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Geology and Mineral Resources of the Reno 
1 o by 2° Quadrangle, Nevada and California 
By David A. John, John H. Stewart, James E. Kilburn, Norman J. Silberling, 
and Larry C. Rowan 

Abstract 

The geology and mineral resources of the Reno 1 o by 2° 
quadrangle, Nevada and California, were studied by a team 
of geologists, geochemists, and geophysicists as part of the 
Conterminous United States Mineral Assessment Program 
(CUSMAP) of the U.S. Geological Survey between 1985 and 
1990. This report summarizes the geology and metallic min
eral resources in the Reno quadrangle. 

Paleozoic(?) and Mesozoic metasedimentary and 
metavolcanic rocks are the oldest rocks exposed in the Reno 
quadrangle. They are divided into seven tectonostratigraphic 
terranes, most of which were previously established by other 
geologists for western Nevada. Principal tectonostratigraphic 
terranes are the Pine Nut, jungo, Sand Springs, and Paradise 
terranes and some unassigned metavolcanic rocks; less areal
ly extensive units are the Mountain Well sequence and Mar
ble Butte rocks. The distribution of the Paleozoic(?) and 
Mesozoic metamorphic rocks is the result of polyphase tec
tonic transport both subparallel and perpendicular to the ear
ly Mesozoic continental margin. 

Mesozoic plutonic rocks are divided into three groups 
that consist of Middle jurassic volcanic arc-related granitoids, 
Middle jurassic mafic plutonic rocks of the Humboldt com
plex, and mid- to Late Cretaceous granitoids of the Sierra 
Nevada batholith. The jurassic granitoids appear to have 
been emplaced at significantly shallower depths than the 
Cretaceous granitoids and are associated with copper-iron 
mineralization of porphyry copper and copper and iron 
skarn types, whereas most mineralization related to the Cre
taceous granitoids is the tungsten skarn type. 

Cenozoic volcanic and sedimentary rocks are divided 
into three volcanic assemblages that represent different vol
canic-tectonic environments. These are (1) the interior 
andesite-rhyolite assemblage consisting of silicic ash-flow 
tuffs and lesser amounts of intermediate composition lavas 
that range in age from about 31 to 20 Ma, (2) the western 
andesite assemblage whose rocks are lithologically similar to 
those of the Cascade volcanic arc and consist of intermedi-
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ate composition lavas ranging in age from about 20 to 12 
Ma, and (3) the bimodal basalt-rhyolite assemblage and as
sociated sedimentary rocks consisting of mafic and silicic la
vas and hypabyssal intrusions and extension-related 
sedimentary and alluvial deposits that range in age from 16 
Ma to present. Several calderas associated with the interior 
andesite-rhyolite assemblage are identified in the eastern part 
of the quadrangle, and four major igneous centers related to 
the western andesite assemblage are identified in the south 
half of the quadrangle. Quaternary alluvial and basin-fill de
posits cover much of the quadrangle. 

Late Cenozoic structures developed during several peri
ods of normal faulting and crustal extension and include a 
major zone of strike-slip faulting. Early to middle Miocene 
large-scale crustal extension, resulting in steeply tilted Tertia
ry rocks and rotation of high-angle normal faults to shallow 
dips, has been identified in several areas, notably in the 
southern Stillwater Range and along the south edge of the 
quadrangle from the northern Wassuk Range to near Carson 
City. A second period of more moderate extension, resulting 
in development of modern basin-and-range physiography, 
may have begun about 16 Ma and continues to the present. 
Much of the west half of the quadrangle lies within the 
Walker Lane Belt, a northwest-trending structural zone, 
which in the Reno quadrangle is characterized by northwest
striking right-lateral strike-slip faults at its northwestern and 
southeastern ends and by northeast-striking left-lateral oblique
slip faults in its central part. 

Interpretative geophysical maps, including depth to Mes
ozoic bedrock, depth to shallow magnetic sources, and 
edges of magnetic bodies, were constructed to aid in 
interpreting shallow subsurface geology beneath basin fill 
and (or) Cenozoic volcanic rocks. These maps were used to 
(1) outline areas of shallow Mesozoic basement (<500 m be
low the surface) and extensions of Tertiary volcanic rocks 
beneath thin deposits of upper Cenozoic basin fill and (2) to 
outline areas permissive for various types of mineral deposits 
on the basis of subsurface extension of exposed geology. 

About 20 types of metallic mineral deposits are present 
in the Reno quadrangle. The most important deposit types in 
terms of historical and (or) current production are adularia
sericite gold-silver, porphyry copper, tungsten skarn, iron 
skarn, and sediment-hosted gold deposits. Characteristics of 



known deposits are described, as well as characteristics of 
deposit types not known to be present in the quadrangle but 
considered potentially present. Broad areas are delineated 
for most deposit types that are permissive for the presence of 
undiscovered deposits. More areally restricted areas contain
ing evidence for mineralization and thus considered favor
able for undiscovered deposits are outlined for 10 deposit 
types including adularia-sericite gold-silver, quartz-alunite 
gold, porphyry copper, iron skarn, tungsten skarn, copper 
skarn, and zinc-lead skarn, polymetallic replacement, and 
several types of uranium deposits. 

Nonmetallic minerals (for example, sand and gravel, 
limestone, diatomite, gypsum, salt), oil and gas, and geother
mal energy resources are described briefly but are not evalu
ated in this report. 

INTRODUCTION 

The geology and mineral resources of the Reno I o by 
2° quadrangle, Nevada and California (fig. I), were 
studied as part of the U.S. Geological Survey Contermi
nous United States Mineral Assessment Program (CDS
MAP) between I985 and I990. In this report, the Reno I o 

by 2° quadrangle is referred to as "the Reno quadrangle" 
or "the quadrangle." The project was an interdisciplinary 
study that encompassed geology, geochemistry, and geo
physics. This report summarizes the studies completed as 
part of the project, discusses the geology of the Reno 
quadrangle as a background for the evaluation of metallif
erous mineral resources, and discusses known and poten
tial metalliferous mineral deposits in the quadrangle. 
Nonmetallic minerals, oil and gas, and geothermal energy 
resources are briefly discussed, although the potential for 
undiscovered resources of these commodities was not 
evaluated. 

The Reno CUSMAP project included geologic map
ping and compilation of a new geologic map at a scale of 
I :250,000 (Greene and others, I99I ), compilation of new 
gravity and aeromagnetic maps (Plouff, I992; Hendricks, 
I992), compilation of well-log data showing depth to bed
rock, construction of interpretative gravity and aeromag
netic maps that show depth to Mesozoic basement, areas of 
magnetic sources, and edges of magnetic bodies, compila
tion of remote-sensing maps showing distribution of hy
drothermal alteration and lineaments, characterization of 
mines and prospects by deposit type (John and Sherlock, 
I99I), K-Ar and Rb-Sr geochronology, geochemical sam
pling of mines, prospects, and hydrothermally altered ar
eas, geochemical analyses of regional stream-sediment 
samples (Kilburn and others, I990), geochemical studies of 
granitic rocks (John, I992), and paleomagnetic studies. 
The overall scope of these studies is described briefly be
low, as are results of many of these studies as they relate to 
the mineral resource assessment. Several of these studies 
were done as part of, or in conjunction with, the Nevada 

State mineral assessment project conducted by the U.S. 
Geological Survey and the Nevada Bureau of Mines and 
Geology (Cox and others, 1990). 

Results of the mineral resource assessment of the 
Reno quadrangle reflect our understanding of the geology 
and mineral resources at the time the assessment was com
pleted (fall of I990). Undoubtedly, some conclusions con
tained in this report may change as additional knowledge 
is obtained in the various scientific disciplines listed 
above. Several limitations on the conclusions of this study 
need to be kept in mind. In particular, limits on funding 
and personnel restricted the amount of fieldwork that 
could be conducted. Consequently, new geologic mapping 
was not completed in all areas identified as needing new 
mapping to produce a geologic map of uniform quality 
and detail, relatively few new geochemical data were gath
ered and a systematic stream-sediment sampling program 
was not undertaken, geophysical studies and field investi
gations of mines and prospects were not completed, and 
topical studies, such as characterization of granitic plutons, 
were not completed. Fieldwork of varying duration was 
undertaken from I986 through I989, and limited field 
checking was completed in I990. 
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BACKGROUND STUDIES 

Geologic Mapping 

The geologic map compiled for this study (Greene and 
others, 1991) is based on new mapping of approximately 30 
percent of the quadrangle at I :62,500 or larger scales and com
pilation of existing mapping for the rest of the quadrangle. 
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Figure 1. Index map showing location of geographic and cultural features in the Reno quadrangle, Nevada and California. Also shown is approximate outline of the 
Walker Lane Belt structural and physiographic zone (diagonal line pattern) modified from Stewart (1988). 



Areas mapped as part of this study were mostly in the south 
half of quadrangle and included the northern Pine Nut 
Mountains, Churchill Butte, the Desert Mountains, the Dead 
Camel Mountains, parts of the Virginia Range, the Terrill 
Mountains, the Blow Sand Mountains, the Sand Springs 
Range, Fairview Peak, and the southern Stillwater Range 
(fig. 1). Much of the western part of the quadrangle has been 
mapped at a scale of 1 :24,000 by personnel of the Nevada 
Bureau of Mines and Geology subsequent to publication of 
county reports for these areas (Moore, 1969; Bonham, 
1969), and these maps were used to update the geologic 
maps in the county reports. Much of the north-central and 
northeastern parts of the quadrangle were not remapped and 
are only slightly modified from the maps in the Washoe and 
Storey Counties (Bonham, 1969) and Churchill County 
(Willden and Speed, 1974) reports. A simplified version of 
the new geologic map is included on plates 1-4. 

