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PREFACE

This report represents the information collected during a preliminary assessment of the Tucson
and Nogales 1° by 2° quadrangles that took place from March through June 1988. The study
resulted in an administrative report that outlined the information available for the region at that time
for geology, geochemistry, geophysics, and mineral deposits and presented our preliminary ideas
concerning the potential for the discovery of new deposits. In addition, recommendations were
made to guide program planners in specific topics that need to be addressed such that the
preliminary administrative document can be refined and expanded upon to provide a detailed
assessment of the area should such a study be desired. This report makes available to the public
the scientific information provided in that preliminary administrative document and in no way

should be looked upon as a completed assessment of the Tucson and Nogales 1° by 2°
quadrangles. It should be used to determine the extent of published studies within the area and as a
preliminary indication of the types of deposits, and possible locations of those deposits, that may
be present in the area but are as yet undiscovered.

For ease of assembly of this report, accompanying figures and tables are placed at the end of
each section in front of the references. Hopefully this will not be too unwieldy for the user.



INTRODUCTION

The Tucson and Nogales 1° by 2° quadrangles in south-central Arizona have made important
economic contributions to a mineral-rich state. The area's 1985 mineral production represented 77
percent of molybdenum, 42 percent of boron, 29 percent of zinc, 27 percent of silver, 22 percent
of copper, and 10 percent of gold production in Arizona; most of this came from porphyry copper
systems. However, the known and possible deposit types within the study area include 22 metallic
and 9 nonmetallic types.

This report is an mvcntory of avaxlablc data and literature pertinent to a resource assessment of
the Tucson and Nogales 1° by 2° quadrangles. It does not address the part of the Nogales
quadrangle in Mexico. The study area lies entirely within the Basin and Range physiographic
province. Figure 1 shows the locations and names of the mountain ranges and valleys discussed
herein. In this report, preliminary tracts were delineated as being permissive for porphyry copper,
skarn and replacement, epithermal precious-metal, polymetallic vein, and flat-fault gold deposit
types.

Topographic Coverage

The entire study area is covered by 15-minute or 7 1/2-minute topographic quadrangles, and
about 80 percent of the study area is covered by both. Figure 2 shows an index to topographic
maps available for the study area.

Indian Lands

All or parts of four Indian reservations are within the study area. These include parts of the
Tohono O'Odham (formerly Papago), San Carlos, and Maricopa (Ak Chin) Reservations and all of
the San Xavier Reservation. The Tohono O'Odham Reservation covers a substantial part of the
west side of the study area. In 1978-81 the U.S. Geological Survey (USGS) conducted a
comprehensive assessment of the mineral resource potential of the Tohono O'Odham Reservation,
which was presented to the tribe in an administrative report through the U. S. Bureau of Indian
Affairs. The tribe subsequently asked the USGS to honor the proprietary nature of this data
particularly the geochemical data, during an assessment of the Ajo and Lukeville 1° by 2°
quadrangles directly west of the study area, where there are also large tracts of land under Tohono
0O'Odham administration. These data remain proprietary and will not become available for public
use in the forseeable future. Until these data do become available, geochemical information about
that part of the study area will be lacking. A similar assessment is underway for the San Carlos
Reservation, a small part of which projects into the northeast corer of the study area. Data
collected for this study are also proprietary. No similar studies have yet been made on the
Maricopa or San Xavier Reservations, in the northwest comer of the study area and south of
Tucson, respectively, and it is not known if USGS studies would be allowed in these areas.
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GEOLOGY
By Jocelyn A. Peterson, Joel R. Bergquist, Stephen J. Reynolds, and
Susan S. Page-Nedell

Data coverage and map compilation

Many 7 1/2- and 15-minute quadrangles within the Tucson and Nogales 1° by 2° quadrangles
have been mapped at scales greater than or equal to 1:62,500 by the USGS (table 1), and students
have produced thesis maps of local areas at a variety of scales (table 2). In addition, the tectonic
map of southeastern Arizona (Drewes, 1980) includes about one-third of the study area at a scale
of 1:125,000. Those areas not covered by large-scale mapping were compiled on a new Arizona
state geologic map (Reynolds, 1988).

The geology of much of the study area is relatively well known because the area has undergone
extensive exploration for several major types of mineral deposits, most notably for porphyry
copper deposits associated with Laramide (Late Cretaceous and early Tertiary) plutons and for
numerous skarn and replacement deposits in Paleozoic calcareous sedimentary rocks. In addition,
because the region is geologically complex and interesting, the USGS and the University of
Arizona in Tucson, have produced many maps and reports for this area that date back nearly 100
years. Thesis studies within the area date from the 1920's and cover topics such as stratigraphic
and structural characteristics, aspects of mineral deposits, groundwater, and more recently,
metamorphic core complexes and detachment faults. Geologic aspects of the study area that are not
yet well known are the detailed Quaternary geology of the basins and the location of the structural
boundaries between these basins and the mountain ranges. Because geologic studies in the region
are ongoing, the geologic understanding of the region will continue to evolve.

The accompanying geologic map (pl. 1) was compiled from several sources. The Tucson 1° by
2° quadrangle has been compiled by Reynolds and others (in press) of the USGS and the Arizona
Geological Survey and is currently being prepared for publication. Because a similar compilation
does not exist for the Nogales 1° by 2° quadrangle, its geology was compiled from existing
quadrangle maps, the tectonic map of southeastern Arizona (Drewes, 1980), and the new Arizona
state map (Reynolds, 1988). Because new age data have become available since some of the
quadrangle maps were published, the ages of rock units are those shown on the new state map. To
provide continuity at the common boundary and to aid in interpreting the geology and making
mineral assessments, the Nogales compilation largely follows the unit designations used for the
Tucson compilation. It was necessary, however, to add four new unit designations to the Nogales
quadrangle, and because we could not distinguish the various basin-fill units as designated on the
Tucson quadrangle, all basin-fill sediments were combined into a single unit.

Geologic Summary

This geologic summary is largely a modification of the text provided with the compiled Tucson
quadrangle (Reynolds and others, in press), augmented by information relating the geologic units
to mineral deposits in the region. Generalization was necessary to show regional geology at the
1:250,000 map scale, which is suitable for a preliminary resource assessment.

The study area has a complex geologic history that began prior to 1.7 Ga. The oldest exposed
rocks in the quadrangle are lower Proterozoic metasedimentary and metavolcanic rocks that
accumulated in an ocean basin along the southern margin of what was then the edge of the North
American craton (Silver, 1978). The protoliths were metamorphosed to greenschist- and lower
amphibolite-grade rocks in Early Proterozoic time and are now referred to as the Pinal Schist. The
Pinal Schist crops out in many of the major mountain ranges of the study area, usually associated



with more extensive Proterozoic granitic rocks. The schist is generally considered unfavorable for
hosting mineral deposits, although small base-metal and gold-silver-quartz veins are present
locally. These veins are termed gash or reef veins in the Ajo 1° by 2° quadrangle to the west
(Peterson and other, 1987) and are believed to have formed during metamorphism. They are of
little economic significance.

The Pinal Schist was twice intruded by granitic rocks, at 1.65 and 1.45-1.40 Ga. The older
plutons are composed of granodiorite, granite, and quartz diorite that are undeformed to foliated.
Except for extensive exposures in the northeast corner of the study area in the Pinaleno and Santa
Teresa Mountains, these plutons are limited to relatively small exposures. Much more extensive
are the younger granitic rocks that are commonly correlated with the Oracle Granite of Peterson
(1938), one of the major batholiths of this age. These younger plutons are readily identified by
their distinctive potassium-feldspar megacrysts and medium- to coarse-grained texture.
Compositionally they are mostly granite and granodiorite and commonly contain pegmatite,
alaskite, and aplite dikes. The pegmatites are usually small and simple but some have been
prospected for quartz, feldspar, and mica. The complex zoned pegmatites that contain rare
elements, which are found farther north in Arizona, have not been seen in these plutons. These
plutons are also suitable host rocks for porphyry copper mineralization when appropriate rocks
have intruded them, as at the Vekol Hills deposit, about 9 km west of the quadrangle, and at San
Manuel.

