assignment.
The one fossil found in thin sections was identified by 
K.F. Inman (pers. comm., 1983) as a fresh-water gastropod.
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Fig. 16. Bisbee Formation
This outcrop at Tonto Tank is about 4 meters high, and con
sists of interbedded mudstone, sandstone, and siltstone.



Approximately one kilogram of the limestone dissolved 
in HC1 yielded neither fossils nor organic matter. The 
Bisbee Formation in the Pajarito Mountains is assigned an 
Early Cretaceous age based on lithologic similarities to 
the Amole Arkose in the Tucson Mountains (Risley, 1983) .

Although no definitive facies analysis has been done 
on the Bisbee Formation in the Pajarito Mountains, a pre
liminary facies correlation can be made between sequences 
exposed in the Pajarito Mountains and those described by 
Risley (1983), based on similarities of rock types and 
stratigraphic succession. Bisbee Formation strata in the 
Pajarito Mountains probably represent a lacustrine and 
lake shore deposystem. A fresh water environment is indi
cated by the gastropod; local mud cracks indicate a near 
surface or intermittently subaerial environment. Strati
graphic sequences generally correlative between the Paja
rito Mountains and the Tucson Mountains are coarsening- 
upward cycles capped by fine-grained sandstones and algal- 
laminated limestone, and intercalated mudstone, siltstone, 
and algal-limestone packages. According to Risley (1983), 
the first sequence represents deltaic cycles capped by 
lakeshore deposits, and the second sequence represents a 
lake or floodplain facies. Further stratigraphic analysis 
would be necessary to assign a more definitive deposi- 
tional model to Bisbee Formation rocks exposed in the 
Pajarito Mountains.
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Tertiary Rocks
Tertiary rocks of two ages are exposed in the paja- 

rito Mountains, and are in conformable contact with each 
other and in fault or unconformable contact with the under
lying Mesozoic rocks. Neither unit was studied in detail as 
part of this project.

The older of the two units is a sequence of dacite 
to andesite tuff and flow, agglomerate, and lithic sand
stone, and is called here the 'Montana peak Formation1 
after usage of Knight (1970). Nelson (1963) also used 
the name 'Montana peak Formation' to describe rocks which 
may be temporally correlative but are lithologically dis
tinctive. The Montana peak Formation underlies most of 
the western third of the study area (Fig. 3); it forms 
steep hill slopes and deep canyons, with an average of 180 
meters relief. The contact with the underlying Mesozoic 
sequence is a fault everywhere except where an agglomerate 
unit of assumed Montana Peak-affiliation unconformably 
overlies the Bisbee Formation. Drewes (1981) mapped con
formable contacts between the "Salero lower member" Mon
tana peak Formation and the "Salero welded tuff member" 
Cobre Ridge Tuff; in every case, however, the "Salero 
welded tuff member" was found to represent either altera
tion or minor lithologic variations within the Montana 
peak Formation. At its upper contact, the Montana peak 
Formation is conformable with the Atascosa Formation.
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At the type locality, the Montana Peak Formation is 

broken into five members (Knight, 1970) comprising basal 
andesite tuff, dacite tuff, and andesite and dacite flows. 
Although the Pajarito Mountains section has not been 
examined in detail, the volcanic units correlate in general 
between the two areas. The primary disparity is the pre
sence of clastic rocks in the Pajarito Mountains. Sandstone 
units one to ten meters thick consist of olive drab beds of 
calcareous mudstone to coarse immature arkose 3-15 centi
meters thick. A unit of nearly monomictic conglomerate, 
which could be a useful marker unit in future studies of the 
Montana Peak Formation, contains large pink boulders of 
probable 150-m.y.-old granite (Fig. 17). Other rock types 
present in the Montana Peak Formation include dacite por
phyry, which closely resembles some of the Ridge Tank quartz 
latite dikes described below, dacite and andesite flows 
(Fig. 18), a dacite-clast agglomerate, and volcaniclastic 
sandstone.

The age of the Montana Peak Formation is not cer
tain. Drewes (1981) assigned these rocks to the lower 
member of the upper Cretaceous Salero Formation because of 
their inferred stratigraphic position and their lithologic 
similarity with rocks in the Santa Rita Mountains. This 
study did not substantiate the stratigraphic assignment, 
and K/Ar dating of a biotite from an andesite flow at 
Montana Peak gave an age of 27.2 m.y. (Shafiqullah, 1978;



Fig. 17. Conglomerate in the Montana Peak Formation.
The conglomerate is nearly monomitic 150-m.y.-old (?) 
granite. Photo taken in section 30, T24S, RUE.



39

Fig. 18. Flow-banded dacite in the Montana Peak Formation. 
Photo taken in section 30, T23S, R12E.
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Knight, writ, comm., 1982), clearly younger than upper 
Cretaceous. In addition, a K-feldspar from the Sidewinder 
quartz monzonite, which Knight (1970) documented as an 
intrusive equivalent of the Montana Peak Formation, yielded 
a K/Ar date of 24.6 m.y. (Knight, writ. comm., 1982).
Single mineral dates are highly suspect in rocks that are 
at least incipiently altered, but the mid-Tertiary dates 
are reasonable. The author assigns the Montana Peak Forma
tion to the mid-Tertiary because of its local freshness, 
the two isotopic dates, and its stratigraphic position con
formably underlying ash-flow tuff similar to dated Oligo- 
cene ash-flow units throughout Arizona.

The youngest indurated unit in the Pajarito Moun
tains is a volcanic sequence called here the 'Atascosa 
Formation’ after the usage of Webb and Coryell (1954),
Nelson (1963), and Knight (1970). In the Pajarito Moun
tains this unit is exposed in Pena Blanca Canyon, along the 
northern edge of the study area, and in scattered outcrops 
in the western part of the area (Fig. 3). The Atascosa 
Formation unconformably overlies, and is in fault contact 
with, Mesozoic units in the eastern part of the study area, 
and conformably overlies the Montana Peak Formation to the 
east.

Individual units were not broken out as part of this 
study. In general, the Atascosa Formation comprises air- 
fall and subaqueous ash-flow tuff, and agglomerate. The



reader is referred to Knight (1970) or Nelson (1963) for 
more complete descriptions of the Atascosa Formation.
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Quaternary Units
Quaternary gravels are exposed in the lower reaches 

of canyons in the north and west parts of the range. One 
older gravel is exposed in Walker Canyon approximately 15 
meters above the current drainage, and is composed of mono- 
lithologic quartz porphyry conglomerate and coarse sand.

Jurassic granite
A small body of the Jurassic(?) granite of Nogales 

outcrops in Potrero Canyon, east of the main study area 
(Fig. 12). This rock does not outcrop in the area of Figure 
3 and was not studied in detail, but is similar to 150-m.y.- 
old granites exposed in the Comobabi Mountains (Haxel et al, 
1978) , and near Nogales, Sonora (L.Segerstrom, pers. comm., 
1983). The granite intrudes the Cobre Ridge Tuff on the 
east edge of the Pajarito Mountains, and occurs as cobble- 
size clasts in the Summit Conglomerate and as boulders in 
the Montana Peak Formation (Fig. 17). Its identity with the 
Juniper Flat granite at Bisbee and the Jurassic granitic 
intrusions of Turquoise, Gleeson, and Copper Bell type at 
Courtland-Gleeson can only be speculated upon.
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Tertiary dikes

Three swarms of Tertiary dikes are exposed in the 
Pajarito Mountains, almost entirely in the western half of 
the area (Fig. 3). From oldest to youngest they are quartz 
latite dikes and sills, rhyolite dikes, sills, and pods, and 
microdiorite dikes. Phenocryst counts of thin sections from 
the quartz latite and rhyolite swarms are given in Table 2.

Quartz latite dikes
The name 1 Ridge Tank quartz latite1 is used here for 

a swarm of dikes and sills exposed in the Pajarito Mountains 
that correlates with the Sidewinder quartz monzonite dikes 
in the Oro Blanco district (Knight, 1970). Ridge Tank 
quartz latite dikes and sills frequently intrude fault zones 
(Fig. 3), and appear to have no preferred orientation. The 
dikes clearly cut the Montana Peak Formation, but were not 
found cutting the Atascosa Formation. In hand sample, the 
rock is grey brown with prominent plagioclase crystals; 
weathered surfaces are grusy. In thin section, the quartz 
latite is generally porphyritic with a very fine-grained 
groundmass that is resolvable into quartz and kaolinite.

Rhyolite dikes
Two oogenetic swarms of rhyolite dikes, sills, and 

pods exposed in the Pajarito Mountains are differentiated by 
outcrop pattern and composition. One dike swarm (Tr^ on 
Fig. 3) occurs in the higher part of the stratigraphic
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Table 2. phenocryst counts of Ridge Tank quartz latite 
and rhyolite dike and sill swarms.

Sidewinder quartz latite dikes and sills; phenocrysts 
25-50% of rock

Quartz, embayed, 0.3-1.5 mm diameter . 5-35%
Plagioclase (An 25), euhedral, 

up to 2 mm length 20-60%
K-feldspar, up to 2 mm length 5-20%
Biotite tr-20%
Hornblende 5%
opaque grains 

Alteration:
minor

Plagioclase partially to wholly altered to sericite and kaolinite
Hornblende wholly altered to calcite 
K-feldspar crystals have incipient matted texture 

Rhyolite dikes
Tr^; phenocrysts 55% of rock

Sanidine, 2 mm diameter 45-55%
Quartz, < 1.5 mm diameter 45-55%

Tr2; phenocrysts 15-20% of rock 
Plagioclase, 2.5 mm length 80%
Biotite, 1 mm length 20%
opaque grains tr

Alteration: phenocrysts and groundmass are commonly
altered to sericite and kaolinite
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section: dikes of this variety crop out only in the Bisbee
Formation, along the Bisbee-Summit Conglomerate contact, and 
in the Montana Peak Formation. Outcrops are blocky and re
sistant, and the dikes often cap ridges or form steep can
yon walls. The dikes typically strike northwest, in a pat
tern similar to that in the Oro Blanco district and in the 
Baboquivari Mountains (Kinght, 1970? Haxel et al, 1980).