Gravity Data 

Gravity studies in the Reno quadrangle were based on 
data obtained from the National Geophysical Data Center 
(1984) s·applemented by 275 data points obtained from the 
Nevada Bureau of Mines and Geology (Erwin, 1982) and 
300 data points from Wahl and Peterson (1976). An addi
tional 424 gravity stations were established by the U.S. 
Geological Survey in 1987-88. Redundant or mislocated 
data points were discarded. The remaining points were used 
to calculate terrain-corrected Bouguer gravity anomalies 
that were contoured at a scale of 1:250,000 to produce the 
final gravity map for the Reno quadrangle (Plouff, 1992). 

An interpretative map showing depth to Mesozoic 
bedrock was produced by R.C. Jachens (unpub. data, 1988) 
for use in the Nevada State mineral assessment. This map 
was slightly modified by D.A. Ponce (written commun., 
1991) using a different data set of gravity measurements. 
These maps were produced by an iterative procedure that 
divided the gravity field into two components: gravity pro
duced by Cenozoic rocks and gravity produced by Meso
zoic basement rocks; the thickness of Cenozoic rocks was 
estimated from differences in the two gravity components 
(Jachens and Moring, 1990). Jachens and Moring (1990) 
described the uncertainties associated with this procedure. 
We used the 500-m contour denoting depth to Mesozoic 
bedrock as shown on the revised map of D.A. Ponce as a 
maximum depth to which we projected the permissive 
areas and favorable tracts for mineral resources in areas of 
the quadrangle covered by Cenozoic deposits (fig. 2). 

Aeromagnetic Data 

A new aeromagnetic map of the Reno quadrangle 
(Hendricks, 1992) is based on data compiled by Hilden
brand and Kucks ( 1988) that they used to produce a digital 

aeromagnetic map for Nevada. The new aeromagnetic map 
was primarily used to locate possible unexposed Tertiary 
intrusions that may be indicated by strong magnetic highs 
or lows in areas of Tertiary volcanic rocks. 

An interpretative map showing areas of shallow mag
netic sources was compiled by R.J. Blakely (unpub. data, 
1988) for the Nevada State mineral assessment and was 
modified by D.A. John using a more detailed geologic 
map. The map is based on aeromagnetic data that were 
collected by the National Uranium Resource Evaluation 
(NURE) Program along east-west flightlines spaced ap
proximately 5 km apart and flown at constant elevation of 
approximately 120 m above the ground. The procedure for 
constructing the map is discussed by Blakely and Jachens 
( 1991 ). The map allows semiquantitative estimates of 
depth to magnetic sources and can be used to identify 
areas where Tertiary volcanic rocks covered by late Ceno
zoic alluvial and sedimentary deposits are likely to be less 
than 500 m below the surface (fig. 3). 

A map showing the edges of magnetic bodies was 
produced by R.J. Blakely (unpub. data, 1988) for the Ne
vada State mineral assessment. It is based on a procedure 
developed by Cordell and Grauch ( 1982, 1985) to identify 
edges of magnetic bodies. The procedure is described in 
detail in these papers and by Blakely and Simpson (1986). 
The procedure produces a map showing abrupt lateral 
changes in the magnetic field. This map allows interpreta.: 
tion of the subsurface extent of magnetic bodies, such as 
plutons, beneath alluvial cover and often is more precise 
in locating edges of magnetic bodies than simple aeromag
netic maps (Blakely and Simpson, 1986). 

Isotopic-Dating Studies 

New isotopic-dating studies mostly included dating by 
the K-Ar method of fresh Tertiary volcanic and plutonic 
rocks in the southern Stillwater Range and the area between 
Fernley and Yerington, which is about 1.5 km south of the 
Reno quadrangle. About 25 samples were dated as part of 
this project by E.H. McKee (unpub. data, 1990). In addi
tion, several unpublished K-Ar age determinations of hy
drothermal minerals collected from various mining districts 
in the Reno quadrangle have been completed as part of the 
U.S. Geological Survey-Nevada Bureau of Mines and Ge
ology Cooperative Program and made available to this 
project (E.H. McKee, unpub. data, 1990). Rubidium and 
strontium isotopic compositions were measured for about 
90 granitic rock samples from the Reno quadrangle and 
used to construct whole-rock isochrons for several granitic 
plutons (A.C. Robinson and D.A. John, unpub. data, 1990). 

Paleomagnetic Data 

Paleomagnetic samples of Tertiary volcanic and plu
tonic rocks in the southern Stillwater Range and southern 
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Sand Springs Range were collected and analyzed from 
about 50 sites by M.R. Hudson. These data supplement 
published paleomagnetic data from the northern Stillwater 
Range and Clan Alpine Mountains (Hudson and Geiss
man, 1987; 1991). These data also complement field and 
geochronologic data in restricting the timing of Tertiary 
extension in the southern Stillwater Range (John and Mc
Kee, 1991; John, in press). 

Geochemical Data 

Regional stream-sediment geochemical studies were 
limited to reanalysis of 960 stream-sediment samples col
lected during the NURE Program (Bennett, 1980). Analyt
ical techniques and results are given in Kilburn and others 
( 1990). Problems resulted because many samples were 
contaminated, and the sample coverage was not thorough 

EXPLANATION 

c:::J Cenozoic deposits greater than 500 m thick 

or of uniform quality. Results of the regional geochemical 
study are discussed in the geochemical section. 

About 800 rock samples collected from mines, pros
pects, and altered areas and about 90 samples of unaltered 
granitic plutons were chemically analyzed. Five groups of 
samples were collected and analyzed. These are ( 1) hydro
thermally altered rocks collected during field checking of 
hydrothermal alteration detected by remote sensing by 
L.C. Rowan and others, (2) samples collected from dumps 
of mines and prospects primarily in the eastern and south
ern parts of the quadrangle by D.A. John and G.B. Sidder, 
(3) hydrothermally altered rocks collected during geologic 
mapping mostly in the southern Stillwater Range by D.A. 
John, (4) hydrothermally altered and unaltered granitic 
rocks and their wallrocks collected from throughout most 
of the quadrangle except the Sierra Nevada block by D.A. 
John, and (5) rocks collected in and around the Humboldt 

0 10 20 KILOMETERS 

[]§] Cenozoic deposits less than or equal to 500 m thick 
0 10 MILES 

Figure 2. Areas of shallow (<500 m) pre-Tertiary rocks (based on gravity studies) in the Reno quadrangle, Nevada and California. 
State line shown on figure 1. Outline of shaded pattern is contour showing the 500-m depth to pre-Tertiary bedrock, the maximum 
depth to which permissive terranes and favorable tracts were projected for the mineral resource assessment. Modified from R.C. 
jachens (unpub. data, 1988) and D.A. Ponce (unpub. data, 1991 ). 
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complex by G.B. Sidder and M.L. Zientek. Samples were 
collected to help characterize large areas of hydrothermal 
alteration and potential mineralization, to characterize plu
tonic rocks in the quadrangle, and to aid in interpreting the 
Humboldt complex. 

Samples were analyzed either by induction-coupled 
plasma spectrometry (Crock and others, 1983) or by semi
quantitative emission spectrographic methods (Grimes and 
Marranzino, 1968; Motooka and Grimes, 1976) for 40 or 
33 elements, respectively. Samples were also analyzed for 
gold, tellurium, and thallium by the atomic-absorption 
method of Hubert and Chao (1985); for mercury using a 
modification of the methods of McNerney and others 
( 1972) and Vaughn and McCarthy ( 1964 ); for arsenic, an
timony, bismuth, cadmium, and zinc by the atomic-absorp
tion technique of O'Leary and Viets (1986); and for 

' . 

----------, ~--,, ', _________ / ' 

No data 

----~------~-------

EXPLANATION 

tungsten by the colorimetric method of Welsch (1983). 
Major- and trace-element contents of fresh granitic rocks 
were analyzed by wavelength-dispersive X-ray fluores
cence (Taggert and others, 1987) and energy dispersive X
ray fluorescence (Johnson and King, 1987), respectively. 

Mines and Prospects Data 

Data compiled for approximately 450 mines and pros
pects in the Reno quadrangle from a combination of pub
lished data, records in the U.S. Geological Survey Mineral 
Resource Data System (MRDS), field studies, and 
geochemical studies are included in John and Sherlock 
( 1991 ). About 20 types of mineral deposits were identified 
in the Reno quadrangle (table 1) and about three-quarters 
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h<<<>:l Area with greater than 500 m of upper Cenozoic 

alluvial and sedimentary deposits 0 10 MILES 

Figure 3. Areas with shallow magnetic sources (s1 km) (as determined from NURE aeromagnetic data) beneath Cenozoic alluvial 
and sedimentary deposits in the Reno quadrangle, Nevada and California. State line shown on figure 1. Outline of shaded pattern is 
contour showing less than 1-km depth to magnetic sources and represents areas covered by upper Cenozoic sedimentary rocks and 
basin-fill deposits greater than 1 km thick. Dashed lines with query marks denote estimated extent of shallow magnetic sources. 
Query marks denote uncertain extent of shallow magnetic sources. Modified from R.j. Blakley (unpub. data, 1988). 
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of the known mines and prospects were classified by de
posit type. Approximate locations of mining districts in the 
Reno quadrangle are shown in figure 4. 

Remote-Sensing Data 

A map showing the distribution of hydrothermally al
tered rocks was compiled through field evaluation of areas 
that were delineated in Landsat Thematic Mapper (TM) 
images (Rowan and others, in press). The visible and near
infrared (0.4 to 2.5 micrometers) reflectance spectra of hy
drothermally altered rocks are commonly characterized by 
iron absorption in the short-wavelength region and hy
droxyl absorption in the long-wavelength region. Iron ab
sorption is due to the presence of iron oxide and 
hydroxide minerals produced by oxidation of metallic sul
fide minerals. Hydroxyl absorption is related to clay and 
other hydroxyl minerals that form through alteration of 
feldspar and ferromagnesium minerals. The presence of 
these alteration minerals is shown on TM images using a 

combination of channels that enhance their absorption fea
tures. Because these minerals occur in some unaltered 
rocks, such as limonitic shale, field and laboratory evalua
tions were necessary to confirm the identification of hy
drothermally altered rocks. Limitations of this method 
include the lack of alteration minerals that display these 
absorption features, obscuration by vegetation cover, and 
the spatial resolution of the TM images (30 m). 