After intrusion of the younger granitic rocks and accompanying regional uplift, they were 200
to 300 million years of widespread erosion to a low-relief landscape. Thus, around 1.2 Ga the
sedimentary rocks of the Apache Group were deposited in the region. Toward the end of
deposition of the Apache Group around 1.1 Ga, large diabase sills and dikes intruded this
sequence and the underlying basement rocks. Although Apache Group rocks probably were
present in much of the northern part of the study area, only scattered remnants remain. These crop
out mostly along flanks of the mountain ranges in the Tucson quadrangle; they are apparently
absent in the Nogales quadrangle. Rocks of the Apache Group are nearly undeformed, commonly
distinctive sedimentary units, which include quartzite, siltstone, mudstone, limestone, and
conglomerate. Apache Group rocks and associated diabase are mineralized at the Lakeshore
deposit; and farther north in Gila County they host asbestos and uranium deposits that have been
mined. The uranium mineralization was of diagenetic origin and was further concentrated during
intrusion of the diabase (Nutt, 1982).

Following deposition of the Apache Group, there was no further sedimentation for S00 million
years until Cambrian time. Paleozoic rocks in the region are 1- to 2-km thick and represent
siliciclastic and carbonate rocks of cratonic origin deposited concordantly on the Apache Group.
They are Cambrian and Late Devonian through Permian age (Pierce, 1976). The Paleozoic
sequence is characterized by numerous beds of limestone, dolomite, quartzite, sandstone, shale,
and conglomerate, some of which have undergone low-grade metamorphism. Minor tectonism
during Late Pennsylvanian and Early Permian time caused a local influx of clastic rocks and
formed the Pedregosa basin east of the study area. Paleozoic strata are common in mountain
ranges of the east half of the study area but are of very restricted extent in the west half because of
erosion following Mesozoic and Cenozoic tectonism and uplift. The Paleozoic strata in the Tucson
and Nogales quadrangles are very important as known and potential host rocks for numerous types
of ore deposits including porphyry copper-related deposits, several kinds of skarns, and
replacement deposits, which can include resources of base and precious metals, tungsten, and
manganese. Such mineralization occurs mostly in the reactive calcareous strata rather than in
siliciclastic rocks.

During the Mesozoic, the previously stable craton became a region of magmatism,
deformation, and metamorphism (Reynolds and others, 1988). The oldest Mesozoic units are
Early and Middle Jurassic sedimentary and volcanic rocks exposed primarily in the western and
southern parts of the study area. The widely varied stratigraphy of these rocks throughout the
region probably reflects complex lateral facies patterns developed in a tectonically active
depositional area. Jurassic granitic rocks have intruded these rocks but are absent elsewhere. In
Late Jurassic and Early Cretaceous time, magmatism decreased markedly and the region underwent
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local block faulting and widespread deposition of nonmarine clastic rocks, primarily of the Bisbee
Group, which is most prevalent in the southern two-thirds of the study area. In the Late
Cretaceous, a marine transgression from the area of the present Gulf of Mexico and another from
the northeast invaded the southeastern and northeastern parts of the study area, depositing marine
clastic rocks such as the Pinkard Formation found in the area of the northeastern transgression.
Pre-Laramide Mesozoic rocks are generally not mineralized, although minor veins and pegmatites
are found in some plutons, and Jurassic intrusons at Bisbee, east of the study area, are associated
with a porphyry copper deposit. Some deposits in the Patagonia Mountains are hosted by
Laramide volcanic rocks. Mesozoic sedimentary rocks host minor skarn and replacement deposits
and some veins.

In Laramide time (late Cretaceous through Paleocene) the region was tectonically active
(Drewes, 1981; Haxel and others, 1984; Keith and Wilt, 1986). Extensive volcanism, plutonism,
compressional deformation, and deep-level metamorphism occurred. Volcanism between 75 and
65 Ma formed large andesitic stratovolcanoes and collapse calderas resulting from the eruption of
rhyolitic ash. Unusual breccias such as the Tucson Mountains chaos accumulated within the
calderas. These breccias contain andesitic megabreccia blocks in a rhyolitic tuff matrix (Lipman
and Sawyer, 1985). The extensive volcanism was accompanied by intermediate-composition
(generally granodioritic) intrusions and their associated porphyry copper deposits (Titley, 1982).
These plutons were also the sources for ore fluids that formed skarn and replacement deposits in
the calcareous Paleozoic strata and they are permissive rocks for low-fluorine porphyry
molybdenum deposits, although none have been found in the study area. Younger peraluminous
granites of crustal derivation that commonly contain muscovite and gamet were emplaced between
50 and 60 Ma in association with regional metamorphism (Haxel and others, 1984). They are
extensive in the Santa Catalina, Rincon, and Baboquivari Mountains and are present locally
elsewhere. These granites are not as likely to be mineralized as are the granodioritic intrusions and
generally are not considered favorable for lithophile-element mineralization (Coney and Reynolds,
1980). Cretaceous and older rock units were repeated along both brittle and ductile thrust faults
(Drewes, 1981); locally, metamorphism was accompanied by ductile attenuation of complete
stratigraphic sequences, such that contacts between originally adjacent units are overprinted by an
intense ductile fabric not necessarily representing thrust faults or other discrete shear zones.

The Eocene was a time of erosion, which was followed by renewed tectonism in the Oligocene
that continued into the middle Miocene. Rhyolitic ash-flow tuffs and rhyolitic to basaltic flows
covered much of the region (Shafiqullah and others, 1980) while granodioritic to granitic
intrusions were emplaced at depth. Crustal extension at this time formed detachment faults, gently
dipping, normal-displacement shear zones of regional extent that penetrated into the middle of the
crust (Rehrig and Reynolds, 1980; Davis, G.H., 1983; Reynolds and others, 1988).
Displacement along these shear zones formed mylonitic rocks that have been uplifted and are
exposed in the Santa Catalina, Rincon, Tortolita, and Picacho Mountains. Upper-plate rocks along
these zones formed tilted fault blocks, which are associated with syntectonic sedimentary units
such as large megabreccia landslide blocks that were deposited in some half grabens. Similar
tectonic settings in western Arizona and southeastern California are being examined for flat-fault-
related gold that may be genetically tied to the tectonism. Such gold deposits have not been found
in the study area, but some detachment-related Cu-Ag and Cu-U mineral deposits are locally
present (Welty and others, 1985). The volcanic rocks from this period are present in nearly every
mountain range and comprise a substantial part of the Galiuro and Winchester Mountains in the
northeastern part of the study area. Rocks of this age contain various types of hydrothermal vein
deposits. The associated intrusions are more restricted and crop out mainly in the Santa Catalina,
Tortolita, and Picacho Mountains.

A younger episode of block faulting in the late Miocene formed basin-range structures.
Subsequently, some of the larger grabens received as much as 3 km of nonmarine clastic sediments
and evaporite deposits (Eberly and Stanley, 1978; Scarborough and Pierce, 1978). Pedimentation
of the ranges was followed by deposition of a thin sequence of Pliocene and younger gravels.
Basin-fill deposits in the topographically higher valleys in the east half of the study area were
deeply incised and covered by multiple generations of Pleistocene and Holocene alluvial-fan and
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river-terrace gravels. The lower valleys on the west side of the study area are not incised and are
covered by early Pleistocene to Holocene alluvium. Except for possible diatomite, zeolite, and
evaporite deposits containing halite, gypsum, or anhydrite deep within the basin-fill sediments and
for placer gold deposits at and close to the surface, these rocks are not likely to be mineralized.
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Table 1.--Published maps by the U.S. Geological Survey that cover parts of the
Tucson and Nogales 10 by 20 quadrangles. See selected references for complete

citation

Quadrangle Scale Author and date of publication
Arivaca 1:63,360 Keith and Theodore, 1975
Baboquivari Peak 1:62,500 Haxel and others, 1980
Bellota Ranch 1:62,500 Creasey and Theodore, 1975
Benson 1:62,500 Creasey, 1967b

Black Mountain 1:24,000 Krieger, 1974a

Blue Jay Peak 1:24,000 Bergquist, 1979
Brandenburg Mountain 1:24,000 Krieger, 1968a

Casa Grande Mountains 1:24,000 Bergquist and Blacet, 1978
Cocoraque Butte 1:62,500 Keith, 1976

Comobabi 1:62,500 Haxel and others, 1978
Crozier Peak 1:24,000 Krieger, 1974b

Dragoon 1:31,680 Cooper and Silver, 1964
Eloy 1:62,500 Bergquist and others, 1978a
Empire Mountains 1:48,000 Finnell, 1971