The second rhyolite swarm (Tr2 on Fig. 3) outcrops 
within the Summit Conglomerate and in two locations along 
the contact between the Summit Conglomerate and the Cobre 
Ridge Tuff. In the southern part of the conglomerate out
crop.belt (Fig. 3) outcrops of this swarm are so irregular 
and numerous that individual pods were not mapped. This 
second rhyolite swarm consists of pods, sills, and dikes 
without apparent preferred orientation or dip. In thin 
section, the rhyolite is weakly porphyritic; phenocrysts 
compose only 15-20% of the rock, and of these, 50% are mega
scopic. The groundmass is made up of finely crystalline 
quartz and feldspar.

The rhyolite dikes may have acted as feeders for 
the Atascosa Formation, as suggested by Knight (1970), 
although there is no direct evidence for this in the Paja- 
rito Mountains. The structurally higher dike swarm may 
represent the actual feeder dikes, and the structurally 
lower swarm may represent small apophyses at greater depth. 
Megascopic and morphologic similarities suggest that the
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rhyolite dikes may correlate with the Allison Camp rhyolite 
dike swarm in the Baboquivari Mountains, which has been 
isotopically dated at 24 m.y., and is related to mid- 
Tertiary volcanic rocks (Haxel et al, 1980).

Microdiorite dikes
The youngest dike swarm exposed is loosely termed 

the 'microdiorite dikes'. 'Microdiorite' is a field term 
applied to very fine to fine grained, green to black mafic 
dikes in southern and western Arizona.

In the Pajarito Mountains, microdiorite dikes are 
exposed in only a few places within the Summit Conglomerate 
and are all under twenty meters in strike length. They are 
spatially associated with faults, occurring near them but 
not within the fault plane.

The composition of the microdiorite dikes was not 
accurately determined due to their advanced alteration. In 
hand sample, the dikes are green and fine-grained. Small 
carbonate-mineral vugs make up about 10% of the rock. In 
thin section, relict grain shapes indicate that the mega- 
crysts were primarily plagioclase crystals that have been 
altered to calcite. Some primary quartz remains unaltered. 
Metastable calcite has in turn begun retrograde (?) altera
tion to quartz. The groundmass is microlitic and composed 
primarily of calcite, chlorite, and magnetite. Chlorite 
grains are largely anhedral, but some relict crystal shapes
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suggest that the chlorite is an alteration product of 
hornblende or pyroxene. Magnetite occurs probably as a 
replacement of biotite.

Thin section description of the microdiorite corre
lates with Knight's (1970) Blue Ribbon andesite, although 
in the Oro Blanco district the dikes have a characteristic 
blue color and are apparently fresher. Knight (1970) hypo
thesized that the Blue Ribbon andesite is time-correlative 
with the Montana Peak Formation, but cross-cutting relation
ships in the Pajarito Mountains indicate that the micro
diorite is younger than the rhyolite dikes, which cut the 
Montana Peak Formation (Fig. 19).
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Fig. 19. Microdiorite dike.
Microdiorite dike cuts rhyolite dike correlative with 24- 
m.y.-old Allison Camp rhyolite (Haxel et al, 1978). Photo 
taken in section 6, T24S, R12E.



STRUCTURE

The structure of the Pajarito Mountains is charac
terized by northwest- and northeast-trending high-angle 
faults, and low-angle normal-displacement faults. Seven 
deformational events are recognized or inferred in the Paja
rito Mountains: 1) Late Jurassic(?) high-angle normal
faulting along northwest trends; 2) Late Cretaceous(?) 
tilting concurrent(?) with folding of the Summit Conglom
erate and fault juxtaposition of the Summit Conglomerate and 
Bisbee Formation; 3) Laramide(?) or mid-Tertiary(?) low- 
angle thrust faulting or gravity gliding of the Summit Con
glomerate and Bisbee Formation sediments onto the Cobre 
Ridge Tuff; 4) Mid-Tertiary northeast-trending high-angle 
faulting; 5) Mid-Tertiary normal(?) faulting along reacti
vated northwest trends; 6) Late Tertiary(?) minor thrust 
faulting; and 7) Late Tertiary north-northeast-trending 
high-angle normal faulting.

Foliation in the Cobre Ridge Tuff 
Elongate fragments in the Cobre Ridge Tuff define 

flow foliation (Fig. 9). These fragments are not ubiqui
tous throughout the outcrop area of the Cobre Ridge Tuff, 
but where present they strike fairly uniformly to the 
northwest and dip to the southwest. Drewes (1980, p . 74)
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suggested that this foliation is "not parallel to a tabular 
mass of welded tuff, as is commonly the case, but was formed 
by other sorts of flowage, perhaps within a 'puddled' mass 
of accumulated hot ash, or more likely as foresets of a 
thick ash flow.” As mentioned previously, however, on the 
eastern flank of the Pajarito Mountains, interbedded 
quartzite parallels the foliation in the Cobre Ridge Tuff in 
strike and dip (Fig. 12). The flow foliation is therefore 
interpreted to represent alignment of originally horizontal 
or subhorizontal cognate features.

Late Jurassic High-angle faulting 
Bilodeau (1978, 1982) has shown that faulting in Late 

Jurassic (?) time along northwest to west trends occurred 
just prior to, and contemporaneously with, deposition of the 
Glance Conglomerate. Although there is no direct evidence 
for Late Jurassic high-angle faulting in the Pajarito Moun
tains, the presence of large angular boulders of Cobre Ridge 
Tuff and probable 150-m.y.-old granite in the Summit Con
glomerate indicates that the quartz porphyry and intruding 
granite had been uplifted to considerable height above the 
developing Summit Conglomerate; boulders locally up to eight 
meters long suggest proximity to a fault scarp. Based on 
the regional pattern of Glance-age northwesterly faults, it 
seems probable that such northwest-trending faults developed 
in the Pajarito Mountains. One of the major joint set
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orientations measured in the Cobre Ridge Tuff, 90-120, may 
be a relict indicator of the late Jurassic stress field that 
produced the presumed northwest- to west-trending faults.

Late (?) Cretaceous tilting 
The Cobre Ridge Tuff dips moderately to the south

west in nearly every location where foliation is present 
(Fig. 3). Where more complete Mesozoic sections are exposed 
in southern Arizona (Knight, 1970/ Haxel et al, 1978, 1984; 
Kluth, 1983), Jurassic and unconformably overlying lower 
Cretaceous strata dip moderately to steeply. Although the 
juxtaposition of the Cobre Ridge Tuff and the Summit Con
glomerate is complex, it may be reasonable to assume that 
both were originally dipping to the southwest, as is the 
case in the Oro Blanco district (Knight, 1970). Timing of 
southwestward tilt is not certain; it may be associated with 
Laramide deformation.

Late (?) Cretaceous folding 
The Summit Conglomerate is folded about a northwest 

axis in the northernmost part of the conglomerate belt 
(Figs. 3 and 20). Figure 21 is a stereoplot of poles to 
bedding that define the fold; the fold axis plunges 10,
123, and the axial plane strikes 124/88NE. Folding appar
ently occurred before juxtaposition of the conglomerate and 
underlying Cobre Ridge Tuff, because foliation in the quartz 
porphyry dips uniformly to the southwest under the fold
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Fig. 21. Poles to bedding in the Summit Conglomerate fold.
Lower-hemisphere equal-area-plot of poles to bedding that 
define the fold in the Summit Conglomerate. jQ  -  fold axis.
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(east end of cross-section A-A", Fig. 20). Knight (197 0) 
documented several northwest-trending open folds in the Oro 
Blanco Formation that he attributed to forceful emplacement 
of the Cretaceous Ruby diorite, a sill-like body that 
intrudes the Oro Blanco conglomerate. Because the Summit 
Conglomerate is the youngest folded unit in the Pajarito 
Mountains, the age of folding may be as old as early Creta
ceous. It is assigned a Mid- to Late Cretaceous age to 
correlate with folding in the Oro Blanco district (Knight, 
1970).

Juxtaposition of Bisbee Formation and Summit Conglomerate 
The juxtaposition of the Bisbee Formation and the 

Summit Conglomerate is locally complex. Although it is 
clear from exposures in section 36, RUE, T23S (Fig. 3) 
that the Bisbee Formation depositionally overlies the Sum
mit Conglomerate, in most places the contact is a moder
ately dipping normal fault (cross-section C-C', Fig. 20). 
The amount of slip on this fault is unclear, owing to the 
lack of identifiable stratigraphy within the Summit Conglo
merate, but it may be as much as several hundred meters. 
Because of the concordant nature of strikes and dips within 
the Bisbee Formation and the Summit Conglomerate, the 
author proposes that juxtaposition of the two units occur
red prior to low-angle faulting of the Summit Conglomerate 
onto the Cobre Ridge Tuff.



Laramide(?) Low-angle Faulting of Summit Conglomerate
onto Cobre Ridge Tuff

The contact between the Cobre Ridge Tuff and the 
Summit Conglomerate is enigmatic: northeast-dipping con
glomerate overlies southwest-dipping rhyolite along a flat 
contact. In general, the Cobre Ridge Tuff strikes northwest 
and dips 30-70 degrees southwest. The Summit Conglomerate 
normally strikes northwest and dips 20-50 degrees northeast, 
except for the fold noted above. Five kilometers to the 
west of the contact area, in the Oro Blanco district, Knight 
(1970) noted "a few degrees of angular discordance" at the 
contact between the Cobre Ridge tuff and the overlying Oro 
Blanco Formation, but the Cobre Ridge tuff and the Oro 
Blanco Formation strike northwest and dip southwest.
Assuming that the Oro Blanco and Summit conglomerates are 
essentially correlative and underwent similar deformational 
and rotational events, a 90 degree discordance in dip de
mands explanation.

The contact between the Cobre Ridge Tuff and the 
Summit Conglomerate was probably originally depositional 
throughout the area. In the only locations where the con
tact outcrops it is depositional; in two of these (Figs. 13 
and 14) weathered and broken Cobre Ridge Tuff is overlain by 
Summit Conglomerate. The attitudes of these contacts are 
120/15NE and 085/35NE, conformable with the overlying con
glomerate. In neither place was flow foliation found in the
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underlying quartz porphyry; by analogy with the Oro Blanco 
district, however, a depositional contact is probable.