AREA DESCRIPTION 

The Reno quadrangle encompasses about 19,300 km2 

between lat 39° and 40° N. and long 118° and 120° W. in 
western Nevada and extreme eastern California (fig. 1). 
More than 99 percent of the quadrangle lies in western 
Nevada with only a thin strip along the northwest bound
ary of the quadrangle lying in eastern California. Reno, 
Sparks, Carson City, and Fallon are the largest cities in the 
quadrangle and contain most of its population; the rest of 
the quadrangle is generally sparsely populated. Interstate 
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80 runs east to west across the central and northern parts of 
the quadrangle, U.S. Highway 50 runs east to west across 
the central and southern parts of the quadrangle, and U.S. 
Highways 395, 95, and Alternate 95 run north to south 
through the western and central parts of the quadrangle. 
Numerous state and county roads, both paved and im
proved gravel, are present in the west half of the quadran
gle, but relatively few roads are present throughout much 
of the eastern third of the quadrangle. Elevations range 
from about 1,025 m (3,360 ft) on the floor of Dixie Valley 
to 3,285 m (10,776 ft) at the summit of Mt. Rose. 

GEOLOGY 

The Reno quadrangle straddles two geologic and 
physiographic regions: the Sierra Nevada and the Basin 
and Range Province. About 90 percent of the quadrangle 
lies within the western part of the Basin and Range Prov
ince, an area of alternating basins separated by narrow, 
elongate ranges formed during late Cenozoic block faulting 
and crustal extension. The mountainous terrain of the Sier
ra Nevada encompasses only the Carson Range in the 
southwestern part of the quadrangle. The Basin and Range 
Province includes numerous northwest- to northeast-trend
ing ranges and broad intervening basins including Carson 
Sink, Carson Lake, and Dixie Valley. The basins were cov
ered by Lake Lahontan during Pleistocene glacial periods. 

Previous geologic studies, which date from discovery 
of the Comstock Lode in 1859 and the 40th Parallel Sur
vey in the 1860's (Richtofen, 1866; King, 1870, 1878), are 
too numerous to describe in detail. Important summaries 
of previous geologic studies are given in county reports 
for Washoe and Storey Counties (Bonham, 1969), Mineral 
County (Ross, 1961), Lyon, Douglas, and Ormsby (Carson 
City) Counties (Moore, 1969), Churchill County (Willden 
and Speed, 1974), and northern Nye County (Kleinhampl 
and Ziony, 1984, 1985). Other recent compilations of pre
vious geologic studies in the Reno quadrangle include 
Hurley and others (1982) and Sidder (1986, 1987). 

Three groups of rocks and deposits are present in the 
Reno quadrangle: (1) pre-Tertiary metasedimentary and 
metavolcanic rocks, (2) Mesozoic plutonic rocks, and (3) 
Cenozoic volcanic, sedimentary, and plutonic rocks and al
luvial deposits. These groups of rocks and their tectonic 
evolution are discussed in the next section. 

Pre-Tertiary Metavolcanic and Metasedimentary 
Rocks 

Most scattered outcrops of pre-Tertiary metavolcanic 
and metasedimentary rocks in the Reno quadrangle can be 
assigned to one of the principal allochthons or tectonos
tratigraphic terranes previously established in western Ne-

vada (Oldow, 1984; Silberling and others, 1987; 
Silberling, 1991) (fig. 5). For treating the predominant pre
Tertiary geologic elements of the quadrangle, these ter
ranes provide useful first-order subdivisions. Some expo
sures in the Reno quadrangle, however, such as those 
composed wholly of undated metavolcanic rocks in the 
western part of the quadrangle, are stratigraphically and 
structurally too indistinct for terrane assignment. In addi
tion, a few discrete exposures, although geologically dis
tinct, have some unique characteristics unlike those known 
for the more extensive terranes and are thus treated sepa
rately. The inferred extent of pre-Tertiary tectonic terranes 
in the Reno quadrangle, extrapolating from the outcrops 
that are assigned to terranes, is shown on figure 6. At best, 
the boundaries between the terranes are poorly defined, 
and their configuration beneath the extensive Cenozoic 

. cover in the central part of the quadrangle (Carson Desert 
and Carson Sink) is unknown. All pre-Tertiary metamor
phic rocks except gabbroic rocks of the Jungo terrane are 
combined as one unit, J"'R sv, on the generalized geologic 
map (pls. 1-4). 

The Jungo terrane (unit JO on fig. 5 and units J01 
and J02 on fig. 6) underlies the northeastern part of the 
Reno quadrangle and also extends east and far to the north 
of the quadrangle in northwestern Nevada (fig. 5). It is 
characterized by an extraordinarily thick, mostly basinal 
marine sequence of fine-grained continentally derived 
clastic rocks exclusively of Norian (late Late Triassic) to 
Early Jurassic age. In the Clan Alpine Mountains, about 
30 km east of the Reno quadrangle, the thickness of main
ly pelitic Norian rocks of the Jungo terrane was estimated 
by Speed (1978) to exceed 5 km. Throughout its great 
thickness, quartz, along with ubiquitous, but subordinate 
amounts of feldspar and detrital mica, forms the principal 
framework grains in sandstones. Illitic clay and chlorite 
are the predominant pelitic components along with gra
phitic and ferric-oxide pigment. In addition to the fine
grained clastic rocks in the Jungo terrane, subordinate in
terstratified units of carbonate rocks are as thick as several 
hundred meters, and some of the terrigenous clastic 
rocks-especially those of Early Jurassic age-are calcar
eous. Strata older than Norian age are not exposed in the 
Jungo terrane, and its basement is unknown. Speed ( 1979) 
hypothesized that the Mesozoic strata of the Jungo terrane 
were deposited in a basin formed by the contraction and 
subsidence of a late Paleozoic arc complex; among other 
alternatives, they may have originally accumulated directly 
on oceanic crust formed by Triassic rifting. In any case, 
large-scale, partly isoclinal folds and related faults are per
vasive in exposed rocks of the terrane, and the largely 
pelitic rocks characteristic of the terrane are a volumetri
cally large crustal component in direct relation to their 
great original thickness. 

Mafic igneous rocks of gabbroic complexes form a 
significant part of the Jungo terrane and are shown sepa-
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rately on figure 6 (unit J02). These rocks are at least in 
part Middle Jurassic in age and structurally overlie the 
Upper Triassic and Lower Jurassic sedimentary rocks of 
the Jungo terrane. In the northeastern corner of the Reno 
quadrangle, gabbro, related intrusive rocks, ultramafic seg
regates, and basalt of the Humboldt lopolith (Speed, 1976) 
intrude quartzite and associated sedimentary rocks of 
probable Jurassic age; together, these units, are thrust over 
the older strata of the Jungo terrane. The total thickness of 
mafic magmatic rocks forming the Humboldt complex was 
inferred by Speed (1976) to exceed 2 km. Another gabbro
ic complex of hornfelsic basalt and mafic intrusive rocks 
occurs at the margin of the Jungo terrane in the north
central part of the Reno quadrangle. It may be related to 
the Humboldt complex, but neither its age nor relation to 
surrounding pre-Tertiary rocks is known. Recent interpre
tation by Dilek and others (1988) of their informally 
named Humboldt complex as the ophiolitic basement of 
the lower Mesozoic strata of the Jungo terrane would 
seem to violate the known age and structural relations. In
trusion into the Jungo terrane during either initial tectonic 
contraction (Speed, 1976) or an episode of Middle Jurassic 
rifting is more plausible. 

The Paradise terrane is only represented at the east 
boundary of the Reno quadrangle by isolated exposures at 
Chalk Mountain and Westgate. These outcrops are as
signed to the Luning Formation and to the Volcano Peak 
Group of Taylor and others (1983), which are characteris
tic of this terrane southeast and south of the Reno quad
rangle. Distinctive inner-platform "primary" dolostone of 
the Luning is in strong lithologic contrast with age-equiva
lent deep-marine flyschoid terrigenous clastic rocks in 
nearby outcrops of the Jungo terrane, as discussed by 
Willden and Speed (1974). The combined thickness of car
bonate and calcareous fine-grained clastic rocks of the Up
per Triassic Luning and uppermost Triassic to Lower 
Jurassic Volcano Peak is as much as 2,000 m. Older parts 
of the Paradise terrane in ranges just southeast of the Reno 
quadrangle (Silberling and John, 1989) are mainly volcan
ogenic rocks of intermediate to mafic composition whose 
exact thickness is unknown but greater than 1 ,000 m. 

The Sand Springs terrane, exposures of which are 
present in the southeastern part of the Reno quadrangle, is 
characterized by ubiquitous volcanogenic rocks and a 
complex, partly metamorphic, Mesozoic tectonic history. It 
is a structurally composite terrane. Sparse occurrences of 
fossils within this terrane in and south of the Reno quad
rangle are of Late Triassic and Early Jurassic age. Princi
pal rock types, whose stratigraphic relations are largely 
unknown owing to the complex structure and scarcity of 
age data, include metapelitic rocks containing interstrati
fied volcaniclastic sandstone and coarser grained rocks, 
turbiditic volcanogenic sandstone, marble, andesitic brec
cia, and massive basalt. 