Happy Valley 1:48,000 Drewes, 1974

Hereford (part) 1:48,000 Hayes and Landis, 1964
Holy Joe Peak 1:24,000 Krieger, 1968b

Jackson Mountain 1:62,500 Blacet and Miller, 1978
Klondyke 1:62,500 Simons, 1964

Lochiel 1:48,000 Simons, 1974

Lookout Mountain 1:24,000 Krieger, 1968c

Mammoth 1:62,500 Creasey, 1967a

Mount Lemmon 1:62,500 Banks, 1976

Mount Wrightson 1:48,000 Drewes, 1971a

Ninetysix Hills NE 1:62,500 Yeend and others, 1977
Ninetysix Hills NW 1:62,500 Yeend and others, 1977
Ninetysix Hills SE 1:62,500 Yeend and others, 1977
Ninetysix Hills SW 1:62,500 Yeend and others, 1977
Nogales 1:48,000 Simons, 1974

Palo Alto Ranch (part) 1:24,000 Drewes and Cooper, 1973
Presumido Peak 1:62,500 Haxel and others, 1982
Putman Wash 1:24,000 Krieger, 1974c

Rincon Valley 1:48,000 Drewes, 1977

Saddle Mountain 1:24,000 Krieger, 1968d

Sahuarita 1:48,000 Drewes, 1971b

San Vicente 1:62,500 Keith, 1976

Santa Rosa Mountains 1:62,500 Bergquist and others, 1978b
Sells 1:62,500 May and Haxel, 1980
Silver Reef Mountains 1:62,500 Blacet and others, 1978
Tortolita Mountains 1:62,500 Banks and others, 1977
Twin Buttes 1:48,000 Cooper, 1973

Vaca Hills 1:62,500 Banks and Dockter, 1976
Winkelman 1:24,000 Krieger, 1974d
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Table 2.-- Thesis mapping used in the compilation of the Tucson 19 by 20 quadrangle.
See selected references for complete citation

Area studied Scale Author and thesis completion date
Central Arizona 1:125,000 Balla, 1972
Tortolita-Santa Catalina Mts. *1:62,500 Budden,1975
Buehman Canyon, Santa 1:6,000 Bykerk-Kauffman, 1983
Catalina Mts.
Black Hills 1:62,500 Hansen, 1983
Safford Peak, Tucson Mts. 1:9,600 Imswiler, 1959
Geesaman Wash, Santa 1:12,000 Janeke, 1986
Catalina Mts.
Picacho Mts. 1:6,000 Johnson, 1981
Northern Tucson Mts. 1:6,000 Knight, 1967
Northern Rincon Mts. 1:24,000 Lingrey, 1982
Waterman Mts. 1:6,000 McClymonds, 1957
Silver Bell Mts. 1:100,000 Sawyer, 1987
Northern Santa Catalina Mts. 1:24,000 Wallace, 1954

13



Selected References

Balla, J.C., 1972, The relationship of Laramide stocks to regional structure in central Arizona:
Tucson, University of Arizona, Ph.D. dissertation, 132 p.

Banks, N.G., 1976, Reconnaissance geologic map of the Mount Lemmon quadrangle, Arizona:
U.S. Geological Survey Miscellaneous Field Studies Map MF-747, scale 1:62,500.

Banks, N.G., and Dockter, R.D., 1976, Reconnaissance geologic map of the Vaca Hills
quadrangle, Arizona: U.S. Geological Survey Miscellaneous Field Studies Map MF-793,
scale 1:62,500. '

Banks, N.G., Dockter, R.D., Briskey, J.A., Davis, G.H., Keith, S.B., Budden, R.T., Kiven,
C.W., and Anderson, Phillip, 1977, Reconnaissance geologic map of the Tortolita Mountains
quadrangle, Arizona: U.S. Geological Survey Miscellaneous Field Studies Map MF-864,
scale 1:62,500.

Bergquist, J.R., compiler, 1979, Reconnaissance geologic map of the Blue Jay Peak quadrangle,
Graham County, Arizona: U.S. Geological Survey Miscellaneous Field Studies Map MF-
1083, scale 1:24,000.

Bergquist, J.R., Banks, N.G., and Blacet, P.M., 1978a, Reconnaissance geologic map of the
Eloy quadrangle, Arizona: U.S. Geological Survey Miscellaneous Field Studies Map MF-
990, scale 1:62,500.

Bergquist, J.R., and Blacet, P.M., 1978, Preliminary reconnaissance bedrock geologic map of
part of the Casa Grande Mountains quadrangle, Pinal County, Arizona: U.S. Geological
Survey Open-File Report 78-547, scale 1:24,000.

Bergquist, J.R., Blacet, P.M., and Miller, S.T., 1978b, Reconnaissance geologic map of the
Santa Rosa Mountains quadrangle, Pima County, Arizona: U.S. Geological Survey
Miscellaneous Field Studies Map MF-935, scale 1:62,500.

Bikerman, Michael, 1967, Isotopic studies in the Roskruge Mountains, Pima County, Arizona:
Geological Society of America Bulletin, v. 78, p. 1029-1036.

Blacet, P.M., Bergquist, J.R., and Miller, S.T., 1978, Reconnaissance geologic map of the Silver
Reef Mountains quadrangle, Pinal and Pima Counties, Arizona: U.S. Geological Survey
Miscellaneous Field Studies Map MF-934, scale 1:62,500.

Blacet, P.M,, and Miller, S.T., 1978, Reconnaissance geologic map of the Jackson Mountain
quadrangle, Graham County, Arizona: U.S. Geological Survey Miscellaneous Field Studies
Map MF-939, scale 1:62,500.

Bromfield, C.S., 1952, Some geologic features of the Santa Catalina Mountains: Arizona
Geological Society Guidebook, p. 50-55.

Brown, W.H., 1939, Tucson Mountains, and Arizona basin range type: Geological Society of
America Bulletin, v. 50, p. 697-760.

Budden, R.T., 1975, The Tortolita-Santa Catalina Mountain complex: Tucson, University of
Arizona, M.S. thesis, 133 p.

Bykerk-Kauffman, Ann, 1983, Kinematic analysis of deformation at the margin of a regional shear
zone, Buehman Canyon area, Santa Catalina Mountains, Arizona: Tucson, University of
Arizona, M.S. thesis, 79 p.

Coney, P.J., and Reynolds, S.J., 1980, Cordilleran metamorphic core complexes and their
uranium favorability: final report: U.S. Department of Energy Report GIBX2 58-80, 627 p.

Cooper, J.R., 1973, Geologic map of the Twin Buttes Quadrangle, southwest of Tucson, Pima
County, Arizona: U.S. Geological Survey Miscellaneous Geologic Investigations Map 1-745,
scale 1:48,000.

Cooper, J.R., and Silver, L.T., 1964, Geology and ore deposits of the Dragoon quadrangle,
Cochise County, Arizona: U.S. Geological Survey Professional Paper 416, 196 p.

Courtright, J.H., 1958, Progress report on investigations of some Cretaceous-Tertiary formations
in southeastern Arizona: Arizona Geological Society Digest, v. 1, p. 7-9.

Creasey, S.C., 1967a, General geology of the Mammoth quadrangle, Pinal County, Arizona:
U.S. Geological Survey Bulletin 1218, 94 p.

14



1967b, Geologic map of the Benson quadrangle, Cochise and Pima Counties, Arizona:
U.S. Geological Survey Miscellaneous Geologic Investigations Map 1-470, scale 1:62,500.

Creasey, S.C., Jackson, E.D., and Gulbrandsen, R.A., 1961, Reconnaissance geologic map of
parts of the San Pedro and Aravaipa Valleys, south-central Arizona: U.S. Geological Survey
Miscellaneous Field Studies Map MF-238, scale 1:125,000.

Creasey, S.C., Jinks, J.E., Williams, F.E., and Meeves, H.C., 1981, Mineral resources of the
Galiuro Wilderness and contiguous further planning areas, Arizona: U.S. Geological Survey
Bulletin 1490, 94 p.

Creasey, S.C., and Theodore, T.G., 1975, Preliminary reconnaissance geologic map of the
Bellota Ranch quadrangle, Pima County, Arizona: U.S. Geological Survey Open-File Report
75-295, scale 1:62,500.