Along 20 meters of stream cut in section 31 (Fig. 3 
and 14) a depositional Cobre Ridge Tuff-Summit Conglom
erate contact is cut by a fault oriented 065/15NW; east of 
the stream cut the two units are juxtaposed along the fault. 
The entire exposed length of the fault is marked by about 25 
centimeters of gouge. Quartz porphyry immediately subjacent 
to the fault dips to the southwest (Fig. 3).

In many places along the map trace of the contact 
(Fig. 3) conglomerate dips moderately northward into a con
tact whose map trace is subhorizontal. For example, in 
southwest quarter of section 31 and northwest quarter of 
section 6 (Fig. 3), the conglomerate dips 17-45 degrees 
into a contact that contours the ridge crest. It is 
apparent from these relationships that the contact is, in 
general, not conformable with either the overlying con
glomerate or the underlying quartz porphyry.

The unconformable contact may be depositional, 
although the actual geometry of the contact (cross-section 
A-A'', Fig. 20) suggests that this is unlikely; in addi
tion, regional evidence suggests only small amounts of 
angular discordance along the Jurassic volcanic-Lower 
Cretaceous sediment contact (Knight, 1970; Haxel et al,
1984 ) .
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The contact therefore may be a ramping thrust fault 

or may be a low-angle detachment surface, either a listric 
normal fault or a gravity glide surface. Poor exposure of 
the fault may be due to erosion of gouge along the fault. 
Although no evidence exists for an extensive low-angle 
fault system in either the Oro Blanco district (Knight,
1970) or the Blanches de Plata district (L. Segerstrom, in 
prep), such faults may be buried, or they may be limited to 
the Pajarito Mountains. Certain age limitations are sug
gested by local intrusion of the contact by a rhyolite sill 
(Fig. 3) that is lithologically similar to the 24-m.y.-old 
Allison Camp rhyolite of the Baboquivari Mountains (Haxel 
et al, 1978). Correlation of the two rhyolite swarms 
implies that movement along a low-angle surface occurred 
before 24 m.y. ago, or prior to low-angle detachment 
faulting in southern and western Arizona (Davis, 1981 and 
references therein). Thus the contact may be a ramping 
thrust fault or a detachment gravity glide surface; avail
able data, however, do not favor one model over the other.

Mid-Tertiary Northeast-trending faults 
Northeast-trending faults are exposed primarily 

in the western half of the area, although mineralized shear 
zones throughout the range may belong to this family of 
faults. These faults strike 050-070 and dip steeply to the 
northwest. The most important of the northeast-trending
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faults, which strikes through section 36, RUE, T23S and 
sections 19, 31, and 32, R12E, T23S, places Montana Peak 
Formation on the west side against Cobre Ridge Tuff, Summit 
Conglomerate, and Bisbee Formation on the east side. The 
amount of throw on this normal fault is uncertain, and may 
be as much as several hundred meters. A minimum of 250 
meters of movement is required if the outcrop of Montana 
Peak Formation in section 6 (Fig. 3) is the basal unit.
Some of the other northeast-trending faults may have re
verse movement, for example the fault in section 1, RUE, 
T23S, (Fig. 3) that juxtaposes a section of Summit Con
glomerate depositionally overlain by Bisbee Formation 
against faulted Bisbee Formation and Summit Conglomerate. 
Northeast-trending faults are intruded in many places by 
mid-Tertiary Ridge Tank quartz latite dikes.

Mineralization throughout the Pajarito Mountains is 
associated with 050-070 shear zones that consistently dip 
steeply to the northwest.

Mid-Tertiary Northwest-trending normal (?) faulting
Most major juxtapositions of different age rock 

units in the Pajarito Mountains occur along northwest
trending normal (?) faults that are probably breaks along 
reactivated Late Jurassic faults. The three major 
northwest-trending faults are exposed on the northeast edge 
of the range, along the southwestern edge of the Cobre Ridge
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Tuff/ and along the southwest edge of the Bisbee Formation 
outcrop block (Fig. 3). These faults strike 290-345, and 
their sense of offset is generally down to the northeast, 
with tens to hundreds of meters of throw. Minor strike slip 
movement has occurred on some of the more westerly trending 
of the faults. Cross-cutting relationships indicate that 
the northwest-trending faults are younger than the 
northeast-trending faults, although the intrusion of Ridge 
Tank quartz latite dikes along the faults indicates that at 
least some of the movement was pre-mid-Tertiary.

Late Tertiary (?) thrusting 
One small late thrust fault in the northwest corner 

of the study area places Montana Peak Formation over younger 
Tertiary volcanic rocks. The total stratigraphic separation 
is not known, but is probably small.

Late Tertiary North-northeast-trending high-angle
faulting

A high-angle, north-northeast-trending fault bounds 
the area on the west, with the west side down-thrown. This 
fault cannot be traced on aerial photographs to the north 
and south of the area mapped. The fault cuts a northwest
trending fault (Fig. 3), is not intruded by dikes, and is 
probably the youngest fault in the area.
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Brecciation and shearing of dikes intruded along 
most of the fault planes suggest that recurrent fault move
ment was common.

Joints
Figure 22 is a rose diagram of strikes and dips of 

joint planes in the Cobre Ridge Tuff. The greatest number 
of orientations lies within the area 190-220, SE dip, with a 
lesser maximum at 90-120, NE dip. The primary 190-220 
strike direction is reflected in the trend of the major 
drainages in the eastern part of the study area, and may 
reflect the late Tertiary Basin and Range stress field that 
caused high-angle faults along 020 trends in the Pajarito 
Mountains (number 7 above; Fig. 3). The west-northwest 
trend may reflect the Late Jurassic stress field, number 1 
above, or may reflect the more recent stresses that caused 
mid-Tertiary high-angle faults.



59

2 7 0 * 15 %
9 0 ®

180 ®

Fig. 22. Poles to joint surfaces in the Cobre Ridge Tuff.

Secondary^aximura^11-



I

REGIONAL STRUCTURE

The structure of the Oro Blanco district appears to 
be more complex than that of the Pajarito Mountains; this 
appearance of complexity may be due in large part to the 
more complete Jurassic section and accompanying marker units 
exposed in the Oro Blanco district. In general, Knight 
(1970) described the structure in the Oro Blanco as 
comprising northwest-striking, southwest-dipping Mesozoic 
rocks cut by north-northeast, northeast, and northwest- 
striking normal or high-angle reverse faults. Many of these 
faults have rotated the entire section. Figure 23 shows a 
regional sketch cross-section between the Oro Blanco 
district and the Pajarito Mountains.

The structural setting of the Planchas de Plata dis
trict 12 kilometers south of the Pajarito Mountains is 
characterized by northeast- and northwest-trending high- 
angle faults that cut a northwest-striking, southwest
dipping Jurassic volcanic sequence (Segerstrom, in prep).

The major difference in structural styles between 
the Oro Blanco district and the Pajarito Mountains is the 
presence of low-angle fault surfaces in the latter. The 
only low-dip structural features in the Oro Blanco district 
are sub-horizontal zones of mineralization and silicifica- 
tion that cut the Cobre Ridge tuff (Knight, 1970); the
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Fig. 23. Regional sketch cross-section.
Section drawn from the Oro Blanco district across the Pajarito Mountains to the east edge of the study area. 
Geology west of Sycamore Canyon from Knight, 1970. For explanation of geologic symbols see Fig. 3.
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outcrop pattern of these zones suggests that they are not a 
continuation of the low-angle faults in the Pajarito 
Mountains.

Similar styles of high-angle faulting occur in the 
Pajarito Mountains and Oro Blanco district, but the ages of 
the faulting events differ. Knight (1970) documented the 
oldest faulting in the Oro Blanco district along north- 
northeast trends, and the youngest along northwest trends, 
in contrast to the Pajarito Mountains where the oldest docu
ment able high-angle faults trend northwest, and the youngest 
trend north-northeast. In addition, Knight noted that no 
significant displacement of the Montana Peak or younger 
Tertiary units has occurred, whereas in the Pajarito 
Mountains the largest stratigraphic separations occur on 
faults that juxtapose Tertiary against Mesozoic rocks, with 
estimated separations of hundreds of meters.

The Pajarito Mountains and Oro Blanco district have 
undergone some similar styles of deformation but at dif
ferent times and with different results. Northwest-trending 
faults active in Mesozoic time in the Oro Blanco district 
were apparently not reactivated there in Tertiary time, and 
conversely, faults of similar orientation had no documen- 
table movement in the Pajarito Mountains before possibly 
Late Cretaceous. Tertiary-age north-northeast and
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northeast-trending faults in the Pajarito Mountains produced 
the structural setting perceived today, whereas in the Oro 
Blanco district it appears that the structural setting has 
been essentially static since late Mesozoic time. Low-angle 
surfaces along which most of the Lower Jurassic(?) and Upper 
Jurassic or Lower Cretaceous (?) rocks are juxtaposed in the 
Pajarito Mountains do not occur in the Oro Blanco district. 
Despite the fact that the lower Jurassic volcanic rocks 
appear to occupy a continuous, although disrupted, strike 
belt, the two areas may have acted as separate structural 
blocks since the Late Cretaceous southward tilting of the 
Cobre Ridge Tuff and its overlying conglomerate.



GEOCHEMISTRY

Whole rock analyses of nine samples of Cobre Ridge 
Tuff (Tables 3 and 4) most closely resemble those of a rhyo
lite, although the modal analyses (Fig. 9) suggest that the 
rock is a rhyodacite; the distinction between rhyolite and 
rhyodacite is not important in terms of genesis or charac
teristics of the unit. Compared to average rhyolite, the 
Cobre Ridge Tuff has an average of 0.6% less E^Og*, 2% less 
Na20, 0.9% less Cao, and 1.3% more K20. The effect of lower 
Na20 and CaO is apparent in the norm: normative corundum
averages 4.64% in Cobre Ridge Tuff, as opposed to 1.02% in 
average rhyolite; normative quartz and orthoclase are 11% 
and 9% respectively above the average, and calcic and sodic 
plagioclase are 17% and 4% lower. The rock is notably 
peraluminous: molar Al^g/tCao-+ Na2o + K20) varies from
1.08 to 2.13, with eight of the nine analyses over 1.35, 
compared to 1.05 for an "average" rhyolite.