The Pine Nut terrane extends into the southwestern 
part of the Reno quadrangle from the south, and some of 
the undifferentiated metavolcanic rocks in the west-central 
part of the quadrangle may also belong to it. Outcrops as
signed to the Pine Nut terrane preserve parts of a variable 
but generally coherent, distinctive, volcanic-rich lower 
Mesozoic sequence. Four mappable units, in ascending 
order are: (1) Middle and (or) Upper Triassic volcanic 
flows, breccia, and tuff of andesitic to rhyolitic composi
tion and locally at least 1,000 m thick; (2) about 1,000 m 
of Upper Triassic limestone, which is mostly basinal in 
character, interstratified with volcanogenic rocks; (3) sev
eral hundred meters of Lower Jurassic tuffaceous sand
stone, siltstone, thin-bedded impure limestone, and 
argillite; and (4) a great thickness of Middle Jurassic and 
possibly younger subaerial, intermediate volcanic rocks. 
Orthoquartzite, locally associated with gypsum, is present 
in places between the Jurassic sandstone and the overlying 
volcanic rocks, and this contact may be a regional uncon
formity. The Triassic and Lower Jurassic units of the Pine 
Nut terrane are grossly correlative with those forming the 
Luning Formation, Volcano Peak Group, and Dunlap For
mation of the Paradise terrane southeast of the Reno quad
rangle. The Pine Nut rocks, however, differ in being more 
basinal, much more volcanogenic, and in having a distinct 
tectonic history. 

Several small isolated, distinctive exposures along the 
southwestern margin of the Jungo terrane are not assign
able to any of the more extensive terranes represented in 
the Reno quadrangle. Marble Butte and another smaller 
nearby outcrop near Pyramid Lake in the northwestern 
part of the Reno quadrangle consist of a large volume of 
complexly deformed marbles whose protoliths possibly in
clude evaporitic and eogenetic-secondary dolostone in ad
dition to the more prevalent limestone. Besides the 
suggestion that these rocks were originally a carbonate se
quence of unusual thickness and composition, their defor
mational history is more complex than that of nearby 
outcrops of the Jungo terrane and unassigned metavolcanic 
rocks. Lacking an obvious correlation with known lower 
Mesozoic successions, the Marble Butte rocks could be of 
late Paleozoic age and could represent the Black Rock ter
rane that forms the northwestern pre-Tertiary exposures in 
Nevada north of the Reno quadrangle (fig. 6, unit mb). 

Another relatively small but distinctive unit is the 
Mountain Well sequence (MW, fig. 6), which is faulted 
against the Jungo terrane where it is juxtaposed on the 
Sand Springs terrane in the southern Stillwater Range. The 
undated, stratigraphically coherent Mountain Well se
quence consists of metamorphosed dacitic lava flows and 
breccia, turbiditic orthoquartzite and pelite, and andesitic 
rocks. This compositional association is unlike any of 
those known in nearby terranes but suggests a Jurassic 
age. 
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The Mesozoic tectonic history of the terranes in the 
Reno quadrangle can be characterized as the structural 
collapse and imbrication of an early Mesozoic back-arc 
basin (Oldow, 1984). Structural juxtaposition of the vari
ous pre-Tertiary terranes and smaller allochthonous blocks 
resulted from strike-slip and thrust-fault displacements be
tween terranes and from large-scale tectonic shortening on 
imbricate thrust systems within certain terranes such as the 
Sand Springs and Paradise terranes. 

Triassic through Lower Jurassic rocks of the Pine Nut 
terrane underwent coaxial folding about northwest-trending 
axes prior to and during emplacement of 169- to 1 66-Ma 
granitic plutons (Dilles and Wright, 1988). An important, 
but unexposed transpressional fault-the Pine Nut fault 
(fig. 6)-was proposed by Oldow (1984) to extend into the 
Reno quadrangle and to bound the Pine Nut terrane on the 
east. Compared with that of the Pine Nut terrane, the struc
tural history of Mesozoic rocks in terranes east of the Pine 
Nut fault is more complex and relates to the so-called 
Luning-Fencemaker thrust system (Oldow, 1984). In the 
Luning-Fencemaker thrust belt northwest-trending contrac
tional structures of probable Cretaceous age are superim
posed on northeast-trending folds and thrusts that resulted 
from large-scale Jurassic to Early Cretaceous northwest
southeast shortening of hundreds of kilometers. Rocks of 
the Sand Springs terrane underwent still earlier Middle Ju
rassic ductile deformation, possibly related to that of the 
Pine Nut terrane (Satterfield and Oldow, 1989). The Mar
ble Butte rocks also appear to have been foliated prior to 
the initial phase of Luning-Fencemaker deformation. The 
outcrop pattern of juxtaposed, stratigraphically and struc
turally disparate, pre-Tertiary terranes in the Reno quadran
gle thus resulted from polyphase tectonic transport both 
subparallel and perpendicular to the early Mesozoic conti
nental margin. The greatest compositional contrast between 
tectonically juxtaposed pre-Tertiary rocks is present 
between the mainly terrigenous-clastic rocks of the Jungo 
terrane and the mostly volcanogenic, but partly correlative, 
rocks in terranes farther southwest as determined from 
exposed rocks. This boundary, although complicated by 
younger Mesozoic and Cenozoic structures, may have been 
a large-scale left-slip fault related to middle Mesozoic 
northwest-southeast contraction and thus originally an im
portant high-angle discontinuity within the crust. 

Pre-Tertiary metasedimentary and metavolcanic rocks 
serve as host rocks for many types of mineral deposits in 
the Reno quadrangle. Carbonate-bearing strata, which 
serve as host rocks for tungsten, copper, and iron skarn 
and polymetallic replacement deposits, are the most im
portant pre-Tertiary metamorphic units in the Reno quad
rangle. Carbonate rocks are relatively abundant in the 
Paradise, Sand Springs, and Pine Nut terranes, in shale 
and limestone of the Jungo terrane, and in the Marble 
Butte rocks (fig. 6). Carbonate strata are sparse to absent 

in undifferentiated metavolcanic rocks, the Mountain Well 
sequence, and gabbroic rocks of the Jungo terrane (fig. 6), 
and these units contain relatively few mineral deposits 

Mesozoic Plutonic Rocks 

Mesozoic plutonic rocks in the Reno quadrangle can 
be divided into three groups on the basis of age and com
position (fig. 7). These are: (1) Middle Jurassic granitoids 
and related volcanic arc rocks (Yerington and Shamrock 
batholiths), (2) Middle Jurassic mafic plutonic rocks and 
cogenetic volcanic rocks (Humboldt complex), and (3) 
Late Cretaceous granitoids (Sierra Nevada batholith and 
related rocks). Characteristic features of these groups of 
plutonic rocks are described in the following sections. 

Middle Jurassic Arc-Related Rocks 

Middle Jurassic plutonic rocks crop out in the south
em part of the quadrangle in the Pine Nut Mountains, the 
Buckskin, Singatse, and Wassuk Ranges, and possibly in 
the Calico Hills (fig. 7). Other exposures of Jurassic(?) 
granitic rocks consist of a small altered granitic pluton on 
the east side of Copper Valley along the north-central edge 
of the quadrangle, a composite pluton on Fireball Ridge, a 
small dioritic pluton at the north end of the Hot Springs 
Mountains, and several small exposures of granodiorite 
and diorite near the Dayton iron deposit and the Iron Blos
som Prospect about 15 km northeast of Dayton (fig. 7 and 
pl. 1 ). The large exposures of Jurassic granitic rocks in the 
southern part of the Reno quadrangle are the northern part 
of a Middle Jurassic (from about 172 to 165 Ma) island
arc sequence that is extensively exposed farther south in 
the adjacent Walker Lake quadrangle and well described 
by Dilles ( 1984, 1987), Dilles and Wright ( 1988), and 
Proffett and Dilles (1984). Several Jurassic plutons are ex
posed in the Reno quadrangle including parts of the Yer
ington and Shamrock batholiths, the Sunrise Pass pluton, 
and numerous hypabyssal porphyry intrusions related to 
the volcanic rocks of Fulstone Spring (Castor, 1972; Hud
son and Oriel, 1979; Dilles and Wright, 1988; J.H. Stew
art, unpub. mapping, 1989). Volcanic rocks cogenetic with 
the Yerington and Shamrock batholiths are also preserved 
locally in the Buckskin Range and Pine Nut Mountains 
(Dilles and Wright, 1988). The Jurassic plutonic and vol
canic rocks constitute remnants of island arcs that were 
formed along the western margin of North America (Dilles 
and Wright, 1988). 

Jurassic plutonic rocks in the Reno quadrangle range 
in composition from diorite to granite, although the largest 
exposures are primarily granodiorite and granite (Dilles, 
1987) using the I.U.G.S. classification (Streckeisen, 1976). 
Silica contents vary from about 56 to 70 weight percent 
Si02 and most rocks contain 60 to 68 weight percent 
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Si02. The Jurassic igneous rocks constitute a high-K calc
alkaline series typical of island arcs (fig. 8A; Dilles, 1987). 
Textures of the plutonic rocks vary from medium-grained, 
coarsely porphyritic to porphyroaphanitic. Most of the di
orite bodies and the Yerington batholith are fine-grained, 
equigranular rocks. Both the Shamrock batholith and the 
Sunrise Pass pluton have multiple intrusive phases includ
ing porphyritic phases that contain scattered potassium 
feldspar megacrysts. Exposures of the volcanic rocks of 
Fulstone Spring (Castor, 1972; Dilles and Wright, 1988) in 
the Reno quadrangle are primarily hypabyssal porphyry 
intrusions. High-salinity (halite-bearing) fluid inclusions 
are ubiquitous in igneous quartz crystals in the Jurassic 
granitoids; their presence suggests the plutons were em
placed at relatively shallow depths (s5 km; see John, 
1989). 