Davis, G.H., 1983, Shear-zone model for the origin of metamorphic core complexes: Geology, v.
11, p. 342-347.

Dickinson, W.R., 1987, General geologic map of the Catalina core complex and San Pedro
trough, Arizona: Arizona Bureau of Geology and Mineral Technology Miscellaneous Map
Series MM-87-A.

Dickinson, W.R., and Olivares, M.D., 1987, Reconnaissance geologic map of Mineta Ridge and
Banco Ridge area, Pima and Cochise Counties, Arizona: Arizona Bureau of Geology and
Mineral Technology Miscellaneous Map Series MM-87-C.

Dickinson, W.R., and Shafiqullah, Muhammad, 1989, K-Ar and F-T ages for syntectonic mid-
Tertiary volcanosedimentary sequences associated with the Catalina core complex and San
Pedro trough in southern Arizona: Isochron/West, no. 52, p. 15-27.

Drewes, Harald, 1971a, Geologic map of the Mount Wrightson quadrangle southeast of Tucson,
Santa Cruz and Pima Counties, Arizona: U.S. Geological Survey Miscellaneous Geologic
Investigations Map 1-614, scale 1:48,000.

1971b, Geologic map of the Sahuarita quadrangle, southeast of Tucson, Pima County,
Arizona: U.S. Geological Survey Miscellaneous Geologic Investigations Map 1-613, scale
1:48,000.

1974, Geologic map and sections of the Happy Valley quadrangle, Cochise County,
Arizona: U.S. Geological Survey Miscellaneous Geologic Investigations Map 1-832, scale
1:48,000.

1977, Geologic map and sections of the Rincon Valley quadrangle, Pima County, Arizona:
U.S. Geological Survey Miscellaneous Geologic Investigations Map 1-997, scale 1:48,000.

__1980, Tectonic map of southeast Arizona: U.S. Geological Survey Miscellaneous Geologic
Investigations Map 1-1109, scale 1:125,000.

1981, Tectonics of southeastern Arizona: U.S. Geological Survey Professional Paper 1144,
96 p.

Drewes, Harald, and Cooper, J.R., 1973, Reconnaissance geologic map of the west side of the
Sierrita Mountains, Palo Alto Ranch quadrangle, Pima County, Arizona: U.S. Geological
Survey Miscellaneous Field Studies Map MF-538, scale 1:24,000.

Eberly, L.D., and Stanley, T.B., Jr., 1978, Cenozoic stratigraphy and geologic history of
southwestern Arizona: Geological Society of America Bulletin, v. 89, p. 921-940.

Finnell, T.L., 1971, Preliminary geologic map of the Empire Mountains quadrangle, Pima
County, Arizona: U.S. Geological Survey Open-File Report, scale 1:48,000.

Gilluly, James, 1956, General geology of central Cochise County, Arizona: U.S. Geological
Survey Professional Paper 281, 169 p.

Hansen, J.B., 1983, Style of deformation of upper plate rocks of the San Manuel-Camp Grant
low-angle normal fault system, Black Hills, Pinal County, Arizona: Tucson, University of
Arizona, M.S. thesis, 164 p.

Haxel, Gordon, Briskey, J.A., Rytuba, J.J., Bergquist, J.R., Blacet, P.M., and Miller, S.T.,
1978, Reconnaissance geologic map of the Comobabi quadrangle, Pima County, Arizona:
U.S. Geological Survey Miscellaneous Field Studies Map MF-964, scale 1:62,500.

15



Haxel, Gordon, May, D.J., and Tosdal, R.M., 1982, Reconnaissance geologic map of the
Presumido Peak quadrangle, Arizona: U.S. Geological Survey Miscellaneous Field Studies
Map MF-1378, scale 1:62,500.

Haxel, Gordon, May, D.J., Wright, J.E., and Tosdal, R.M., 1980, Reconnaissance geologic map
of the Baboquivari Peak quadrangle, Arizona: U.S. Geological Survey Miscellaneous Field
Studies Map MF-1251, scale 1:62,500.

Haxel, G.B., Tosdal, R.M., May, D.J., and Wright, J.E., 1984, Latest Cretaceous and early
Tertiary orogenesis in south-central Arizona: thrust faulting, regional metamorphism, and
granitic plutonism: Geological Society of America Bulletin, v. 95, p. 631-653.

Hayes, P.T., and Landis, E.R., 1964, Geologic map of the southern part of the Mule Mountains,
Cochise County, Arizona: U.S. Geological Survey Miscellaneous Geologic Investigations
Map 1-418, scale 1:48,000.

Imswiler, J.B., 1959, Structural geology of the Safford Peak area, Tucson Mountains, Pima
County, Arizona: Tucson, University of Arizona, M.S. thesis, 46 p.

Janeke, S.U., 1986, Structural geology and tectonic history of the Geesaman Wash area, Santa
Catalina Mountains, Arizona: Tucson, University of Arizona, M.S. thesis, 151 p.

Johnson, G.S., 1981, The geology and geochronology of the northern Picacho Mountains, Pinal
County, Arizona: Tucson, University of Arizona, M.S. thesis, 65 p.

Keith, Stanley B., and Wilt, J.C., 1986, Laramide orogeny in Arizona and adjacent regions: a
strato-tectonic synthesis, in Beatty, Barbara, and Wilkinson, P.A.K., eds., Frontiers in
geology and ore deposits of Arizona and the Southwest: Arizona Geological Society Digest,
v. 16, p. 502-554.

Keith, S.B., Reynolds, S.J., Damon, P.E., Shafiqullah, M., Livingston, D.E., and Pushkar,
P.D., 1980, Evidence for multiple intrusion and deformation within the Santa Catalina-
Rincon-Tortolita crystalline complex, southeastern Arizona, in Crittenden, M.D., Jr., Coney,
P.J., and Davis, G.H., eds., Cordilleran metamorphic core complexes: Geological Society of
America Memoir 153, p. 217-267.

Keith, W.J., 1976, Reconnaissance geologic map of the San Vicente and Cocoraque Butte 15'
quadrangles, Arizona: U.S. Geological Survey Miscellaneous Field Studies Map MF-769,
scale 1:62,500.

Keith, W.J., and Theodore, T.G., 1975, Reconnaissance geologic map of the Arivaca quadrangle,
Arizona: U.S. Geological Survey Miscellaneous Field Studies Map MF-678, scale 1:63,360.

Knight, L.H., Jr., 1967, Structural geology of the Cat Mountain rhyolite in the northern Tucson
Mountains, Pima County, Arizona: Tucson, University of Arizona, M.S. thesis, 68 p.

Krieger, M.H., 1968a, Geologic map of the Brandenburg Mountain quadrangle, Pinal County,
Arizona: U.S. Geological Survey Geologic Quadrangle Map GQ-668, scale 1:24,000.

1968b, Geologic map of the Holy Joe Peak quadrangle, Pinal County, Arizona: U.S.
Geological Survey Geologic Quadrangle Map GQ-669, scale 1:24,000.

1968c, Geologic map of the Lookout Mountain quadrangle, Pinal County, Arizona: U.S.
Geological Survey Geologic Quadrangle Map GQ-670, scale 1:24,000.

1968d, Geologic map of the Saddle Mountain quadrangle, Pinal County, Arizona: U.S.
Geological Survey Geologic Quadrangle Map GQ-671, scale 1:24,000.

___1974a, Geologic map of the Black Mountain quadrangle, Pinal County, Arizona: U.S.

Geological Survey Geologic Quadrangle Map GQ-1108, scale 1:24,000.

1974b, Geologic Map of the Crozier Peak quadrangle, Pinal County, Arizona: U.S.
Geological Survey Geologic Quadrangle Map GQ-1107, scale 1:24,000.

1974c, Geologic map of the Putham Wash quadrangle, Pinal County, Arizona: U.S.
Geological Survey Geologic Quadrangle Map GQ-1108, scale 1:24,000.

1974d, Geologic map of the Winkelman quadrangle, Pinal and Gila Counties, Arizona:
U.S. Geological Survey Geologic Quadrangle Map GQ-1106, scale 1:24,000.

Lingrey, S.H., 1982, Structural geology and tectonic evolution of the northeastern Rincon
Mountains, Cochise and Pima Counties, Arizona: Tucson, University of Arizona, Ph.D.
dissertation, 202 p.