The Cobre Ridge Tuff contains up to 5.98% K20, and 
plots as a potassic rhyolite on variation diagrams such as 
that of Irvine and Barager (1971), which classifies volcanic 
rocks according to their normative K-feldspar content (Fig. 
24a), or Ewart's (1979) K/Rb vs Rb plot, in which the Cobre 
Ridge Tuff plots close to the High-K rhyolite field (Fig. 
24b). The unit is not peralkaline, however, as by
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Table 3. Chemical analyses and Barth norms of the Cobre Ridge Tuff 65

X-Ray fluorescence done by X-Ray Laboratories, Inc, Toronto, Canada. Accuracy reported by the lab is + 1% of the value reported. 
* Total Fe as FegOg **113-10 is a duplicate of 107-3 ***Rhyolite and rhyodacite from Cox, Bell and Pankhurst (1979) 
****Pcraluminous rhyolite from Noble (1984). I

S a m p le
H um ber 1 1 3 -1 1 2 4 -8 2 2 5 -1 1 0 6 -3 1 0 7 -1 1 0 7 -3 1 1 3 -1 0 * * 1 0 7 - 8 1 0 8 -1 9 - 8 3

a v g .  o f  9
s a m p le s

r h y o l i t e
* * *

rh y o 
d a c i t e

p e r a l u a l n o u e
r h y o l i t e * * * *

sio2 7 4 .9 % 7 3 .1 7 4 .9 7 6 .0 7 5 .7 7 7 . 4 7 7 .1 7 7 . 4 7 3 . 9 7 3 .7 7 5 .0 7 2 .8 2 6 5 .5 5 7 3 . 7

A l jO j 13.4% 13.1 1 3 .0 1 3 .1 1 2 .9 1 1 .4 1 1 .4 1 2 .9 1 3 .3 1 3 .3 1 2 .9 1 3 .2 7 1 5 .7 3 1 5 .0

F = 2 °3 W 1.90% 2 .2 1 2 .0 8 1 .9 5 1 .6 6 1 .6 8 1 .5 9 1 .7 3 1 .9 0 2 .6 1 1 .9 9 2 .5 9 4 .0 1 1 .2 5

HnO 0 .0 2 % 0 . 0 8 0 .0 4 0 .0 5 0 . 0 5 0 . 0 4 0 .0 4 0 . 1 0 0 . 1 0 0 .0 4 0 .0 6 0 . 0 8 0 .0 8 0 .0 3

MgO 0 .4 0 % 0 . 3 2 0 .3 9 0 . 4 0 0 . 3 8 0 .3 7 0 .3 7 0 . 4 3 0 . 4 3 0 .4 4 0 .3 9 0 . 3 0 1 .7 4 0 .4 6

CaO 0 .1 5 % 0 .3 4 0 .1 7 0 . 1 2 0 .2 1 0 . 1 5 0 .1 5 0 . 1 5 0 . 1 2 0 .2 9 0 .2 4 1 .1 4 3 .8 3 1 .4 1

Ha20 1 .99% 3 .0 4 1 .9 9 0 . 0 3 0 . 0 5 1 .1 5 1 .3 1 1 .6 9 1 .4 9 1 .7 0 1 .4 9 3 .5 5 3 .7 5 3 .4 0

k 2o 5 .3 4 % 5 . 1 6 5 .4 1 5 .4 1 5 .9 5 5 . 6 8 5 .5 4 5 . 9 2 5 .9 8 5 .3 8 5 .5 9 4 . 3 0 2 .7 5 4 .7 0

t i o 2 0 .2 1 % 0 . 1 6 0 .2 4 0 . 2 2 0 . 1 8 0 .2 7 0 . 1 6 0 . 1 8 0 . 2 2 0 .2 4 0 .2 1 0 . 2 8 0 .5 4 0 . 1 4

p 20 5 0 .0 5 % 0 . 0 6 0 .0 3 0 .0 4 0 . 0 6 0 . 0 5 0 . 0 5 0 . 0 4 0 . 0 3 0 .0 7 0 .0 5 0 .0 7 0 . 1 8 0 .3 1

C r2 ° 3 0 .0 1 % 0 . 0 1 0 .0 1 0 .0 1 0 .0 1 0 .0 1 0 .0 1 0 . 0 1 0 .0 1 0 .0 1 0 .0 1 — — — —

LOI 1 .5 4 % 1 .0 8 1 .5 4 2 .1 6 2 .4 7 1 .6 2 1 .5 4 1 .5 4 1 .6 2 1 .6 2 1 .6 8 — — - — - —

TOTAL 1 0 0 .0 0 9 9 . 3 9 9 .9 9 9 .5 9 9 .7 9 9 . 8 9 9 .3 9 9 . 8 9 9 . 4 9 9 .5 9 9 .6

Rb (p p m ) 2 4 0 240 250 2 9 0 280 240 270 28 0 29 0 230 260 5 4 2

S r n o 70 100 120 70 120 130 2 0 0 150 4 0 no 118

Z r 130 170 130 130 130 130 110 130 160 170 140 39

9 (I) 4 0 . 5 8 3 2 .1 6 4 0 .3 8 5 3 .9 4 5 1 .3 5 4 7 .0 6 4 6 .4 7 4 0 . 2 9 3 9 .2 1 4 1 .0 1 4 3 .0 5 3 2 .8 7 2 2 .6 7

C 4 . 7 7 1 .2 8 4 .1 9 8 .2 7 7 . 1 8 3 .6 9 3 .5 5 4 . 0 3 4 .4 7 4 .9 6 4 .6 4 1 .0 2 0 .2 5

O r 3 2 . 8 3 3 1 .5 4 3 3 .3 2 3 4 .2 3 3 7 .6 3 3 5 .3 5 3 4 .5 6 3 6 .5 3 3 7 .0 5 3 3 .4 0 3 4 .6 4 2 5 .4 4 1 7 .7 2

Ab 2 8 . 5 9 2 8 .2 4 1 8 .6 3 0 . 2 9 0 . 4 8 1 0 .8 8 1 2 .4 2 1 5 .8 5 1 5 .9 1 1 6 .0 4 1 3 .7 3 3 0 .0 7 3 1 .0 5

An 0 . 4 3 3 .9 1 0 .5 4 0 . 3 6 0 . 7 0 0 .4 4 0 . 4 9 0 . 5 0 0 . 4 2 1 .0 3 0 .8 8 4 . 7 6 1 5 .0 4

h y / c n 1 .1 5 0 .9 1 1 .1 2 1 .1 8 1 .1 2 1 .0 8 1 .0 8 1 .2 4 1 .2 4 1 .2 8 0 . 8 8 1 .3 4 6 .1 9

» s t — 0 . 6 9 0 . 4 0 0 . 3 3 — — — — — ------ 0 . 1 6 1 .4 8 1 .4 8 3 .0 8

h e a 1 .2 4 0 . 7 9 0 .9 8 1 .0 4 1 .2 4 1 .2 3 1 .2 3 1 .2 2 1 .1 5 0 .2 9 1 .0 4 — — —

11 0 . 3 0 0 . 3 5 0 .3 2 0 .2 7 0 .0 8 0 .0 8 0 . 3 0 0 . 2 4 0 . 3 2 0 . 3 5 0 .2 6 0 . 5 4 1 .1 4

Ap 0 .1 1 0 . 1 3 0 .1 1 0 . 0 9 0 .1 3 0 .1 1 0 .1 1 0 . 0 8 0 . 0 6 0 .1 5 0 .1 1 0 .1 7 0 .5 9

r u t — — — — * — — — «»«»«•« 0 . 0 8 0 .0 8 0 .0 1 _ _ _ _ ee



66

Table 4. Locations of samples 
fluorescence.

analyzed by X-Ray

SAMPLE LOCATION
113-1 NW/4, NW/4, sec. 2, 

T24S, R12E
124-8 NW/4, SW/4, sec. 34 

T23S, R12E
225-1 SE/4, SE/4, sec. 31 

T23S, R12E
106-3 NE/4, SE/4, sec. 34 

T23S, R12E
107-1 NE/4, SE/4, sec. 34 

T23S, R12E
107-3 NW/4, NW/4, sec. 2, 

T24S, R12E
113-10 duplicate of 107-3
107-8 SW/4, SE/4, sec. 34 

T23S, R12E
108-1 SW/4, SW/4, sec. 35 

T23S, R12E
9-83 SE/4, NE/4, sec. 31 

T23S, R12E
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Fig. 24. Variation diagrams.
a: Cobre Ridge Tuff plots near the High-K series field in 
a Rb vs K/Rb diagram (after Ewart, 1979). b. Cobre Ridge 
Tuff analyses plot as K-rich rhyolite on the Ab'-An-Or dia
gram of Irvine and Barager (1971). Ab' = Ab + Ne.
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definition peralkaline rocks contain KgO > AlgOg + NagO. In 
addition, the Zr content of peralkaline rocks is frequently 
greater than 900 ppm (Noble, 1968); the Cobre Ridge Tuff 
contains 110 to 170 ppm Zr.

Although the Cobre Ridge Tuff is now peraluminous, 
i.e. AlgOg/fNagO + Cao + K20) > 1.0, its mineralogy and 
trace element composition suggest that it was not originally 
so. Noble et al (1984) described peraluminous rhyolites 
from Peru and hypothesized their equivalency with S-type 
granites. The compositions of rhyolite and peraluminous 
rhyolite (Table 3) more closely resemble each other than 
either resembles the Cobre Ridge Tuff. In the five samples 
analyzed by Noble et al (1984) Al2 °3 A Na20 + CaO + K20) = 
1.07-1.31, compared to average 1.50 in the Cobre Ridge Tuff, 
in addition, the P2Og content of the Peruvian peraluminous 
rhyolites averages 0.32%; the highest level of P205 in the 
Cobre Ridge Tuff samples is 0.07%. Of the three trace 
elements analyzed in the Cobre Ridge Tuff, only Sr is com
parable with values in the peraluminous rhyolite (Table 3). 
Noble et al (1984) reported muscovite, andalusite, and 
sillimanite as common accessory minerals in the Macusani 
rhyolites; none of these minerals is present in the Cobre 
Ridge Tuff.