Hydrothermal alteration of the Jurassic granitoids is 
widespread and locally pervasive. Several types of alter
ation are present including clinopyroxene, actinolite, bi
otite, and local sodic-calcic alteration assemblages that 
contain various hydrothermal minerals including combina
tions of biotite, sodic plagioclase, sericite, clinopyroxene, 
actinolite, epidote, sphene, specular hematite, garnet, and 
scapolite (Carten, 1986; Battles and Barton, 1989; Battles, 
1991; D.A. John, unpub. data, 1990). Large outcrops of 
pyroxene+epidote+specular hematite+garnet endoskarn are 
present in the Shamrock batholith at the south end of Min
eral Peak in the Pine Nut Mountains, and large areas of 
bleaching and clinopyroxene alteration are present in the 
Sunrise Pass pluton at the north end of Mineral Peak. Por
phyry intrusions associated with the volcanic rocks of Ful
stone Spring are commonly intensely biotitized or 
epidotized. Bleached selvages (albitic(?) alteration of pla-
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PN Pine Nut terrane-Query denotes uncertain terrane assignment 
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PD Paradise terrane 

MW Mountain Wells sequence 

Jungo terrane-Divided into: 

Shale and limestone 

Gabbroic complexes-Includes mafic volcanic rocks 

Marble Butte rocks 

mv Metavolcanic rocks, undivided 

Boundary of terrane or rock unit-Approximately located 

? Uncertain terrane assignment 

Figure 6. Continued. 

gioclase) around epidote±pyroxene±actinolite veins are 
common throughout much of the Shamrock batholith and 
the Sunrise Pass pluton. Hydrothermal alteration of the Ju
rassic granitoids sharply contrasts with hydrothermal alter
ation of Cretaceous and Tertiary granitoids in the 
quadrangle, which generally lack sodic-calcic, clinopyrox
ene, and actinolite alteration assemblages. 

Ore deposits associated with the Jurassic granitic 
rocks include two porphyry copper systems in the Yering
ton batholith dt the north end of the Singatse Range (Mac
Arthur deposit and Bear and Lagamarsino Prospects), iron 
skarn in the Buckskin Range (Minnesota Iron Mine), and 
iron-copper skarn in the Calico Hills (pl. 1 ). Two other 
porphyry copper deposits related to the Yerington batholith 
are present just south of the Reno quadrangle in the Yer
ington Mining District (Yerington and Ann Mason depos
its). Copper skarns are also associated with the Yerington 
batholith, although all known copper skarn deposits are 
present south of the Reno quadrangle. Iron skarns at the 
Dayton iron deposit and the Iron Blossom Prospect are as
sociated with a Jurassic(?) granodiorite pluton (Roylance, 
1966). Copper skarns at the Copper Queen and Hard-to
Find Mines are associated with an altered Jurassic(?) plu
ton (Copper Valley pluton) along the north-central edge of 
the quadrangle, and weak porphyry copper-type alteration 
and copper skarns are associated with a composite Juras
sic(?) pluton on Fireball Ridge (Harlan, 1984 ). 

Middle Jurassic Mafic Igneous Rocks 

Middle Jurassic (165-150 Ma) mafic plutonic and 
volcanic rocks crop out in the Stillwater and West Hum
boldt Ranges in the northeastern corner of Reno quadran
gle (unit J02, fig. 6). They form the southern part of the 
Humboldt complex, a layered mafic intrusive complex, 
and locally preserved cogenetic mafic volcanic rocks. The 
igneous rocks primarily consist of gabbroic intrusive 
rocks and overlying basaltic rocks (Speed, 1976). The 
origin of the Humboldt complex and the tectonic envi
ronment of its emplacement are not clearly understood 
(see the "Pre-Tertiary Metavolcanic and Metasedimentary 
Rocks" section). 

Large areas of the western part of the Humboldt com
plex have undergone intense hydrothermal alteration re
sulting in scapolite- and albite-rich assemblages, notably 
in the Buena Vista Hills (Speed, 1976). The scapolite-rich 
zones locally contain iron deposits that are present as 
magnetite and hematite veins and breccia zones and as re
placements of scapolite-altered rocks (Reeves and Kral, 
1955; Willden and Speed, 1974). Copper and nickel in 
veins that fill fractures and faults are also present in and 
along the margins of the Humboldt complex in the Table 
Mountain Mining District east of the Reno quadrangle 
(Willden and Speed, 1974). 
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Cretaceous Granitoids 

Cretaceous (approximately 125 to 80 Ma) granitic 
plutons are widely distributed in the Reno quadrangle, par
ticularly in the western part where they form much of the 
Carson Range and much of the pre-Tertiary bedrock north 
and northwest of Reno (fig. 7) and constitute the eastern 
edge of the Sierra Nevada batholith. Other large exposures 
of Cretaceous granitic rocks (fig. 7) are present in the 
Sand Springs and southern Stillwater Ranges, Slate Moun
tain, the Truckee Range east of Pyramid Lake, and along 
U.S. Highway 50 between Dayton and Silver Springs. 

The Cretaceous granitoids are generally medium- to 
coarse-grained biotite-hornblende granite and granodiorite. 
Silica contents range from about 59 to 77 weight percent 
Si02 with most between 62 to 72 percent; they tend to be 
more silica rich than the Jurassic granitic plutons. Potassi
um and zirconium contents are notably lower and alumi
num content is generally higher than for the Jurassic 
granitic rocks (fig. 8). Coarsely porphyritic textures are 
common, whereas porphyry phases are uncommon. In 
contrast to Jurassic and Tertiary plutonic rocks, coeval vol
canic rocks are absent near the Cretaceous plutons; their 
absence suggests deeper parts of the Cretaceous plutons 
are exposed than either the Jurassic or Tertiary plutonic 
rocks. That deeper parts of the Cretaceous plutons are ex
posed is also suggested by their generally coarser grained, 
more equigranular textures, the absence of high-salinity 
fluid inclusions, which are ubiquitous in the Jurassic gra
nitic plutons (see John, 1989), and the abundance of tung
sten skarns associated with them (see Newberry and 
Einaudi, 1981 ). 

There generally is little hydrothermal alteration evi
dent in exposures of Cretaceous granitic plutons. Weak 
deuteric or propylitic alteration, manifested by partial 
chloritization of mafic minerals and weak sericite or clay 
alteration of feldspars, is widespread but generally not 
strongly developed. Several areas, notably parts of the La 
Plata Canyon pluton in the southern Stillwater Range and 
a pluton in the central Sand Springs Range, contain stock
work quartz+pyrite+sericite±fluorite veins that resemble 
alteration associated with low-fluorine (quartz monzonite
type) porphyry molybdenum deposits. 

Most mineral deposits associated with Cretaceous plu
tons are tungsten skarns, including the Nevada Scheelite 
deposit at the south end of the Sand Springs Range and the 
St. Anthony Mine in the Toy District. The tungsten skarn 
deposits are contained in Triassic and Jurassic carbonate 
rocks near contacts with Cretaceous granitoids. Polymetal
lic vein and simple antimony deposits are locally present in 
the plutons. In addition, K-Ar dating of muscovite thought 
to be genetically associated with the sediment-hosted gold 
deposit at Fondaway Canyon suggests that this deposit 
formed during the Late Cretaceous and is possibly related 
to an unexposed Cretaceous pluton (Russell and others, 
1989; P.G. Vikre, oral commun., 1990). 

Cenozoic Volcanic, Intrusive, and Sedimentary 
Rocks 

A complex sequence of Cenozoic volcanic, shallow 
intrusive, and sedimentary rocks rests unconformably on 
Mesozoic granitic and metamorphic rocks in the quadran
gle. Locally the basal part of this sequence is a thin veneer 
of undated sandstone and conglomerate. In the Yerington 
area, these deposits are as thick as 120m in a large paleo
valley (Proffett and Proffett, 1976) cut into Mesozoic 
rocks. These undated clastic deposits conceivably could be 
early Tertiary in age although a more likely interpretation 
is that they are only slightly older than overlying ash-flow 
tuffs, which regionally are as old as 31 Ma. Thus, the hia
tus in the rock record at the Mesozoic-Cenozoic unconform
ity may range from the Late Cretaceous to the middle 
Tertiary. 

The Cenozoic rocks in the Reno quadrangle can be 
assigned to three main lithologic-tectonic assemblages that 
have been distinguished over a large part of the Western 
United States (Cox and others, 1990; Christiansen and 
Yeats, in press). These assemblages are (l) an interior 
andesite-rhyolite assemblage consisting of silicic ash-flow 
tuffs and local lava flows and shallow intrusions of inter
mediate to rhyolitic composition (31 to 20 Ma), (2) a 
western andesite assemblage consisting of andesitic and 
dacitic lava flows (20 to 12 Ma) that is a part of early 
magmatic-arc volcanism associated with the Cascade vol
canic belt, and (3) a bimodal basalt-rhyolite assemblage 
and associated sedimentary rocks (16 Ma to present day) 
related to extensional tectonic events. 

Interior Andesite-Rhyolite Assemblage (31-20 Ma) 

Rocks of the interior andesite-rhyolite assemblage in 
the Reno quadrangle consist of widespread silicic ash-flow 
tuffs and related rocks. In the Great Basin region of Nevada 
and Utah, this assemblage consists mostly of voluminous 
ash-flow tuffs formed during a south to southwestward 
sweep of volcanism (Best and others, 1989). Various hy
potheses have been proposed to account for widespread 
andesite-rhyolite assemblage rocks in western North Amer
ica. One hypothesis is that volcanism resulted from a shal
low-dipping subduction zone (Snyder and others, 1976) or 
subparallel imbricate subduction zones (Lipman and others, 
1971) that extended far inland beneath the North American 
lithospheric plate and initiated volcanism over a broad in
land region. Coney and Reynolds (1977) and Coney (1987) 
emphasized a slowdown in convergence rates between the 
North American and Farallon Plates at about 40 Ma that 
caused steepening of a shallow-dipping crustal slab, relax
ation of compressive stresses, and related extension and 
volcanism. Wernicke and others (1987) indicated that 
stresses inherent in the North American Plate rather than 
plate interactive forces may have been controlling factors in 
the tectonomagmatic evolution of this volcanism. They 
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hypothesized that extension is localized in areas that were 
overthickened by previous crustal shortening, and that vol
canism followed shortly after extension. Gans and others 
(1989) also related volcanism and extension, but they hy-

7~~~--~~--~~--~~---~r-~lr--lr-~lr-~1---lr-~--~1~~ 

• 
6r- 0 

pothesized that magmatism and associated extension was 
related to a flux of mantle-derived basalt into the crust. 