16



Lipman, P.W., and Sawyer, D.A., 1985, Mesozoic ash-flow caldera fragments in southeastern
Arizona and their relation to porphyry copper deposits: Geology, v. 13, p. 652-656.

May, D.J., and Haxel, Gordon, 1980, Reconnaissance bedrock geologic map of the Sells
quadrangle, Pima County, Arizona: U.S. Geological Survey Miscellaneous Field Studies
Map MF-1166, scale 1:62,500.

McClymonds, N.E., 1957, The stratigraphy and structure of the Waterman Mountains, Pima
County, Arizona: Tucson, University of Arizona, M.S. thesis, 157 p.

Nowlan, G.A., Peterson, J.A., Pitkin, J.A., Hanna, W.F., and Kreidler, T.J., in 1989, Mineral
resources of the Ragged Top Wilderness Study Area, Pima County, Arizona: U.S.
Geological Survey Bulletin 1702-H, 22 p.

Nutt, C.J., 1982, A model of uranium mineralization in the Dripping Spring Quartzite, Gila
County, Arizona [abs.]: Geological Society of America Abstracts with Programs, v. 14,
no. 4, p. 220.

Peterson, J.A., Cox, D.P., and Gray, Floyd, 1987, Mineral resource assessment of the Ajo and
Lukeville 1° by 2° quadrangles, Arizona: U.S. Geological Survey Miscellaneous Field Studies
Map MF-1834-B, scale 1:250,000.

Peterson, N.P., 1938, Geology and ore deposits of the Mammoth mining camp area, Pinal
County, Arizona: Arizona Bureau of Mines Bulletin 144, p. 8-9.

Pierce, H.W., 1976, Elements of Paleozoic tectonics in Arizona: Arizona Geological Society
Digest, v. 10, p. 37-57.

Rehrig, W.A., and Reynolds, S.J., 1980, Geologic and geochronologic reconnaissance of a
northwest-trending zone of metamorphic core complexes in southern and western Arizona, in
Crittenden, M.D., Jr., Coney, P.J., and Davis, G.H., eds., Cordilleran metamorphic core
complexes: Geological Society of America Memoir 153, p. 131-175.

Reynolds, S.J., Florence, F.P., Welty, J.W., Roddy, M.S., Currier, D.A., Anderson, A.V., and
Keith, S.B., 1986, Compilation of radiometric age determinations in Arizona: Arizona
Bureau of Geology and Mineral Technology Bulletin 197, 258 p.

Reynolds, S.J., Richard, S.M., Haxel, G.B., Tosdal, R.M., and Laubach, S.E., 1988, Geologic
setting of Mesozoic and Cenozoic metamorphism in Arizona, in Emst, W.G,, ed.,
Metamorphism and crustal evolution of the western United States: Englewood Cliffs, N.J.,
Prentice Hall, p. 466-501.

Richard, Kenyon, and Courtright, J.H., 1960, Some Cretaceous-Tertiary relationships in
southeastern Arizona and New Mexico: Arizona Geological Society Digest, v. 3, p. 1-7.

Sawyer, D.A., 1986, Late Cretaceous caldera volcanism and porphyry copper deposits, Silver Bell
Mountains, southern Arizona, in Beatty, Barbara, and Wilkinson, P.A K., eds., Frontiers in
geology and ore deposits of Arizona and the southwest: Arizona Geological Society Digest,
v. 16, p. 408-421.

1987, Late Cretaceous volcanism and porphyry copper mineralization at Silver Bell, Pima
County, Arizona: geology, petrology, and geochemistry: Santa Barbara, University of
California, Ph.D. dissertation, 383 p.

Scarborough, R.S., and Pierce, H.W., 1978, Late Cenozoic basins of Arizona, in Callender, J.F.,
Wilt, J.C., and Clemmons, R.E., eds., Land of Cochise, southeastern Arizona: New Mexico
Geological Society 29th Field Conference Guidebook, p. 253-259.

Shafiqullah, M., Damon, P.E., Lynch, D.J., Reynolds, S.J., Rehrig, W.A., and Raymond,
R.H., 1980, K-Ar geochronology and geologic history of southwestern Arizona and adjacent
areas, in Jenney, J.P., and Stone, Claudia, eds., Studies in western Arizona: Arizona
Geological Society Digest, v. 12, p. 202-260.

Shafiqullah, M., Lynch, D.J., Dammon, P.E., Pierce, HW., 1976, Geology, geochronology,
and geochemistry of the Picacho Peak area, Pinal County, Arizona: Arizona Geological
Society Digest, v. 9, p. 305-324.

Silver, L.T., 1978, Precambrian formations and Precambrian history in Cochise County,
southeastern Arizona, in Callender, J.F., Wilt, J.C., and Clemmons, R.E., eds., Land of
Cochise, southeastern Arizona: New Mexico Geological Society 29th Field Conference
Guidebook, p. 157-163.

17



Simons, F.S., 1964, Geology of the Klondyke quadrangle, Graham and Pinal Counties, Arizona:
U.S. Geological Survey Professional Paper 461, 173 p.

1974, Geologic map and sections of the Nogales and Lochiel quadrangles, Santa Cruz
County, Arizona: U.S. Geological Survey Miscellaneous Geologic Investigations Map 1-762,
scale 1:48,000.

Thorman, C.H., and Drewes, Harald, 1981, Geology of the Rincon Wilderness Study Area, Pima
County, Arizona, in Mineral resources of the Rincon Wilderness Study Area, Pima County,
Arizona: U.S. Geological Survey Bulletin 1500, p. 5-37.

Titley, S.R., 1982, Geologic setting of porphyry copper deposits: southeastern Arizona, in Titley,
S.R,, ed., Advances in geology of the porphyry copper deposits, southwestern North
America: Tucson, University of Arizona Press, p. 37-58.

Wallace, R.M., 1954, Structures at the northern end of the Santa Catalina Mountains, Arizona:
Tucson, University of Arizona, Ph.D. dissertation, 45 p.

Welty, J.W., Spencer, J.E., Allen, G.B., Reynolds, S.J., and Trapp, R.A., 1985, Geology and
production of middle Tertiary mineral districts in Arizona: Airzona Bureau of Geology and
Mineral Technology Open-File Report 85-1, 88 p.

Yeend, Warren, Keith, W.J., and Blacet, P.M., 1977, Reconnaissance geologic map of the
Ninetysix Hills NW, NE, SE, and SW quadrangles, Pinal County, Arizona: U.S. Geological
Survey Miscellaneous Field Studies Map MF-909, scale 1:62,500.

18



GEOCHEMISTRY
By Maurice A. Chaffee
Data Coverage

For this report, all available analyses from the NURE hydrogeochemical and stream-sediment
reconnaissance (HSSR) data bases (National Uranium Resource Evaluation Program, 1982a, b, ¢)
and the USGS RASS and PLUTO data bases were retrieved and examined. The information
contained in these data bases is summarized in tables 3 and 4. The locations of sample sites for
each medium for which analytical data exist are shown on figures 3 to 12 for the Tucson and

Nogales 1° by 2° quadrangles. For this geochemical evaluation, only the three data bases
mentioned above were examined. No exhaustive search was made for additional geochemical data,
although such data probably exist. Also, none of the Indian reservations within the study area
have been evaluated because of the proprietary nature of the geochemical data (see Introduction).

Except for soil samples, the NURE data bases do not have adequate sample coverage for
regional evaluations (tables 3, 4; figs. 3-7). The soil samples adequately cover the study area, but
they were rejected for this evaluation because (1) soil samples usually represent restricted source
material and are thus not suitable for a regional reconnaissance evaluation, (2) there is no way to
determine whether the material collected was, in fact, soil and whether it was derived from residual
or transported material or even from a reasonably consistent soil horizon, and (3) the fine size of
the material collected (<0.149 mm or <100 mesh) suggests that eolian contamination and dilution
may have biased the analyses, a suspicion that is confirmed by the distributions of selected
elements, which show anomalies along major highways and downwind from major mines and
smelters.

The PLUTO data base contains data for numerous rock samples (tables 3, 4) but has little else
of use for a regional assessment. Because rock samples generally represent point sources of data,
they are not generally useful in regional reconnaissance evaluations. They are most useful for
defining normal abundances of elements in selected rock types and for identifying elements
associated with the types of mineralization that may be present in a study area. Much of the
PLUTO data are for samples collected prior to 1980. Consequently, the elements analyzed for
these samples commonly were not the same suite as has been routinely used in RASS, and the
detection limits for PLUTO samples differed from those commonly found in RASS data.