The mineralogy and present composition of the Cobre 
Ridge Tuff evidently are not suitable for classifications 
that are based on alkali elements and calcium. Sericite
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seen replacing plagioclase and biotite in thin section indi
cates that some degree of alteration has occurred; the post- 
magmatic mobility of potassium is reflected in a K/Ar age of 
35.6 m.y. obtained from a K-feldspar in the Cobre Ridge tuff 
in the Oro Blanco district (Knight, writ. comm., 1982). The 
extremely low amount of NagO, less than half that of a 
"typical" rhyolite, could seemingly be explained only by 
total sericitization of plagioclase feldspars, a feature 
only observed in a few of the thin sections. In view of the 
similarity in composition between thin sections of Cobre 
Ridge Tuff (Fig. 9), the wide range of KgO/NagO ratios 
suggests mobility of Na20 during alteration. Drewes (1971) 
reported a similar problem in the Jurassic Mount Wrightson 
Formation in the Santa Rita Mountains 20 kilometers north
east of the Pajarito Mountains. Analyses of some units 
showed anomalously high values in KgO, and anomalously low 
contents of CaO and locally NagO, but thin sections did not 
show commensurate alteration. Drewes (1971, p. C-13) sug
gested that "most likely, selective addition or removal of 
material has occurred, as well as reconstitution of min
erals....Apparently some of the rocks have been silicified, 
potash metasomatized, and leached of lime." Wright et al 
(in press) noted the same problem in parts of the Baboqui- 
vari Mountains section.
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Analyses of the Cobre Ridge Tuff were therefore 

plotted on variation diagrams that use relatively immobile 
elements such as Zr and TiOg, or elements that correlated 
well between the Cobre Ridge Tuff and "typical" rhyolite, 
such as FegOg, MgO, and AlgOg. The Jensen Cation Plot 
(Jensen, 1976) uses cation percentages of AlgOg, FeO + FegOg 
+ TiOg, and MgO to differentiate between komatiitic, 
tholeiitic, and calc-alkaline fields (Fig. 25). The Cobre 
Ridge Tuff falls into the calc-alkaline rhyolite field, 
close to the tholeiitic field. Winchester and Floyd (1977) 
designed diagrams that compare ratios of immobile elements 
TiOg and Zr, Nb and Y, Ce, and Ga to classify metamorphosed 
and altered rocks. In Figure 26a, the Cobre Ridge Tuff is 
plotted on a SiOg vs Zr/TiOg diagram, and falls within the 
rhyolite field. According to Winchester and Floyd (1977), a 
ratio of ZriTiOg of 0.06-0.07, that of the Cobre Ridge Tuff, 
will fall into the rhyodacite field when plotted against 
Nb/Y or Ce. The Si02 vs Zr/Ti02 diagram can also be used as 
an index of alkalinity; the analyses of the Cobre Ridge Tuff 
plot as a group instead of along a differentiation trend, 
but the cluster plots in the area of a differentiated calc- 
alkaline series (Fig. 26b). The Cobre Ridge Tuff thus 
appears to be the rhyodacitic to rhyolitic end member of a 
calc-alkaline differentiation trend.
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FeO+Fe20 3+T i02

Fig. 25. Jensen Cation Plot (after Jensen, 1976).
Cobre Ridge Tuff analyses (line pattern) plot as calc- 
alkalic rhyolite using relatively immobile elements Al, Mg, 
Fe, and Ti.
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Fig. 26. SiO~ vs Zr/TiO~ variation diagrams after 
Winchester and^Floyd (1976).

The Cobre Ridge Tuff (dot pattern) plots as a: a rhyolite; 
b. the high-level differentiate of a calc-alkaline series.



In generalf the Cobre Ridge Tuff has characteristics 
of the lower Jurassic differentiated volcanic rocks, for 
example high silica (Drewes, 1971), and is geochemically 
similar to rhyolitic rocks in general.
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ECONOMIC GEOLOGY

Three principal goals have been pursued in economic 
investigations of the Pajarito Mountains. Since the 1890s, 
many small operations have prospected for silver, gold, 
lead, copper, zinc, and uranium in northeast-trending shear 
zones; more recently, American Copper and Nickel Co. con
ducted a detailed exploration program for remobilized 
concentrated uranium and for copper in a porphyry setting. 
In this chapter, the various exploration targets in the 
Pajarito Mountains will be discussed, followed by a brief 
comparison of mineralization in the Pajarito Mountains with 
that in the Oro Blanco and Planchas de Plata districts.

Mineralization in the Pajarito Mountains 
The Pajarito Mountains have been sporadically pros

pected for silver, copper, lead, and uranium from the 
mid-1800s to the present. The Index of Mining Properties in 
Santa Cruz County, Arizona (Keith, 1975) describes the 
Pajarito District (Fig. 27) as a

relatively small area of irregular and lensing fissure 
veins containing spotty argentiferous galena, pyrite, 
marcasite, and traces of chalcopyrite, sphalerite, 
arsenopyrite, cinnabar, wulfenite, vanadinite, fluorite, 
and locally pitchblende. Oxidation and supergene 
enrichment produced anglesite, cerrusite, argentite, 
native silver and rich gold pockets. Mineralization 
replaces gouge and altered wall rock or fills fractures 
in Cretaceous [sic] quartz latite [sic] volcanics.
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Total production is recorded as "1,000 tons of ore con
taining about 41 thousand ounces of silver, 159 tons of 

lead, 216 ounces of gold, 2.5 tons of copper and a few 
hundred pounds of zinc. A small amount of uranium was 
shipped" (Keith, 1975). Prospects and pits similar to those 
in the Pajarito District are scattered throughout the range, 
but unpublished data indicate that total production was less 
than 1000 tons. In addition to the fissure veins mentioned 
by Keith (1975), uranium has been prospected for along the 
northeast flank of the range, and geochemical and geophysi
cal anomalies indicate the possible presence of a poorly 
developed porphyry copper system in the western part of the 
study area, within the Montana Peak Formation (Red Hill on 
Fig. 27). Table 5 gives the location and a description of 
adits and pits in the study area, and Figure 27 shows loca
tions of adits and pits not on the 7.5' quadrangles, with . 
generalized geology superimposed.

Fissure veins
'Fissure vein' is the name given to mineralized 

veins that occur nearly exclusively along 050-070 shear 
zones with steep dips, parallel to the mid-Tertiary north
east-trending high-angle faults. Fissure veins occur in the 
Cobre Ridge Tuff and Summit Conglomerate, and along faults. 
In some cases, for example deposits C and D (Fig. 27), 
mineralization appears to have followed faults within the



Cobre Ridge Tuff; for the most part, however, associations 
with fault zones are not apparent.

The fissure veins occupy shear zones with a few 
centimeters to several meters of gouge, and contain one or 
more of quartz, calcite, clay, manganese oxide, iron oxide, 
argentiferous galena, sphalerite, chalcopyrite, pyrite, and 
pitchblende (Fig. 28). Alteration halos are iron- or man
ganese-stained, with local sericitization of feldspar crys
tals and groundmass. The halos typically extend a few 
centimeters to several tens of meters away from the shear 
zones. Throughout the range, manganese staining and altera
tion occur as irregular patches and zones not necessarily 
spatially associated with mineralized zones. In a few cases 
shear zones have been intruded by rhyolite, quartz latite, 
or mafic dikes, which locally are also sheared.

Geochemical analyses were done by American Copper 
and Nickel Co. on samples collected by ACNC and the author 
from pits and adits throughout the range. Samples of 
mineralization "high-graded" from dumps (Fig. 28) contained 
up to 5 ppm Au (0.16 oz/ton), 150 ppm Ag (4.8 oz/ton), 1%
Cu, 47% Pb, and 13% Zn. Typically, values decrease abruptly 
into the wall rock to values of negligible to 1 ppm Au, 
negligible to 50 ppm Ag, and up to 550 ppm Cu, 0.5% Pb, and 
0.5% ppm Zn. Two samples of "unaltered" rhyolite from the 
Pajarito District assayed <0.02 ppm Au, <0.5 ppm Ag, 1 ppm 
Cu, <2 ppm Mo, 160 ppm Pb, and 140 ppm Zn.
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Fig. 28. Ore sample.
Massive galena (probably argentiferous) occurs as pods in 
quartz and carbonate veins; the host rock is Cobre Ridge 
Tuff. Sample found near the Opaline and Reactor Mines (J 
Fig. 27), Alamo Canyon. Scale in centimeters.

on
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The fissure veins in the Pajarito Mountains may be 

classified as either epithermal or Cordilleran-type veins. 
Epithermal vein textures, such as coxcomb quartz crystals, 
colloidal quartz banding, and open-space filling are common. 
Other characteristics common to epithermal deposits and the 
fissure veins in the Pajarito Mountains are the limited 
vertical extent of the mineralized shoots, and the rapid 
drop-off of metal values into the host rock. Au:Ag ratios 
from "high-graded" sample assays done by. American Copper and 
Nickel Co. and from the Pajarito District (Keith, 1975) vary 
from 1:2.5 to 1:1375, and one sample assayed 47% base 
metals. Buchanan (1981) listed Au:Ag ratios and base metal 
contents of typical epithermal deposits: Au:Ag varies from
3:1 to 1:1200, and base metals represent 0-5% of ore 
samples. The fissure veins are hosted primarily by lower 
Jurassic volcanic rocks, but the veins also cut Jurassic- 
Cretaceous conglomerate that overlies the volcanic rocks and 
faults that juxtapose the two formations; thus the veins 
cannot be temporally related solely to the older volcanic 
rocks. Epithermal deposits are commonly spatially and 
temporally related to igneous rocks that host them.