In the northwestern part of the Reno quadrangle, silicic 
ash-flow tuffs and related volcanic rocks of the interior an-
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(1977), Lee (1984), M.L. Silberman (written commun., 
1990), and john (1992). A, Si02 versus K20. B, Si02 versus 
Zr. C, Si02 versus Al 20i(Ca0+Na20+K20) (mole percent). 
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num systems from Westra and Keith (1981) (calc-alkaline 
type) and Mutschler and others (1981) (quartz monzonite 
type). 
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desite-rhyolite assemblage (unit Tt, fig. 9) are present ex
tensively in the Seven Lakes Mountain, Dogskin Mountain, 
Virginia Mountains, and Pah Rah Range (Deino, 1985; 
Bonham 1969; H.F. Bonham and L.J. Garside, oral com
mun., 1990). In the southwestern part of the quadrangle, 
they are present in the Virginia Range and Pine Nut Moun
tains, north and east respectively of Carson City, and in the 
Buckskin and Singatse Ranges (Proffett and Proffett, 1976; 
Bingler, 1978). In the northeastern part of the quadrangle, 
they are exposed in the Stillwater Range, Louderback 
Mountains, and Clan Alpine Mountains (Willden and 
Speed, 1974; Hudson and Geissman, 1987; John and Mc
Kee, 1991; John, in press; Hardyman and others, 1988). In 
the southeastern part of the quadrangle, they are exposed in 
the Terrill Mountains, Fairview Peak area, and in the east
ernmost part of the quadrangle (Willden and Speed, 1974). 

The main part of the silicic ash-flow tuff unit consists 
of a sequence of rhyolitic to dacitic tuffs that are locally at 
least 800 m thick. Sequences in individual areas generally 
consist of 5 to 10 individual ash flows that can be distin
guished in the field by their different phenocryst contents. 
Individual ash flows typically show vertical zonation from 
vitrophyric basal parts to devitrified upper parts, common
ly with vapor-phase alteration in the uppermost part. In the 
western and central parts of the quadrangle, the ash-flow 
tuffs are mainly outflow sheets that erupted from unknown 
vents and covered large areas; for example, the Nine Hill 
Tuff covered as much as 16,000 km2 (Deino, 1985). In the 
eastern part of the quadrangle, ash-flow tuffs are present 
both as relatively thin outflow sheets (Hudson and Geiss
man, 1987) and intracaldera accumulations as thick as 3 
km such as in the southern Stillwater Range (John and 
McKee, 1991; John, in press) and in the Clan Alpine 
Mountains along and east of the east border of the quad
rangle (Hardyman and others, 1988). The ages of these 
ash-flow tuff sequences where they are most well studied 
range from about 31 to 23 Ma in the Seven Lakes Moun
tain area (Deino, 1985), from about 28 to 22 Ma near Car
son City (Bingler, 1978), from about 28 to 24 Ma in the 
Yerington area (Proffett and Proffett, 1976), and from 
about 28 to 24 Main the southern Stillwater Range (John 
and McKee, 1991; John, in press). 

Andesitic and dacitic lava flows, or lava flows and 
plugs of intermediate or silicic composition, are locally in
terstratified with, or intruded into, the ash-flow tuffs. 
These rocks are fairly widespread in the northeastern Ter
rill Mountains (Willden and Speed, 1974), southern Still
water Range (John and McKee, 1991; John, in press), and 
in the southeasternmost part of the quadrangle (Willden 
and Speed, 1974). 

Western Andesite Assemblage (20 to 12 Ma) 

Andesitic and dacitic lava flows and related rocks of 
the western andesite assemblage are thick and widespread 

in a west-northwest-trending belt of outcrops across the 
southern part of the Reno quadrangle (fig. 10). These 
rocks are a part of an elongate north-south trending belt of 
magmatic-arc rocks in the western United States related to 
the early development of the Cascade magmatic arc. The 
rocks of the Cascade Arc are interpreted to have resulted 
from volcanism along a steeply dipping subduction zone 
(Coney, 1987). Subduction-related andesitic and dacitic 
volcanism of the western andesite assemblage was cut off 
progressively northward as the western margin of North 
America was converted to a transform boundary by the 
initiation of the Mendocino triple junction, its northward 
migration, and the development of the San Andreas Fault 
(Snyder and others, 1976). In the Reno quadrangle, this 
cut-off of subduction-related andesitic-dacitic volcanism 
took place at approximately 12 Ma. 

Andesitic and dacitic rocks of the western andesite 
assemblage in the Reno quadrangle consist of the thick, 
widespread Alta and Kate Peak Formations in the western 
part of the quadrangle, the andesite of Lincoln Flat in the 
Singatse Range in the south-central part of the quadrangle, 
an unnamed widespread andesite unit in the Cocoon 
Mountains and adjacent areas in the southeastern part of 
the quadrangle, and local andesitic units elsewhere. 

The Alta Formation in the Peavine Peak area, Virginia 
Range, and northern Pine Nut Mountains consists of a lo
cally thick sequence of hornblende or pyroxene andesite, 
trachyte, and basalt lavas, flow breccias, and laharic brec
cias and pyroclastic rocks. The formation is commonly 
propylitically altered, and north of Reno and in the Virgin
ia Range it contains abundant quartz-alunite ledges (Bell 
and Bonham, 1987; Vikre, 1989). The Alta Formation is 
reported to be 820 m thick in the Virginia City area of the 
Virginia Range (Calkins, 1944, p. 12), but it thins marked
ly in all directions away from there (Bonham, 1969). The 
Alta Formation contains a unit of volcaniclastic sedimen
tary rocks (Sutro Member) in the Virginia City area in the 
southwestern part of the Virginia Range (Thompson and 
White, 1964 ). The rocks of the Alta Formation range in 
age from about 20 to 16 Ma (Silberman and McKee, 
1972; Vikre and McKee, 1987). 

The Kate Peak Formation conformably overlies, and 
may locally interfinger with, the Alta Formation in the 
western part of the Virginia Range and in the northern 
Pine Nut Mountains (Thompson and White, 1964; J.H. 
Stewart, unpub. mapping, 1986-87). In the eastern part of 
Virginia Range and in Pah Rah Range it apparently con
formably overlies the Pyramid sequence of Bonham 
(1969), and in the northern Carson Range it unconform
ably overlies Mesozoic granitic rocks in most places. 

The Kate Peak Formation is a distinctive dacite with 
abundant large (3-5 mm) plagioclase phenocrysts, minor 
amounts of pyroxene or hornblende, and rare amounts of 
biotite. Although much of the formation is dacitic, compo
sitions of its volcanic rocks range from andesite to rhyolite. 
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The dacite is present as lava flows, flow and laharic brec
cias, and intrusions. In much of the Carson Range, Virginia 
Range, and Pine Nut Mountains, it is composed of an as
semblage of flow domes; large composite volcanoes may 
have been present near Virginia City, Como, and Ramsey 
as indicated by the presence of these intrusions (fig. 1 0). 
The Kate Peak Formation is compositionally similar (White
bread, 1976) to the Alta Formation, although it is some
what more silicic. The Kate Peak Formation contains 
sedimentary sequences as thick as 900 m of shale, silt
stone, and volcaniclastic sandstone and conglomerate in 
the eastern Virginia Range, which were included in the 
Desert Peak Formation by Rose ( 1969), and it contains a 
thinner sequence of sedimentary rocks in the northern Pine 
Nut Mountains (J.H. Stewart, unpub. mapping, 1987-1988) 

The andesite of Lincoln Flat consists of hornblende
bearing andesite and dacite lava flows, flow breccia, and 
lahars separated from an underlying thick sequence of ash
flow tuffs by an erosional unconformity. The andesite of 
Lincoln Flat is reported to be as much as 1,500 m thick in 
the Yerington area (Proffett and Proffett, 1976) 

A moderately widespread unit of andesite is present 
below a capping basalt in the Cocoon Mountains and adja
cent areas in the southeastern part of the Reno quadrangle. 
Little is known of this unit except that it has been dated at 
18.1 Ma (Willden and Speed, 1974; converted to new con
stants using Dalrymple, 1979). Andesitic and dacitic lavas 
approximately 15 Ma are also present below a capping ba
salt in the southern Stillwater Range (John and McKee, 
1991; John, in press). 

Bimodal Basalt-Rhyolite Assemblage and Associated 
Sedimentary Rocks (16 Ma to Present Day) 

Rocks of the bimodal basalt-rhyolite assemblage and 
associated sedimentary rocks are widely distributed in the 
Reno quadrangle (fig. 11 ). This assemblage has been inter
preted (Christiansen and Lipman, 1972; Noble, 1972) to 
be related to regional extension in the Basin and Range 
Province that allowed deep basaltic magmas to be tapped 
and rhyolitic magmas to be produced by local melting of 
crustal rocks. The extension also produced fault-bounded 
sedimentary basins that initially may have extended over 

Tt 

EXPLANATION 

Ash-flow tuffs (Miocene and Oligocene) 

Andesite and dacite lava flows (Miocene and Oligocene) 

Rhyolitic flows, domes, and shallow intrusive rocks (Miocene and 
Oligocene) 

Granitic rocks (Miocene and Oligocene) 

Contact 

Figure 9. Continued 

large parts of the Reno quadrangle and have been over
printed by more restricted basins related to present-day 
basin-and-range structure. The cause of widespread exten
sion in the Basin and Range Province has been interpreted 
in the following ways: (1) oblique extensional fragmenta
tion in a broad region of right-lateral movement related to 
differential motion between the North American and Pacif
ic Plates (Atwater, 1970), (2) back-arc extension (Scholz 
and others, 1971), and (3) extension related to crustal 
overthickening and thermal heating by igneous activity 
(Wernicke and others, 1987). The eruption of the bimodal 
basalt-rhyolite assemblage in the Renq quadrangle in part 
overlaps in tiine the eruption of volcanic rocks of the sub
duction-produced magmatic-arc rocks of the western 
andesite belt; this relation indicates that subduction-related 
and extension-related volcanism are partly coeval in the 
quadrangle. 