For this investigation, the chemical data for the stream-sediment samples in the RASS data base
were deemed the most useful, even though the coverage is not uniform (fig. 9). The distributions
of anomalies for samples in this medium are discussed below.

Evaluation of USGS Stream-sediment Data

Information concerning the complete stream-sediment data set is summarized in table 5. All
samples were analyzed by a semiquantitative emission spectroscopic method (Grimes and
Marranzino, 1968), although not every sample was run for all of the commonly determined 31
elements. Also, several elements (As, Au, Sb, Th) that are usually determined spectrographically
were not found in detectable concentrations in any of the samples. Many samples from the
Nogales quadrangle were also analyzed by various nonspectroscopic methods for As, Au, Cd, Hg,
Sb, Te, U, and (or) Zn (tables S5, 6). In contrast, with the exception of AA-Zn, samples from the
Tucson quadrangle were not analyzed for any elements by nonspectroscopic methods. Evaluation
of the geochemical data is, therefore, further hampered by a lack of data on many common ore-
related elements. Thus, the lack of anomalies for a given ore-related element in a given area may
result from a lack of analyses rather than from analyses that were within the background range.
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The ore-related elements Ag, As, Au, Bi, Cu, Hg, Mo, Pb, Sb, Sn, Te, U, W, and Zn were
selected from the original data set for this evaluation. Information about these elements is
summarized in table 6. For the discussion below, each 1° by 2° quadrangle was divided into areas
that generally represent a single mountain range or part of a range (pl. 2). Those ranges for which
there are geochemical data are delineated by a letter, which also has been added in parentheses after
each range name in the text. Plate 2 also shows the approximate limits of outcrop of pre-middle
Miocene age rocks, which are considered to have been deposited after major mineralization. These
outlines are useful for planning future sampling programs. They also emphasize that only about 50
percent of the study area is composed of outcrops and, thus, is suitable for reconnaissance
geochemical sampling.

Element maps were made for evaluating the study area (pls. 3 to 17). Anomalies shown on
these maps have been integrated into the discussion that follows. Several symbols identify
anomalous samples on the geochemical maps. The classificiation of sample analyses is somewhat
arbitrary and is based on past experience in evaluating tracts for their mineral potential. In general,
a square represents approximately the upper 2 percent (98th percentile) of all of the analyses for a
given element and a circle represents the next 3 percent (95th percentile). Other symbols further
classify the element abundances in decreasing concentration ranges. A plus (+) is used for
analyses considered to be clearly in the background range for a given element.

Actual anomalous areas are delineated, to some extent, arbitrarily on the basis of past
experience but also on a knowledge of mineralized areas in the two quadrangles. In general,
anomalies based on clusters of anomalous samples are more significant than single-site anomalies,
particularly for concentrations near the threshold (uppermost background) value. Outlines of
anomalous areas in some cases are based on the extents of drainage basins, which represent the
restricted sources of the stream alluvium sampled; in other cases the outlines simply enclose
clusters of anomalous samples. The latter is especially true where the sample density is low.

Two maps are included for Au because samples were analyzed by two methods that are so
different that the analyses for the two methods could not be merged. The anomalies on the two
maps may or may not overlap, even where analyses of both types are available for the same general
area. This lack of agreement is partly related to the particulate nature, and therefore the commonly
erratic distribution, of gold in stream alluvium. This erratic distribution of gold tends to hinder
sample reproducibility. Other differences in anomaly distributions result from the spatial
distributions of anomalous samples and from the concentrations of gold in specific samples relative
to concentrations in other samples in the same data set.

Tucson Ouadrangle

--The Pusch Ridge part of this range, which has been
evaluated for a wilderness mineral resource assessment report (Hinkle and Ryan, 1982), is
composed mostly of Proterozoic and Tertiary plutonic rocks of intermediate composition. A few
prospects containing quartz veins with associated traces of base metals or Au were identified
(Hinkle and Ryan, 1982).

Stream-sediment samples from this range show scattered Cu, Mo, and Sn anomalies (pls. 8,
10, 13), some of which are relatively strong when compared to concentrations elsewhere in the
study area. These anomalies in the Pusch Ridge area are associated with quartz veins in Tertiary
and Proterozoic host rocks, an environment similar to that found at the San Manuel-Kalamazoo
porphyry copper-molybdenum deposit about 25 km to the northeast. The chemistry of the Pusch
Ridge area suggests a possibility of porphyry copper-molybdenum mineralization at depth.

Rincon Mountains (area B)--Part of this range has also been described in a wilderness mineral
resource assessment report (Thorman and others, 1981). Rocks in the wilderness study area
consist mostly of Proterozoic schist and of Proterozoic and Tertiary intrusions generally of
intermediate composition. Paleozoic, Cretaceous, and Tertiary sedimentary units and Paleozoic
and Cretaceous metasedimentary units are also present. Pods containing minor amounts of base
and precious metals were found in both skams and unaltered, carbonate-rich, Paleozoic
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sedimentary rocks and in sheared Proterozoic gneisses. Uranium mineralization is present in
Paleozoic and Cretaceous metasedimentary rocks, granitic rocks, and Tertiary "basin fill" clastic
rocks (Thorman and others, 1981).

The samples of stream sediment collected from the Rincon Mountains contain scattered,
generally weak anomalies for Ag, Cu, Mo, and Pb (pls. 3, 8, 10, and 11), with most of the
anomalies, including some that are strongly anomalous for Mo, confined to the northern part of the
range between the Redington Pass road and Mineta Ridge. The anomalous elements corroborate
known mineralization, which may represent leakage from a deep-seated porphyry copper and (or)
molybdenum system or from some other, as yet undefined, type of mineralization.

--Most of the area is covered by a thick sequence of mid-Tertiary
rhyolitic to andesitic volcanic rocks, but Proterozoic diabase, quartzite, and granitic rocks and
Paleozoic sedimentary rocks are exposed on the west side. Part of this area was studied for the
Aravaipa Canyon Instant Study Area by Krieger and others (1979) who identified no metallic-
mineral resources; however, zeolite resources were identified. Silver, Au, Cu, Mo, Pb, and Zn
have been produced from mining districts a few miles north of this study area (Krieger and others,
1979).

Samples collected from the Aravaipa Canyon study area are locally anomalous for Ag, Cu, Mo,
and (or) Pb (pls. 3, 8, 10, and 11). These anomalies may have resulted from contamination from
mining upstream to the north or may represent leakage from possible porphyry copper and (or)
molybdenum mineralization that may be present in the study area at depth under the Tertiary
volcanic cover.

Galiuro Mountains (area D)--A large part of this area was sampled for the Galiuro Wilderness
Area mineral resource assessment (Creasey and others, 1981). Outcrops are dominated by mid-
Tertiary volcanic rocks, which vary in composition from rhyolite to andesite. Locally exposed
older rocks include Proterozoic schists, granites, and quartzites; Paleozoic quartzites; and Late
Cretaceous or early Tertiary volcanic and plutonic rocks of generally intermediate composition.
Area D contains base- and precious-metal vein deposits that are present near faults in the Tertiary
volcanic rocks in or near Cretaceous granodiorite plutons. At least one porphyry copper-
molybdenum system, with associated Ag and Pb, has been identified in the Copper Creek district
at the north end of the area. This system is associated with Cretaceous granodiorite. Pyritic-
argillic alteration that is locally present in the Galiuro Volcanics may have resulted from
remobilization of blind porphyry copper mineralization during deposition of the volcanic rocks
(Creasey and others, 1981).

Evaluation of analyses of stream-sediment samples indicate that two significant clusters of sites
with anomalous Cu are present in the northern part of this range (pl. 8). These anomalies, locally
accompanied by Mo and Pb (pls. 10 and 11), reflect the known porphyry copper-molybdenum
mineralization in that area. Scattered anomalies for Ag and Cu (pls. 3 and 8) are present farther
south in the range. These anomalies may represent leakage upward into the overlying volcanic
rocks from blind porphyry copper-molybdenum mineralization. Scattered, locally strong, Sn
anomalies (pl. 13) may reflect felsic volcanic rock units similar to those that are known to be Sn-
rich in some localities in Arizona and New Mexico.