Sawkins (1972) and Guilbert (1981) used the term 
"Cordilleran Vein" deposit to refer to fault-vein deposits 
with no obvious plutonic or hypabyssal source. Barr (1980) 
described controls on Cordilleran-type vein deposits in the 
Canadian Cordillera, some of which can be applied to the
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fissure veins in the Pajarito Mountains: 1) Geologic en
vironments are characterized by plugs or stocks of acid to 
ultrabasic composition. Intrusive rocks in the Pajarito 
Mountains vary in composition from diorite to rhyolite?
2) Veins follow pre-existing shear zones, frequently on or 
parallel to major faults; 050-070, the trend of the fissure 
veins, is a major structural trend throughout southern 
Arizona, associated with Laramide deformation; 3) Base metal 
minerals such as pyrite, pyrrhotite, sphalerite, chalco- 
pyrite, and galena are common? geochemical assays in the 
Pajarito Mountains recorded up to 47% base metals. Other 
features recorded by Barr (1980), such as folding and pro
nounced brittle deformation, are not common to the Pajarito 
Mountains. The author, however, classifies the fissure 
veins in the Pajarito Mountains as Cordilleran-type vein 
deposits, based on their lack of temporally associated 
igneous rocks, and their high base metal content.

The age of the fissure veins is problematic. In the 
Oro Blanco district, Knight (1970) noted the age of quartz- 
sulfide mineralization as younger than the Ruby diorite 
(80 m .y ., hornblende K/Ar, L.H. Knight, writ. comm., 1982) 
and older than the Sidewinder quartz monzonite, the intru
sive equivalent of the mid-Tertiary Montana Peak Formation. 
Apparent differences between the quartz-sulfide veins at Oro 
Blanco (discussed below) and the fissure veins in the 
Pajarito Mountains include the importance of gold at the



81
the former; it may, however, be realistic to assume that 
the quartz-sulfide veins and the fissure veins were pro
ducts of synchronous events. One prospect in the Pajarito 
Mountains supports this: at Q (Table 3 and Fig. 27) a
small mafic dike, possibly a Ruby diorite equivalent, is 
brecciated and mineralized. The area is intruded by a 
quartz latite dike, which is unaltered. Outcrops are poor, 
and the general zone of alteration trends northeast, al
though the precise trend of the mafic dike is not certain.

Dikes that may constrain the age of mineralization 
are exposed in few of the prospects. In pits at the Bed- 
springs Mine and the Summit Motorway properties (0 and P 
respectively on Fig. 27 and Table 3), however, quartz latite 
and rhyolite dikes are altered and sheared. It may be 
permissible to assign the Summit Motorway prospect to a 
younger mineralizing event, due to its unmistakable associa
tion with a fault zone in which mid-Tertiary dikes are 
sheared, but the fault trends 060, similar to all other 
structures that contain mineralization.

Uranium
American Copper and Nickel Co. explored success

fully for uranium in the early 1980s, primarily along the 
fault that bounds the area on the northeast (Fig. 3 and 27). 
In zones of alteration and intense fracturing, ACNC measured 
2-5 times background uranium and up to 20 times background
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equivalent uranium. The exploration model involved recon
centration of uranium that originally was a component of 
Tertiary volcanic rocks now exposed in the Atascosa Moun
tains. Although no geochemical data are available for the 
Atascosa volcanic rocks, there is a recognized correlation 
between rhyolitic plugs and domes, calderas, and uranium 
mineralization, usually accompanied by a concentration of F , 
Mo, Be, Li, and Hg (Nash et al, 1981). According to the ex
ploration model, uranium in the Atascosa Mountains may have 
been mobilized by devitrification of the volcanic rocks, and 
was redeposited along the ring fracture of a hypothetical 
Atascosa Caldera, i.e. the range-bounding northwest-trending 
fault. Six drill holes delineated mineralization that 
proved anomalous but non-economic in the current market.

In addition to the uranium prospected by American 
Copper and Nickel Co., Keith (1975) recorded that a small 
amount of uranium ore was shipped from the White Oak and Big 
Steve mines, which are fissure vein deposits. The source of 
this uranium is not known.

Porphyry potential
In the western part of the area, within the Montana 

Peak Formation, a red alteration zone (Fig. 30), dubbed 'Red 
Hill' on Fig. 27, corresponds to high stream sediment values 
of Cu, Pb, and Zn. Near that area Ridge Tank quartz latite 
dikes trend northeast, cross-cutting and intruding the 
Montana Peak Formation and complex faulted contacts between
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Fig. 29. Alteration of the Montana Peak Formation near Red 
Hill.

Hematite and jarosite staining and phyllic alteration are 
centered on pyritiferous Ridge Tank quartz latite dikes. 
Manganese staining is common throughout the range. The 
mapping clipboard is 23 X 30 cm.
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the Montana Peak, Summit Conglomerate, and Bisbee Forma-' 
tions. The Summit Conglomerate and Bisbee Formation rocks 
are somewhat bleached, but the main block of alteration is 
in the Montana Peak Formation. Alteration was not studied 
as part of this report, but according to M. Lahr of American 
Copper and Nickel Co., phyllic and argillic alteration is 
centered on pyritiferous Ridge Tank quartz latite dikes, and 
high Pb, Zn, and Cu values form a halo around Red Hill. 
Stream sediments in that area assayed up to 50 ppm Cu, 310 
ppm Pb, and 270 ppm Zn. An IP survey done by ACNC showed a 
high along a northeast trend, probably indicating pyrite in 
northeast-trending Ridge Tank quartz latite dikes. Several 
factors militate against detailed exploration for a base 
metal porphyry system in the area: the IP high does not 
close off to indicate a contained body, Cu and Mo values in 
stream sediments are not remarkable, and the base metals 
market is depressed. In addition, the mineralized quartz 
latite dikes are probably mid-Tertiary in age, and not part 
of the Laramide system commonly mineralized in Arizona.

Relationship of porphyry and 
fissure vein mineralization

Alteration and mineralization in the Red Hill area 
are intimately associated with the Ridge Tank quartz latite 
dikes, and are probably mid-Tertiary in age. Because no 
cross-cutting relationships were found, it is not clear how 
the fissure veins relate temporally to the Red Hill system.



Possibly, either one hydrothermal event was manifested diff
erently in different parts of the stratigraphic section, or 
the veins are a peripheral part of the Red Hill system.
Styles of alteration and mineralization may suggest 
different systems: the Red Hill area is characterized by a
lobate zone of pervasive alteration; the fissure veins are 
characterized by mineralized shoots and narrow alteration 
zones. In addition, alteration and mineralization on the 
west side of the range are characterized by the presence of 
ubiquitous pyrite, whereas deposits on the east side of the 
range have very little pyrite. Two hydrothermal events are 
therefore envisioned in the Pajarito Mountains: during the
first event, fluids containing silica, lead, silver, and 
minor uranium, zinc, and copper were selectively channeled 
along 050-070-trending shear zones, and the fissure vein 
deposits were precipitated. The location of the source of 
the fluids is not known. During the second event, hydro- 
thermal fluids containing iron, H+, sulfur (?), and perhaps 
gold, with sources possibly in the Ridge Tank dikes, flooded 
the Red Hill area, causing hematitic and phyllic alteration 
around Red Hill and pyritization farther east into the 
range. The local presence of sheared Ridge Tank quartz 
latite and rhyolite dikes in fissure veins indicates that 
fissure vein mineralization may have occurred partially 
through the Red Hill event.
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Lineaments

In the past ten years, many workers have examined 
the concept of lineaments and their possible relationship to 
ore deposits (Schmitt, 1966; Titley, 1976; Raines, 1978; 
Overstreet and Marsh, 1981; Turner et al, 1982). The last 
three have dealt with lineaments, structural features, and 
geochemical patterns as they apply to Sonora, Mexico. Of 
primary importance to exploration in the Pajarito Mountains 
is the Nogales lineament and zones of base metal concentra
tions associated with it (Fig. 29). The Pajarito Mountains 
appear to lie within the extension of a 200-1000 ppm lead 
anomaly and a 100-200 ppm copper anomaly. Stream sediment 
sampling by American Copper and Nickel Co. yielded values 
over the study area of 5-50 ppm copper, 5-300 ppm lead, and 
45-270 ppm zinc. Only the upper ends of these ranges are 
significantly above background values, and all are lower 
than values in adjacent Sonora. Further work by ACNC has 
failed to give important indication of the presence of a 
base metal system.

Mineralization at Pro Blanco and Planchas de Plata 
The reader is referred to Knight (1970) and Keith 

(1975) for a complete description of mineralization in the 
Oro Blanco district. The following description is sum
marized from Keith (1975). Mineralization at Oro Blanco 
occurs 1) in quartz-sulfide veins along faults, shear zones.
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Fig. 30. Northeast-trending linears and anomalous lead and copper.
Concenetrations of northeast-trending photo-linears in 
solid line; anomalous Cu ( 100 ppm) in dot pattern and 
anomalous Pb ( 200 ppm) in line pattern; after Turner et 
al (1982). PM=Pajarito Mountains; OBD=Oro Blanco district PP=Planchas de Plata district.
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and in fault intersections, and particularly in spatial 
association with a large Cretaceous diorite sill; minerali
zation is Au, Ag, and Pb, Zn, and Cu sulfides; 2) in flat, 
shallow silicified zones (faults?), mineralized with Au and 
Ag, usually within Cobre Ridge tuff; and 3) in steeply 
dipping tabular zones of bleached and sheared Cobre Ridge 
tuff and Oro Blanco conglomerate, with Au and Ag minerali
zation.

Mineralization in the Planchas de Plata district 
eight kilometers to the south of the Pajarito Mountains 
(Fig. 1; Segerstrom, in prep) is characterized by silver- 
rich deposits in fractured Jurassic or Cretaceous 
conglomerate. The deposits were localized in intersections 
of northeast- and northwest-trending fault zones that pro
vided channelways for the fluids.

Investigations of variations in rock types between 
the Oro Blanco, Planchas de Plata, and Pajarito Mountains 
districts may be crucial to understanding why richer depo
sits were concentrated in the Oro Blanco and Planchas de 
Plata districts than in the Pajarito Mountains. All three 
areas are underlain by Cobre Ridge Tuff equivalent. The 
conglomerate that overlies the tuff is correlative from the 
Oro Blanco district to the Pajarito Mountains, but the 
conglomerate that is mineralized at Planchas de Plata may 
not be correlative with the other two. The intersection of 
northwest- and northeast-trending faults is not uncommon in



89
the Pajarito Mountains, and thus different physical or 
lithological characteristics of the conglomerate may account 
in part for differences in mineralization in two similar 
geologic settings. Deposits in the Oro Blanco district are 
at least spatially associated with the Ruby diorite, which 
may occur only as small pods in the Pajarito Mountains (0, 
Table 5). If the Ruby diorite played an important role in 
localizing or supplying the source of heat, solutes, or 
solvents in the Oro Blanco district, its absence may explain 
the lack of deposits in the Pajarito Mountains.