Rocks of the bimodal basalt-rhyolite assemblage in 
the quadrangle have been divided into many regional and 
local units. Bonham (1969) proposed the informal name 
"Pyramid sequence" for the oldest rocks of this assem
blage and applied this term to rocks widely exposed in 
southern Washoe and Storey Counties. The term is also 
applied to rocks in Churchill County (Greene and others, 
1991). The Pyramid sequence is a widespread unit as thick 
as 1,000 m of basalt, basaltic andesite, and andesite lava 
flows, flow breccias, and mudflow breccias and associated 
sedimentary rocks. Rhyolite lava flows, flow breccias, 
tuffs, domes, and shallow intrusive rocks are locally 
present within this sequence. The Pyramid sequence in 
Truckee River canyon underlies the Kate Peak Formation 
of the western andesite assemblage, but isotopic ages of 
16 to 14 Ma on the Pyramid sequence in part overlap the 
15- to 12-Ma age of the Kate Peak Formation and indicate 
that the two units are partly coeval. 

Volcanic rocks of the bimodal basalt-rhyolite assem
blage that overlie the Kate Peak Formation, and locally are 
coeval with the Kate Peak Formation, consist of basalt, 
basaltic andesite, andesite, and localized rhyolite. These 
rocks cover large areas of the west-central, north-central, 
south-central, southeastern, and northeasternmost parts of 
the quadrangle (fig. 11). The basalt, basaltic andesite, and 
andesite flows generally dip gently and commonly form 
widespread flat-topped plateaus or mesas. Rhyolitic lava 
flows, domes, and shallow intrusive rocks are associated 
with the basalt, basaltic andesite, and andesite, and they 
are most abundant in a zone extending south-southeast
ward from the Virginia Range east of Reno into the east
central part of the quadrangle (fig. 11 ). These rhyolites are 
part of the Lahontan Reservoir and Desert Mountains 
Structural and Volcanic Zones (figs. 11 and 12) described 
in the "Cenozoic Structures" section. Most rocks of the 
bimodal basalt-rhyolite assemblage range in age from 
about 14 Ma to 6 Ma. Volcanic rocks younger than 6 Ma 
(units QTb, QTr, fig. 11) consist of local basalt flows, 
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cinder cones, and maars and rhyolitic lava flows and 
domes. Volcanic rocks younger than 6 Ma are present in a 
east-northeast-trending zone from the Virginia Range on 
the west to the Carson Sink on the east (fig. II). 

Lacustrine and fluvial sedimentary deposits ranging in 
age from 16 to 6 Ma are widespread in the quadrangle. 
They are interstratified with volcanic rocks of the Pyramid 
sequence and younger basalt and basaltic andesite of the 
bimodal basalt-rhyolite assemblage, as well as with the 
Kate Peak Formation. Some individual sedimentary units 
that are part of the bimodal basalt-rhyolite assemblage in 
one area appear to extend into other areas where they are 
part of the western andesite assemblage. Sedimentary 
rocks younger than 6 Ma consist mostly of alluvial valley 
fill that is generally thin (<1 km) in areas west of a line 
(the eastern limit of the Walker Lane Belt) extending from 
Pyramid Lake in the northern part of the quadrangle 
southeastward through Rawhide in the southern part of the 
quadrangle (fig. 1). Northeast of this line, upper Cenozoic 
alluvial deposits ( <6 Ma?) are locally thick and at least 2 
km thick in Carson Sink (Hastings, I979) and Dixie Val
ley (Anderson and others, 1983). 

Tertiary Granitic Plutons 

Tertiary granitic plutons are widely scattered in the 
Reno quadrangle cropping out in the Stillwater and Virgin
ia Ranges, on the southwest side of Pyramid Lake, on Pea
vine Peak, and at Chalk Mountain and Westgate (fig. 7). 
The largest Tertiary granitic plutons are in the Stillwater 
Range and include the IXL and White Cloud Canyon plu
tons. Other Tertiary granitic plutons include the Davidson 
Granodiorite near Virginia City, the Guanomi stock on the 
southwest edge of Pyramid Lake, small diorite bodies in 
the Peavine Mining District, granitic dikes in the Oling
house Mining District, and granitic rocks exposed at Chalk 
Mountain. Most Tertiary granitic plutons are present in 
deeply eroded volcanic piles; the IXL pluton represents 

EXPLANATION 

Tk Kate Peak Formation and related rocks, undivided ( 15 to 12 Ma, 
Miocene) 

Ta2 Andesite and dacite lava flows (20 to 12 Ma. Miocene) 

Ti Hypabyssal intrusive rocks (20 to 12 Ma, Miocene) 

Tgr2 Granitic rocks (20 to 12 Ma, Miocene) 

Tal Alta Formation and related rocks, undivided (20 to 16 Ma. 
Miocene) 

Tlf Andesite of Lincoln Flat ( 19 to 14 Ma, Miocene) 

Contact 

Volcanic center 

Figure 10. Continued 

the roots of a tilted caldera complex (John and McKee, 
199I; John, in press) and the Davidson Granodiorite prob
ably represents the roots of a stratovolcano (Vikre, I989). 
Tertiary granitic plutons are metaluminous and have silica 
contents ranging from 55 to 77 weight percent Si02. Po
tassium content is slightly lower than the Jurassic plutons 
and notably higher than Cretaceous plutons (fig. 8A). 

Strong hydrothermal alteration and base- and pre
cious-metal mineralization are commonly associated with 
Tertiary granitic plutons. Sericitic alteration and stockwork 
quartz veins containing low-grade copper and molybde
num values are present in the Guanomi stock and repre
sent a porphyry copper-molybdenum system (Bonham, 
1969; Wallace, I975; Satkoski and Berg, I982). Large 
areas of advanced argillic, argillic, and sericitic alteration 
and gold mineralization are associated with Tertiary intru
sions in the Peavine and Wedekind Mining Districts 
(Bonham, 1969; Hudson, 1977), and copper-gold mineral
ization in Tertiary volcanic rocks in the Pyramid Mining 
District may be related a to granitic stock underlying the 
district (Wallace, I975). Gold-silver veins are associated 
with granitic dikes in the Olinghouse Mining District 
(Bonham, 1969; Geason, I980). Copper skams and poly
metallic veins are associated with Tertiary granitoids of 
the Stillwater Range in the Shady Run and IXL Mining 
Districts (Vanderburg, I940; Willden and Speed, I97 4 ). 
Polymetallic replacement and vein deposits at Chalk 
Mountain and Westgate are related to Tertiary granitic plu
tons (Bryan, I972). 

Cenozoic Structures 

The Cenozoic structural history of the Reno quadran
gle before 31 Ma is unknown, because Cenozoic rocks 
older than about 31 Ma are unrecognized in the quadran
gle. Presumably, the region was relatively high and under
going erosion during the early part of the Cenozoic. 

Cenozoic structures during of eruption of widespread 
ash-flow tuffs (3I to 20 Ma) of the interior andesite-rhyo
lite assemblage in the quadrangle consist of a few recog
nized calderas (fig. 9) and an area of large-scale extension 
in the southern Stillwater Range (fig. 12). Calderas (fig. 9) 
identified or interpreted to be in or near the Reno quadran
gle are (1) three calderas in the Stillwater Range (John and 
McKee, I99I; John, in press), (2) a caldera complex in the 
Clan Alpine Mountains along and directly east of the east 
border of the quadrangle (Hardyman and others, I988), (3) 
a problematic caldera in the area of thick tuff in the Fair
view Peak area, ( 4) an even more problematic caldera, or 
group of calderas, in an area of thick tuff in the southeast
em part of the quadrangle, (5) a caldera directly north of 
the north border of the quadrangle (Ragged Top caldera, 
Heggeness, 1982), and (6) a proposed caldera deeply bur
ied under alluvial fill somewhere in the Carson Sink area 
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(Best and others, 1989, fig. 7). The widespread distribution 
and fairly uniform thicknesses of individual ash flows in 
the western part of the quadrangle suggest that topograph
ic relief there was generally low, and as a corollary, there 
was probably very little tectonic activity during deposition 
of the ash-flow tuffs. In the southern Stillwater Range, 
however, intracaldera ash-flow tuffs (as young as about 24 
Ma) from three calderas were tilted to an almost vertical 
position before and during emplacement of 25- to-22 Ma 
rhyolite to dacite domes and dikes (John and McKee, 
1991; John, in press). The tilting is probably related to lo
cal large-scale east-west extension (John and McKee, 
1991; John, in press). 