Santa Teresa Mountains (area E)--Part of this range was studied for the mineral resource
assessment of the Black Rock Wilderness Study Area (Simons and others, 1987). Rocks in the
Black Rock area include Proterozoic schist, gneiss, diabase, and quartz monzonite; Tertiary
granite; and Tertiary volcanic rocks of rhyolitic to basaltic composition. Simons and others (1987)
noted anomalous Ag, Au, Ba, Be, Bi, Cd, Co, Cu, Pb, Sn, V, W, and Zn associated with quartz
veins in volcanic rocks, granite, and granitic gneiss. They also described high concentrations of
rare-earth and associated elements, such as La, Th, Y, and Zr, which may indicate potential for
rare-carth-element resources in the area, and they suggested that contact-metasomatic vein tungsten
deposits may occur in metamorphic rocks.

On the basis of stream-sediment data, the eastern part of this range is strongly anomalous for
Cu, Pb, and Sn (pls. 8, 11, and 13) and weakly to moderately anomalous for Ag and Mo (pls. 3
and 10). These elements suggest a favorable environment for base- and precious-metal vein
mineralization. Porphyry copper and (or) molybdenum mineralization at depth is also possible.
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As has been suggested for the Galiuro area, the high Sn concentrations here may be related to a Sn-
rich, felsic volcanic or plutonic rock unit.

Mghgsm_m_mm_(amaﬂ--Samples from this area were collected for the Winchester
Roadless Area mineral resource assessment study (Chaffee, 1985). Outcrops are composed of the
same Tertiary volcanic units found in the Galiuro Mountains to the northwest. No mines or
prospects were identified in the roadless area and the range does not contain any anomalies that can
be related to mineralization.

Little Dragoon Mountains (area G)--This area contains outcrops of Proterozoic metamorphic
rocks, Paleozoic sedimentary rocks, and Laramide plutonic rocks of intermediate composition.
The area contains base- and precious-metal skarn mineralization in Paleozoic rocks associated with
the porphyry copper deposit at Johnson Camp. Strongly anomalous Ag, Cu, and Mo (pls. 3, 8,
and 10) and moderately anomalous Sn (pl. 13) are present in samples collected from the eastern
part of the range. These anomalies reflect the porphyry copper-molybdenum deposit and
surrounding mineralization at Johnson Camp.

Nogales Quadrangle

ntai i --Outcrops in this area consist largely of Jurassic
sedimentary and volcanic rocks and Jurassic and Cretaceous felsic to intermediate plutonic rocks.
Much of the area contains weakly to moderately anomalous Au (pls. 5 and 6). Strongly anomalous
Te (pl. 14) occurs in the center of the range from near Mildred Peak northward. The Mildred Peak
area also locally exhibits anomalous Ag, As, Pb, Sb, and W (pls. 3, 4, 11, 12, and 16) as well as
scattered anomalies for Mo, Sn, and W (pls. 10, 13, and 16). The Ag, As, Au, Sb, and Te suite
suggests epithermal precious-metal vein mineralization. Tin and W anomalies suggest that veins
rich in these two elements or Sn-rich felsic igneous rocks may be present. Areas containing
anomalous Mo, Sn, and W may indicate porphyry molybdenum mineralization.

--Rocks in this complex mountain range include Jurassic and

Laramide felsic to intermediate plutonic rocks, Paleozoic sedimentary rocks, Mesozoic sedimentary
and volcanic rocks, and Tertiary volcanic rocks. Numerous major porphyry copper-molybdenum
deposits are present along the east side of the range.

Stream-sediment samples collected from the west side of this range contain strong anomalies
for Ag, Hg, Pb, Sb, Te, and Zn (pls. 3, 9, 11, 12, 14, and 17). Most of these anomalies are in or
near the Ash Creek drainage below known mineralized localities. This suite suggests that Ag-Pb-
Zn vein-type mineralization is the most common. One sample was anomalous for Au (pl. 6). The
southern and eastern parts of the range contain scattered sites with strongly anomalous Cu, Mo,
and Te (pls. 8, 10, and 14) and locally anomalous Ag and As (pls. 3 and 4). These anomalies
correlate with the known porphyry copper-molybdenum and associated skarn deposits in this area.

--This area is composed almost entirely of Cretaceous
and Tertiary volcanic rocks. Samples from the area are strongly anomalous for Ag, Hg, and Sb
(pls. 3, 9, and 12), and are locally weakly to moderately anomalous for Au, Mo, Pb, and Te (pls.
6, 10, 11, and 14). These elements correlate with known epithermal Ag-Hg base-metal veins in
the area.

--This range contains Jurassic and Cretaceous volcanic and
sedimentary rocks and Jurassic granitic rocks. Complex vein tungsten ores have been mined in the
northern part of the range and epithermal base- and precious-metal veins have been mined along the
south side. Samples collected from this range are strongly anomalous for Sb, Sn, and W (pls. 12,
13, and 16) and moderately to weakly anomalous for Ag, Au, and Mo (pls. 3, 5, 6, and 10).
These elements are consistent with the two known types of mineralization in the area.

San Luis Mountains-Cobre Ridge area (area L)--This area contains exposures of Jurassic and
Cretaceous sedimentary and volcanic rocks and Laramide felsic plutonic rocks. Small-scale base-
and precious-metal mining has occurred in the past. Samples from this area contain strongly
anomalous Au, Te, and W (pls. 5, 6, 14, and 16) as well as moderately to weakly anomalous Ag,
Bi, Cu, Hg, Mo, Pb, Sb, Sn, and Zn (pls. 3, 7-13, and 17). The anomalies for Ag, Au, Hg, Pb,
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Sb, Te, and Zn corroborate known epithermal Ag-Au vein mineralization. The anomalies for Bi,
Mo, Sn, and W may locate vein tungsten associated with the felsic plutonic rocks.
--The main rock types in this area include Jurassic and

Tertiary felsxc to intermediate volcanic rocks and Jurassic felsic plutonic rocks. Base- and
precious-metal vein deposits are found at the Ruby mine and numerous other smaller mines and
prospects. This area is strongly anomalous for many elements, including Ag, Au, Bi, Cu, Hg,
Mo, Pb, Sb, Sn, W, and Zn (pls. 3, 5-13, 16, and 17). The strong anomalies for Bi, Cu, Mo,
Sn, and W (as well as for some of the other elements) suggests that, in addition to vein deposits,
porphyry copper and (or) molybdenum mineralization could be present at depth, especially near
Bartlett Mountain.

jari --Jurassic and Tertiary volcanic rocks predominate; small amounts
of Mesozoic sedimentary rocks are present in the western part of the area. Samples from this area
are strongly anomalous for Ag, As, Au, Pb, Sb, Sn, and Zn (pls. 3-6, 11-13, and 17) and are
weakly to strongly anomalous for Bi, Hg, Mo, Te, and U (pls. 7, 9, 10, 14, and 15). Small
epithermal base- and precious-metal vein deposits are known in the area and uranium
mineralization has also been identified. The anomalous elements corroborate these deposits and
also suggest that some of these small veins may be the upper manifestations of one or more deep-
seated porphyry copper-molybdenum systems.

Tumacacori Mountains (area Q)--The north end of this range contains a Jurassic granitoid
pluton and small exposures of altered Paleozoic sedimentary rocks. Nearly all of the rest of the
range is composed of Tertiary volcanic rocks. Samples from this range contain scattered strong
anomalies for As, Au, Sb, and Sn (pls. 4, 6, 12, and 13) and local moderate to weak anomalies for
Ag, Au, Bi, Hg, Mo, and Te (pls. 3, 5, 7, 9, 10, and 14). The strongest anomaly, which contains
As, Au, Hg, Sb, Sn, and Te, is near the north end of the range. This anomaly is near the contact
between the granitic pluton and Tertiary volcanic rocks and suggests that epithermal-vein gold
mineralization may be present.

Mm@ﬂxﬁm_(mﬂ--’lhis small area consists of outcrops of a Jurassic granite. The
area contains weakly anomalous Au, Bi, Hg, Sb, and Sn (pls. 5, 7, 9, 12, and 13). This suite
suggests that weak vein-associated gold mineralization may be present locally

--This range contains a complex assemblage of Proterozoic
plutonic rocks; Paleozoic sedimentary rocks; Mesozoic sedimentary, volcanic, and plutonic rocks;
and Tertiary volcanic and intrusive rocks. Skarn deposits occur at the south end of the range; base-
and precious-metal-vein deposits are found in the middle and northern parts of the range; and
porphyry copper-molybdenum mineralization is found at Red Mountain in the northern part of the
range. Porphyry-type mineralization is also present at other localities in the range.