Despite the proximity of the Pajarito Mountains to 
the Planchas de Plata and Oro Blanco districts, potential 
for ore-grade mineralization seems quite low. The inter
section of northeast- and northwest-trending faults, impor
tant in both other districts, is of little importance in the 
Pajarito Mountains, and differences in stratigraphy between 
the districts may be important as discussed above. It is 
possible that undiscovered high grade pockets lie along 
recognized shear zones, or other northeast trends. More 
extensive alteration in the Montana Peak Formation or near 
the low-angle faults might advise a more detailed geo
chemical survey, especially for such "pathfinder" elements 
as antimony, arsenic, mercury, and tungsten, but such work 
might well have more academic than economic value.
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Mineralization in Jurassic Rocks 

Only one major Jurassic hydrothermal ore deposit, 
that at Bisbee, has been found in southern Arizona. A 
Bisbee model can not be applied to the Pajarito Mountains 
area owing to the lack of extensive mid-Jurassic plutonic 
rocks. In general, however, there is a marked lack of 
mineralization associated with Jurassic igneous rocks in 
southern Arizona, California, and Sonora. Whether this is 
due to geochemcial or structural parameters is pure 
conjecture; as more detailed information becomes available 
on the stratigraphy, geochemistry, and tectonic development 
of the Jurassic arc, perhaps certain major differences will 
become apparent between the Jurassic system and more recent 
well-mineralized systems.



TECTONIC SYNTHESIS

The geologic history of the Pajarito Mountains will 
be synthesized in this chapter in the context of the geo
logic and tectonic history of the surrounding region.

The Precambrian and Paleozoic geologic history of 
south-central and southwestern Arizona is complicated by the 
area known informally as "the Hole" (Fig. 4), where no 
Precambrian or Paleozoic rocks are exposed, now definitely 
known to include the Pajarito Mountains. The oldest rocks 
exposed in ranges in "the Hole" are usually Lower-Middle 
Jurassic (Haxel et al, 1984). The area may have been sub
aerial in Paleozoic and Triassic time, or specific struc
tures in the region may have caused localized Triassic 
burial.

The boundaries of "the Hole" are not, in general, 
clearly defined. On the northeast the boundary is a fairly 
sharply defined northwest-trending line from the Santa Cruz 
River valley to the Santa Rosa, Sheridan, and Castle Moun
tains (Fig. 4), roughly corresponding to Titley's (1976) 
Nogales-Comobabi lineament. Poor geologic coverage south of 
Nogales renders the exact nature of the boundary toward the 
south and west uncertain. The northwest edge of "the Hole" 
is indefinite due to thick Tertiary volcanic cover around 
Ajo, but the boundary must pass between Puerto Blanco
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Mountain and John the Baptist Mountain south of Ajo (Haxel, 
writ. comm.f 1984).

Uplift and erosion occurred in the period between 
latest Permian and latest Triassic-early Jurassic time in 
southern and western Arizona (Hayes and Drewes, 1978? Kluth, 
1983). Evidence for this uplift includes the presence of 
conglomerate that contains clasts of Precambrian granitic 
rock in the basal Mount Wrightson Formation (Hayes and 
Drewes, 1978).

Farmer and DePaolo (in press) measured Nd and Sm 
initial isotopic compositions of Mesozoic and Cenozoic plu- 
tonic rocks in southern Arizona and compared the values 
obtained to Nd and Sm isotopic compositions characteristic 
of regionally extensive Precambrian rock units. They con
cluded that peraluminous granitoids throughout the Cor
dillera are derived from felsic Precambrian continental 
crust, and that metaluminous granitoids have probably been 
derived from Precambrian continental crust mixed with mantle 
magma. The importance of this study for south-central Ari
zona is that these data require that Precambrian continental 
crust be present. The reasons for the absence of Precam
brian and Paleozoic rocks at the surface in south-central 
and southwestern Arizona, however, remain unclear.

In the Mesozoic era, following Permo—Triassic 
uplift and erosion, continental Andean-type (Damon, 1978) 
arc magmatism began across western and southern Arizona and
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adjacent Sonora and California. Geochronologic data are not 
yet available or reliable for large parts of the arc, hence 
it is not yet possible to discuss time-space migration of 
volcanism. In Sonora, Anderson and Silver (1979) reported 
U-Pb dates of 170-180 m.y. for volcanic rocks; volcanic 
rocks in the Baboquivari Mountains are 180-190 m.y. old 
(Wright et al, 1981). Kluth (1983) obtained Rb-Sr dates of 
150-170 m.y. from rocks in the Canelo Hills. It is apparent 
that arc magmatism occurred over a period of 35-40 m.y.

On a regional scale, the Pajarito Mountains lie in 
the northeastern part of the northwest-trending Jurassic 
magmatic arc. Due to faulting along the Sonora-Mojave mega
shear, the southwestern boundary of the arc is uncertain.
The Cobre Ridge Tuff represents highly differentiated rhyo
lite and rhyodacite and occupies a position that may be a 
basal part of the magmatic section. Correlation of the 
Cobre Ridge Tuff with the Ali Molina Formation in the Babo
quivari Mountains, the Ox Frame Volcanics in the Sierrita 
Mountains, the Mount Wrightson Formation in the Santa Rita 
Mountains, and rocks in northern Sonora, indicates that the 
earliest stages of Jurassic magmatism extruded thousands of 
meters of rhyolitic to rhyodacitic volcanic rocks over 
several hundreds of square kilometers. Intra-arc basins 
represented by sequences such as the Pitoikam Formation in 
the Baboquivari Mountains (Haxel et al, 1980; Wright et al.
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in press) were probably common, and local peralkaline 
volcanic units (Wright et al, in press) may indicate that 
intra-arc rifting events took place from time to time within 
the period of arc magmatism.

Through the Cretaceous, the Pajarito Mountains re
mained part of an east-northeast-trending belt in southern 
Arizona and possibly northern Sonora that evolved as a 
tectonic unit. Northwest-trending high-angle faulting 
common to southeastern Arizona probably occurred in the 
Pajarito Mountains; deposition of Glance-Summit-Oro Blanco 
type conglomerate is recorded from the Rincon Mountains 
(Wilson, Moore, and O'Haire, 1969) to New Mexico (Hayes, 
1970a) and possibly through western Arizona. According to 
Hayes (1970b), the Pajarito Mountains area received Bisbee 
sedimentation from early to mid-Aptian, as did southern and 
eastern Arizona to the east and south of the Baboquivari 
Mountains. The area between the Pajarito Mountains and the
Tucson Mountains may have been a delta or lake peripheral to
\

the main Bisbee sea.
The generation of Middle Cretaceous faulting and 

basin filling that gave rise to the Fort Crittenden and 
related units is missing from the Pajarito Mountains? this 
gap appears to represent the last event that separates 
structural blocks east and west of the Santa Cruz River 
valley. If the northeast boundary of "the Hole" is a fault 
(Fig. 4), movement along it in middle Tertiary time could
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have caused preferential weathering of Middle-Late 
Cretaceous units. Alternatively, the southwest block may 
not have received Fort Crittenden sedimentation and Late 
Cretaceous-early Tertiary volcanic rocks.

Beginning in the late Cretaceous, southern Arizona 
may have deformed as an increasingly cohesive block. Pos
sible Laramide thrust faulting in the Pajarito Mountains may 
correspond to similar faulting in ranges throughout southern 
Arizona. Documentation by Rehrig and Heidrick (1976) indi
cates that Laramide stress fields were oriented predomin
antly north-northwest, resulting in east-northeast-trending 
extensional structures. Although the actual timing of 
mineralization in the Pajarito Mountains is probably mid- 
Tertiary, it seems apparent that fluids utilized zones of 
weakness along the east-northeast trend. Northeast-trending 
faults in the Pajarito Mountains may have been active in the 
Laramide, although most major movement on northeast trends 
is of mid- or late Tertiary age.

Although mid- to late Tertiary northwest-trending 
high-angle faulting seen in the Pajarito Mountains is not 
recognized in the Oro Blanco district, this faulting event 
probably has analogs in other ranges in southeastern Arizona 
associated with the formation of mid-Tertiary basins. Mid- 
Tertiary northeast-trending high-angle faulting may be a 
local feature within the Pajarito Mountains. Low-angle
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normal faulting is recognized in southern Arizona, but not 
in ranges immediate to the Pajarito Mountains. Thus if the 
contact between the Cobre Ridge Tuff and the Summit Con
glomerate is a low-angle normal fault, it may be somewhat 
anomalous in the area.

Basin and Range faulting, common throughout Arizona 
and the Basin and Range province, has caused much of the 
physiography of the southwest seen today.



CONCLUSIONS

Rhyodacite to rhyolite in the pajarito Mountains 
represent a small segment of the Jurassic magmatic arc 
exposed throughout western and southern Arizona, eastern 
California, and northern Sonora. High-angle block faulting 
and erosion of the arc are reflected in the Late Jurassic or 
Early Cretaceous coarse conglomerate. General subsidence 
brought the Bisbee seas, represented by possible lake sedi
ments in the pajarito Mountains, into southern Arizona. 
Thrust faulting or gravity gliding and northeast-trending 
shear zones may record crustal shortening associated with 
the Laramide orogeny. Quartz-siIver-lead veins are local
ized along northeast-trending faults, and may be associated 
with mid-Tertiary volcanism. Hematitization and pyritiza- 
tion in the eastern part of the area appear to be associated 
with one of the mid-Tertiary dike events; uranium concen
trated along a northwest-trending fault on the northeast 
edge of the area was probably remoblized from probable 
Oligocene-age volcanic rocks. Following mid-Tertiary 
volcanism, northwest- and northeast-trending faults 
juxtaposed Tertiary and Mesozoic rocks. Finally, movement 
along a north—northeast—trending high—angle fault exposed a 
Cenozoic and Mesozoic section that youngs westward.
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Table 4. Prospects in the Pajarito Mountains.