On the basis of the available geochemical data, the Patagonia Mountains are probably the most
highly mineralized part of the study area. Much of the range is moderately to strongly anomalous
for all 14 selected ore-related elements (Ag, As, Au, Bi, Cu, Hg, Mo, Pb, Sb, Sn, Te, U, W, and
Zn) (pls. 3-17). This suite is consistent with known porphyry copper-molybdenum mineralization
at Red Mountain, base- and precious-metal mineralization that is associated with at least one major
mineralized fault, and skarn mineralization at the south end of the range. The intensity and extent
of the geochemical anomalies in the range as a whole suggest that additional porphyry- and vein-

mineralization may be present at depth in various parts of the range (Chaffee and others,
1981).

--This small range contains Cretaceous sedimentary rocks
that were intruded by a small pluton. Samples collected in the area contain moderately to strongly
anomalous Hg (pl. 9), as well as moderately to weakly anomalous Ag, Au, Cu, Mo, Pb, Sb, Te,
U, and Zn (pls. 3, 5, 8, 10-12, 14, 15, and 17). This suite probably represents epithermal base-
and precious-metal vein mineralization but may also represent the upper manifestations of a deep-
seated porphyry copper-molybdenum system.

Santa Rita Mountains (area S)--Rocks in this area range from Proterozoic to Quaternary and
include felsic to intermediate plutonic rocks, felsic to mafic volcanic rocks, and clastic and
nonclastic sedimentary sequences. The most significant types of mineralization in the range

23



include precious-metal veins, base- and precious-metal skarn deposits, and porphyry copper-
molybdenum deposits.

The range has not as yet been adequately sampled, but the available stream-sediment analyses
indicate that the area is strongly mineralized. Stream-sediment samples from the area are strongly
anomalous for Ag, As, Au, Cu, Pb, Sn, U, and Zn (pls. 3, 4, 6, 8, 11, 13, 15, and 17) and
weakly to moderately anomalous for Bi, Hg, Mo, Sb, Te, and W (pls. 7, 9, 10, 12, 14, and 16).
These anomalies are associated with known mineralization (1) north of Mt. Fagan at the north end
of the range, (2) in the Helvetia-Rosemont district, (3) in the Greaterville district (Drewes, 1970),
(4) in the Cottonwood Canyon (Glove mine) area, and (5) in the Squaw Peak-Temporal Gulch area
at the south end of the range (Drewes, 1967). Many of the stream-sediment anomalies present in
the Patagonia Mountains (area Q) continue northwestward into the south end of the Santa Rita
Mountains, suggesting that similar mineralized areas, particularly for porphyry copper-
molybdenum deposits, may be present in the Santa Rita Mountains. Locally high concentrations of
Mo, Sn, and (or) W may indicate occurrences of vein or skarn tungsten deposits or deep-seated
porphyry copper and (or) molybdenum systems.

i i --This range, northeast of the Santa Rita Mountains, contains similar
geology. Base- and precious-metal mineralization is present locally. This area has not, as yet,
been adequately sampled. Available data show stream-sediment samples with strongly anomalous
Mo, and Te (pls. 10 and 14) as well as weakly to moderately anomalous Ag, As, Bi, Cu, Pb, Sb,
and Zn (pls. 3, 4,7, 8, 11, 12, and 17). This suite corroborates known Ag-rich base-metal
mineralization. It is possible that this mineralization may be associated with a deep-seated
porphyry copper-molybdenum system.

Whetstone Mountains (area U)--This range contains Proterozoic granite and gneiss, Paleozoic
sedimentary rocks, and Mesozoic and Tertiary sedimentary, volcanic, and plutonic rocks. Part of
the area was sampled for a mineral resource assessment of the Whetstone Roadless Area (Wrucke
and others, 1983). Samples collected in this range show scattered anomalies for Ag, As, Bi, Cu,
Mo, Sb, Sn, U, and W (pls. 3, 4, 7, 8, 10, 12, 13, 15 and 16), and a widespread weak to
moderate anomaly for Au (pl. 5). The most significant anomaly (As, Au, Bi, Cu, and Mo) is in
Mescal Creek on the southeast side of the range, where porphyry copper-molybdenum
mineralization and base- and precious-metal mineralization are known (Wrucke and others, 1983).
Bismuth, Sn, and W anomalies may be associated with tungsten-vein mineralization. Other
deposits identified in this range by Wrucke and others (1983) contain F, Hg, and U.

i --Outcrops in this small range are predominantly Paleozoic
sedimentary and Jurassic volcanic rocks. The few stream-sediment samples from the area contain
scattered anomalies for Au, Pb, and Te (pls. 6, 11, and 14), suggesting that epithermal precious-
metal vein mineralization may be present locally.

Canelo Hills (area W)--This area contains a predominance of Paleozoic sedimentary rocks and
Jurassic and Cretaceous volcanic rocks. Local anomalies of Au, Pb, Sb, Sn, Te, and Zn (pls. 5,
6, 11-14, and 17) are found in the area. The source or sources of most of these anomalies are not
known. Only the Sn anomalies are particularly strong; they are probably related to Sn-bearing
felsic volcanic rocks.

i --Proterozoic granite, Paleozoic and Mesozoic sedimentary
rocks, and Jurassic and Cretaceous felsic to intermediate intrusions predominate in this area.
Stream-sediment samples are moderately to strongly anomalous for Hg, Pb, Sn, Te, W, and Zn
(pls. 9, 11, 13, 14, 16, and 17) on the east side and for Ag, Cu, Hg, Pb, Sn, Te, and Zn (pls. 3,
8,9, 11, 13, 14, and 17) on the west side. Anomalies for Au, Bi, and (or) Sb (pls. 5-7 and 12)
are present in scattered localities. The Bi, Sn, and W anomalies are related to known tungsten-vein
mineralization along the east front of the range. The other elements reflect known polymetallic
base- and precious-metal vein-type and skarn mineralization, primarily in the western part of the
range.

Tombstone Hills (area Y)--This area contains outcrops of Paleozoic and Mesozoic sedimentary
rocks, Mesozoic volcanic rocks, and Laramide intrusions. Past mining has been of carbonate-
hosted base- and precious-metal ores. Stream-sediment samples are moderately to strongly
anomalous for Ag, As, Au, Cu, Hg, Pb, Sb, Te, and Zn (pls. 3-6, 8, 9, 11, 12, 14, and 17) and
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also contain weakly to moderately anomalous Mo (pl. 10). These anomalous elements reflect the
known mineralization but also suggest that a porphyry copper-molybdenum system may be present
at depth.

Mule Mountains (area Z)--Only a small part of this range, which includes the Bisbee porphyry
copper district, is in the study area. The exposures are mostly Paleozoic sedimentary rocks but
include Proterozoic metamorphic rocks and Laramide intrusions. Samples from this area contain
strongly anomalous Te (pl. 14) and weakly to moderately anomalous Au, Pb, and Sn (pls. 5, 11,
and 13). The Au and Te may reflect the outer effects of a chemical halo surrounding the Bisbee
district or might represent leakage from a deep, as yet unknown, porphyry copper-molybdenum
system.

--About one-third of this range is within the study area. The
entire range was studied for the Dragoon Mountains Roadless Area assessment (Drewes and
others, 1983). The part of the range in the study area contains mostly Proterozoic granodiorite and
metamorphic rocks, Paleozoic and Mesozoic sedimentary rocks, and Tertiary granitic rocks. The
roadless area study identified localities west of 110°00" west longitude that might contain silver-
and base-metal-rich skarn deposits, porphyry molybdenum deposits, and replacement or vein
deposits of tungsten (Drewes and others, 1983).

Based on available geochemical data, this range is one of the most intensely mineralized in the
study area. Strong to moderate anomalies for Ag, As, Au, Bi, Cu, Mo, Pb, Sb, Sn, Te, W, and
Zn (pls. 3-5, 7, 8, 10-14, 16, and 17) all overlap in the northern part of the range. This suite of
elements agrees with those that might be expected in the types of mineralization mentioned above.
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