* indicates unofficial name. Location symbols refer to Figure 27

NAME LOCATION SYMBOL ON 
FIGURE 27

DESCRIPTION '

Midnight Mine Pena Blanca Cyn 
1/2 km south of 
Castle Rock, 
SW/4, SE/4; sec. 
34, T23S, R12E

A Two adits, deep cavern excavated. Northeastern adit on N60E 
shear. Clay gouge 1/2 meter thick. Abundant hematite 
staining, epldote, saussurite, sericite. Southeastern adit on 
NE shear, joints and slickenside striae indicate 3 generations 
of movement. Unpublished data indicate > 3 T Pb, > 4000 oz Ag 
removed.

j
St. Patrick Mine N/2, NE/4, sec.3 

T24S, R12E
B Group of pits and adits; main adit on N70E trend in Cobre Ridge 

Tuff. Detailed description in Keith, 1975. Abundant Mn stain, 
also secondary Pb (mimetite). Assay values >0.05 Au, >25 ppm 
Ag, >3000 ppm Pb, 400 ppm Zn, negligible Cu, Mo.

Sunset Mine Group NE/4, sec. 3 
NW/4, sec. 2, 
T24S, R12E

C Adits and shaft. Trench dug on N70E trend 0.5-1.5 m wide. 
Quartz veining, open space vein filling, pyrite casts, abundant 
mimetite, some wulfenite crystals. Mafic dike associated.
See also Keith, 1975. Assay high in Pb, Ag. Cobre Ridge 
Tuff host.

Morning Mine Group NW/4, sec. 2, 
T24S, SW/4, 
sec. 34, T23S, 
R12E.

D Shaft and pit on ridge crest, adit in stream valley, on N55E 
trend. Shear zone filled with quartz, Mn wad, clay, aluniteC?). 
Some open space filling. 5 generations jointing. Assays 
average high in Pb, Ag; minor Cu, Zn, Au. See also 
Keith, 1975. Cobre Ridge Tuff host.

White Oak Mine NE/4, sec. 2, 
T24S, R12E

E Group of adits and shaft. Shear zone on N63E. Brecciation of 
Cobre Ridge Tuff. Mimetite encrustations on joint surfaces. 
Open space veins filled with quartz, barite. Intense Fe 
flooding of host rock, completely silicified with micro-quartz 
veinlet stockwork locally. Alteration envelope 5-10 meters 
wide. See also Keith, 1975.

Unnamed pits immediately 
north of White 
Oak Mine

F Three pits, on N50E, N70E, and N75E shears. Crystalline and 
amorphous silica, abundant hematite staining. Sheared zones 
2-3 meters wide. Cobre Ridge Tuff host.

Big Steve Mine NE/4, NW/4, 
sec. 2, 
T24S, R12E

G Intersection of two shears N65E, 85" SE and N08W, 50" N.
Clay gouge with Mn + Fe. Silicification envelope a few cm wide, 
some argillic alteration of Cobre Ridge Tuff host. Maximum 
high-grade assay 100 ppm Ag, 47% Pb. See also Keith, 1975.

Joe Parker 5 W/2, sec. 4, 
T24S, R12E

H Five pits in Cobre Ridge Tuff. Pit 1 - phyllic alteration of 
host, MnO, Cu carbonates, shear N60E, 55*NW; 112 - N30E shear,
abundant clay; #3 - Silicification of host, hematite + minor gn. 
Quartz pervasive, galena crystalline, hem as specularite;
#4 - N40E, 85*SE shear, shaft "1001 to water. Silicification, 
Mn, Pb; #5 - Phyllic alteration + minor silicification, 
specularite. Brecciation, Mn wad in N60E vein. Calcite, 
siderite(?) locally quartz on calcite. Assayed 55 ppm Ag,
11.5% Pb. Unpublished data indicate U also prospected.

Opaline and Reactor 
Mines

NW/4, SE/4, 
sec. 5, T24S,. 
R12E

J

»
Mislocated on 7.5' quadrangle: actually 250 m downstream.
Quartz veining on N60E shear with clay, cal., secondary Cu. 
Ore was massive galena (Fig. 29). Host Cobre Ridge Tuff, 
brecciated, argillically altered. Unpublished data indicate 
U also extracted.

Unnamed pit SW/4, SW/4, 
sec. 36, 
T23S, R12E

K Small pit dug on fault contact between Bisbee Fm sediments and 
Summit Conglomerate. Fault intruded by quartz and barite.
Open space vein filling, primarily 1-2 cm thick veins, some 
colloidal banding. Fault trends N55E, 60"NW.

Unnamed pit SE/4, SE/4 
sec. 36, 
T23, R12E

L N60E-trending fault juxtaposes Montana Peak Fm. and Summit 
Conglomerate. Quartz veining, also calcite 5-50%. Mn to 
25%, pyrite vein controlled, with minor cpy. Host rock 
silicified.

Penasco Mine NE/4,SW/4, 
sec. 31, 
T23S, R12E

M Adits and shaft (501 to water). Shear on N60E, 55"SE in 
Summit conglomerate at surface; rocks on waste dump indicate 
contact with Cobre Ridge Tuff is at shallow depth.
Py > gn > si > cpy. Silicified zone about 3 meters wide.
Fault zone filled with clay and oxidized U. Gn, si in quartz- 
rimmed encrustations. Abundant jarosite stain. High-grade 
5 ppm Au, 60 ppm Ag, 14% Pb, 13% Zn. Mined zone 2 meters 
wide. Alteration envelope 50 meters wide. Unpublished data 
indicate Pb, Ag, Au, and U mined.

Prospects SW/4, NW/4, 
sec. 31, 
T23S, R12E

N N65E fault contact between Cobre Ridge Tuff and Summit Con
glomerate. Quartz flooding in CRT as silicification, in SC as 
fracture filling. Mineralization is gn, py, cpy, cov, bn.
Gn in massive veins with some cpy coating and minor calcite. 
Py also massive locally. Alteration envelope 5 meters wide.
2 ppm Au, 9.6% Pb.

Bedsprings Mine* SW/4, NW/4, 
sec. 32, 
T23S, R12E

0 N60E Trg intrudes Summit Conglomerate, is sheared. Gouge 
zone 3 meters wide. Py 1%, gn in veins with calcite. Fe, Mn 
staining, conglomerate baked by dike. High-grade assay 145 
ppm Ag, 18% Pb, 9% Zn.

Summit Motorway 
Property

SW/4, sec. 29 
T23S, R12E

P Major NE-trending fault intruded by Trt and Ttg* Host to 
mineralization is primarily Trg. Quartz and calcite veining, 
with py to 8%. Mimetite encrustations, vein pods of gn.
12 ppm Ag, 1.2% Pb. Unpublished data indicate Au mined.

Unnamed pit SE/4, SW/4, 
sec. 29 
T23S, R12E

Q Cobre Ridge Tuff intruded by mafic dike (Ruby dioite equiv
alent?) along NE trend. Chloritically altered, brecciated 
with quartz and sulfide mineralization. Host rock jarosite- 
stained with some quartz bxiation. Intruded by Trt on N40E. 
Brecciated mineralized dike assayed 80 ppm Ag, 2400 ppm Cu, 
4.3 ppm Au.

Nancy Riggs, M.S. thesis. 
Department of Geosciences 
University of Arizona,
1985





5 5 0 0

4 5 0 0 '

3 5 0 0 -

2000 -

5 0 0 0  -

-1 500  m
lKs Kb

4 0 0 0 ' -
- 1250 m

- 1000 m3 0 0 0 -

t IOOO

7 5 0  m

2000 J for all sections

Section 
A-A"

5 0 0 0 -
— 1 50 0  m-  1500m

— 1250 m-  1250m 4 0 0 0 -

— 1 0 0 0  m-1 0 0 0  m
' jTrt 3 0 0 0  -

7 5 0  m-  7 50  m

2000'-l

CROSS SECTIONS OF THE PAJARITO MOUNTAINS, SANTA CRUZ COUNTY, ARIZONA

Fig. 20 , Nancy Riggs,
M S. thesis, Dept, of Geosciences, 
University of Arizona, 1985



■ £ L979/
If 15
52-2-
? f? c '

___________ !



A

E
9 79/
/ 7 i 5
Szz

U N ITS

quaternary

TERTIARY 
Lower Miocene- 
Upper Oligocene
Oligocene

LOWER CRETACEOUS

LOWER CRETACEOUS and/orUPPER JURASSIC

LOWER JURASSIC

Alluvium

Ta u/t Atascosa Formation 
undivided/tuff

conglomerate -  part of Montana Peak
Formation in southwest corner of study area  

Montana Peak Formation

Bisbee Format ion^conglomerate

Summit Conglomerate

Cobre Ridge Tuff

H V
S Y M B O L S

CONTACTS: dashed where approximately located, dotted where concealed,  
teeth on upper plate of low-angle  faults

1 k i lometer

Depositional

High-angle faults, U on upthrown side, D on downthrown side. 
Arrows indicate direction of movement

Low-angle normal-displacement fault, may be thrust or gravity 
slide surface

Thrust fault

1 mile STRIKE AND DIP OF BEDS inclined v e r t i c a l ---------a p p r o x im a te STRIKE AND DIP OF MINERALIZED VEINS

1 : 12000

STRIKE AND DIP OF FOLIATION IN VOLCANIC ROCKS inclined vertical — A—  approximate synform, showing plunge of fold axis

t o p o g r a p h i c  b a s e  f r o m  U . S .  G e o l o g i c a l  S u r v e y  

A l a m o  S p r i n g ,  P a j a r i t o  P e a k ,  P e n a  B l a n c a  L a k e ,  

a n d  R u b y  7 . 5 '  q u a d r a n g l e s

STRIKE AND DIP OF FOLIATION IN DIKES AND SILLS inclined vertical — "—  approximate A -  A'  -  A "  line of cross section

STRIKE AND DIP OF JOINTS inclined vertical

GEOLOGIC MAP OF THE PAJARITO MOUNTAINS, SANTA CRUZ COUNTY, ARIZONA

BY NANCY RIGGS

M.S. thesis, Dept, of Geosciences. 
University of Arizona, I985