Rocks of the western andesite assemblage (20 to 12 
Ma) were erupted from many small and probably a few 
large volcanic centers across the southern part of the quad
rangle. A large composite volcano is indicated in the 
Como area (fig. 1 0) by the large circular outcrop pattern of 
the Kate Peak Formation (fig. 1 0), a radial fault pattern in 
the eastern part of this outcrop area (Greene and others, 
1991), abundant small intrusions and hydrothermally al
tered areas in the presumed central part of the volcano, 
and a vaguely defined central vent area. Similar large vol
canic complexes may be present in the Virginia City (fig. 
10; Vikre, 1989) and Ramsey areas (fig. 10), where rocks 
of the western andesite assemblage are thick, highly al
tered, and cut by large hypabyssal intrusions. In the Ram
sey area, rocks of the western andesite assemblage are also 
characterized by a disrupted circular topographic pattern. 
However, dacite of the Kate Peak Formation in many 
areas outside of these volcanic centers appears to have 
been emplaced as many small flow domes. In addition, a 
large center of volcanic activity is present in a 10-km-di
ameter area near the Regent Mining District in the south
ernmost part of the Reno quadrangle and the northernmost 

EXPLANATION 

QTr Rhyolitic flows, domes, and shallow intrusive rocks 
(Quaternary and Tertiary, 6 Ma or less) 

QTb Basalt (Quaternary and Tertiary, 6 Ma or less) 

Tba Basalt, basaltic andesite, and andesite (Tertiary, 16 to 6 Ma) 

Tr Rhyolitic flows, domes, and shallow intrusive rocks 
(Tertiary, 16 to 6 Ma) 

Ts Sedimentary rocks (Tertiary, 16 to 6 Ma) 

Tp Pyramid sequence of Bonham (1969) (Tertiary, 14 to 16 
Ma) 

Tat Ash-flow tuff (Tertiary, 16 to 6 Ma) 

Contact 

Structural and volcanic zone 

Figure 11. Continued 

part of the adjacent Walker Lake 1 o by 2° quadrangle (fig. 
10; Ekren and Byers, 1986) 

Overlapping in part with the time of eruption of the 
western andesite assemblage, and continuing after eruption 
of these rocks, structural extension dominates the tectonic 
history of the Reno quadrangle. This extension probably 
began about 16 Ma judging from the age of the oldest 
widespread, presumably extension related, sedimentary de
posits in the quadrangle. Initially, east-west extension oc
curred in the southern part of the quadrangle from the 
Wassuk Range on the east to near Carson City on the west 
(fig. 12). This extension is characterized by closely spaced 
(1 to 2 km) normal faults that originally were steeply dip
ping but were subsequently rotated to a nearly horizontal 
position during continued extension (Proffett, 1977). The 
amount of extension is estimated to be more than 100 per
cent in the Yerington area and to have started during erup
tion of the andesite of Lincoln Flat ( 19 to 17 Ma). 
However, most of the extension probably took place after 
eruption of this unit but prior to eruption of 11- to 8-Ma 
basalts, and in areas farther west before eruption of the 
Kate Peak Formation (15 to 12 Ma). 

Numerous sedimentary basins developed in the Reno 
quadrangle from 16 to 6 Ma. At times basalt and basaltic 
andesite lava flows erupted onto and spread out across 
these basins. The detailed distribution of the sedimentary 
basins is not clearly understood, but some must have been 
large. The Pyramid sequence (16 to 14 Ma), for example, 
of basalt and andesite and minor amounts of sedimentary 
rocks is widespread in the western part of the quadrangle 
and appears to represent deposition across a broad plain 
with only local volcanoes or elevated areas. The wide
spread distribution of younger basalts and andesites (II to 
6 Ma) in the south-central part of the quadrangle suggests 
an equally widespread basin or plain. During the 16- to 6-
Ma time span, extension probably produced these wide
spread sedimentary basins but the amount of extension, 
based on the general low dips of rocks of this age, was 
much less than the large-scale extension and resulting 
stratal tilting that took place from 19 to II Ma in the Yer
ington area. However, local tilting of as much as 30° since 
the middle Miocene has been documented (Vikre, 1989). 

Starting perhaps about 6 Ma, the deformational style 
in the quadrangle changed and the present-day physiogra
phy began to develop. The time of initiation of this 
change, which may have been gradual, is difficult to deter
mine precisely; however, the age of the youngest wide
spread basalt flows appears to be about 6 Ma, and they 
have been extensively modified by faulting that at least 
locally is related to the development of the present-day ba
sins and ranges. The young faulting and basin develop
ment appears to have been overprinted on the older, more 
widespread basins; parts of older basins dropped to form 
the deepest parts of present-day basins, and other parts 
were uplifted to form segments of mountain blocks. The 
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young faulting has taken place mainly along widespread, 
generally north-south-trending, master faults (fig. 12) and 
many lesser faults, all related to the development of 
present-day basin-and-range topography. Direction of 
modem extension varies from approximately east-west 
along the south edge of the quadrangle in the Wassuk and 
Singatse Ranges and the Pine Nut Mountains to northwest 
in the Dixie Valley region (fig. 12; Zoback, 1989). 

Strike-slip faulting has been an important element in 
the late Cenozoic tectonic history of the Reno quadrangle. 
The western part of the quadrangle is part of the Walker 
Lane Belt (fig. 1), a northwest-trending structural zone 
about 700 km long and 100 to 300 km wide characterized 
by northwest-trending right-lateral faults and northeast
trending left-lateral faults (Stewart, 1988). In the Reno 
quadrangle, the Walker Lane Belt is characterized by 
northwest-trending right-lateral faults of the Warm Springs 
Valley and the Pyramid Lake Fault Zones (fig. 12); to the 
south, by the northeast-trending left-lateral, or presumed 
left-lateral, Olinghouse and Wabuska Faults and the Car
son Lineament (fig. 12; Stewart, 1988); and by unnamed 
right-lateral, or presumed right-lateral, faults in the south
ernmost part of the quadrangle (fig. 12). Bonham (1969) 
suggested a cumulative right-lateral displacement of 32 
km across the Warm Springs Valley, Pyramid Lake, and 
related faults in the northwestern part of the quadrangle on 
the basis of the apparent offset of the northern outcrop of 
upper Oligocene and lower Miocene ash-flow tuffs, al
though he indicates that this estimate is highly conjectural. 
Presumed historical movement on the Olinghouse Fault 
Zone is left-oblique slip (Sanders and Slemmons, 1979), 
but estimates of total left-slip on the Olinghouse Fault 
Zone, as well as the Carson Lineament, have not been 
made. Left-lateral offset of 4 km on the Wabuska Fault 
Zone is suggested by the apparent offset of Mesozoic 
metavolcanic rocks on the south side of the Desert Moun
tains. The timing of strike-slip movement in the Reno 
quadrangle is poorly understood, but movement may have 
occurred at various times throughout the late Cenozoic, as 
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determined by the age of Walker Lane structures in the 
Walker Lake 1 o by 2° quadrangle to the south (Ekren and 
Byers, 1984; Hardyman and Oldow, 1991). The youngest 
movement on these structures in the Reno quadrangle is 
Quaternary and some is historic (Bell, 1984; Bell and 
Katzer, 1990). 

Two unusual zones of east-southeast-trending faults 
and volcanic rocks are present in the south-central part of 
the Reno quadrangle. The northern zone (the Lahontan 
Reservoir Structural and Volcanic Zone, figs. 11 and 12) is 
well defined and characterized by a broad zone of east
southeast-trending faults, a concentration of rhyolitic lava 
flows and flow domes, and by an elongate east-southeast
trending distribution of basalt and andesite lava flows. The 
distribution of the basalt of the Lousetown Formation in 
the eastern Virginia Range (Rose, 1969) clearly shows this 
elongate east-southeast distribution, as does an unnamed 
hornblende andesite flow unit near Lahontan Reservoir 
(J.H. Stewart, unpub. mapping, 1987-88). The southern 
zone, the Desert Mountains Structural and Volcanic Zone, 
is less well defined but is characterized by east-southeast
trending faults and a concentration of rhyolitic lava flows 
and flow domes (figs. 11 and 12). Rhyolitic rocks within 
these two zones range in age from 14.4 to 8.3 Ma (E.H. 
McKee, written commun., 1988). The Lousetown Forma
tion is undated where it is present along the trend of the 
Lahontan Reservoir zone, but in the western Virginia 
Range the age of this formation is 9.7 to 6.9 Ma (Dalrym
ple and others, 1967; Silberman and McKee, 1972; Mor
ton and others, 1980; Fultz and others, 1984). The age of 
the unnamed hornblende andesite flow unit near Lahontan 
Reservoir is 6. 7 Ma (E. H. McKee, written commun., 
1988). Thus movement on faults in the Lahontan Reser
voir and Desert Mountains Structural and Volcanic Zones 
may have occurred from about 14.4 to 6.7 Ma, if emplace
ment of the volcanic rocks was coeval with movement on 
the faults. The type of movement along faults in these 
zones is unknown. 

Relation of Cenozoic Volcanism and Tectonism 
to Mineral Deposits 

Most mineral deposits formed during Cenozoic time 
in the Reno quadrangle consist either of epithermal pre
cious metal deposits associated with volcanic and hy
pabyssal intrusive rocks or base and precious metal 
deposits associated with granitic rocks. However, for most 
individual deposits, the relation between the regional vol
canic-tectonic setting and mineralization remains unclear. 

Volcanic-hosted epithermal gold-silver deposits are 
the most important metallic mineral deposits in the Reno 
quadrangle, as discussed in the section "Mineral Deposits 
of Tertiary Age." These deposits are present in numerous 
mining districts hosted primarily by the western andesite 
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and interior andesite-rhyolite assemblages, and a large 
number are hosted by the Kate Peak Formation (table 2). 
Deposits dated by K-Ar methods range in age from about 
23 to 6(?) Ma, although the ages of most deposits are be
tween about 16 to 10 Ma (table 2) and active hot-spring 
systems, such as Steamboat Springs, may be forming fu
ture epithermal deposits, as emphasized by White ( 1981 ). 
An unusually large percentage of the volcanic-hosted 
gold-silver deposits in Nevada are present in the Walker 
Lane Belt, as first noted by Silberman and others (1976), 
although the relation, if any, of Walker Lane tectonics to 
the genesis of precious-metal deposits remains ambiguous 
(John and others, 1989). Deposits in the Reno quadrangle 
do not appear to be structurally controlled by large faults 
of the Walker Lane Belt with the exception of deposits in 
the Olinghouse Mining District, which formed along the 
northeast-trending Olinghouse Fault (Bonham, 1969; 
Geasan, 1980). There is not an obvious relation between 
orientation of controlling structures and age of mineraliza
tion (table 2). There also does not appear to be a correla
tion between areas of early Miocene crustal extension and 
epithermal mineral deposits, a relation that has been noted 
farther south in the Walker Lane Belt (John and others, 
1989). In fact, areas in the Reno quadrangle where large
scale, pre-middle Miocene extension has been documented 
(fig. 12) are notably devoid of known epithermal deposits. 
Detailed structural studies of many mining districts have 
not been completed; thus the suggestion by Seedorff 
(1991) that virtually all Tertiary mineral deposits in the 
Great Basin are related to extension cannot be evaluated. 
Most epithermal deposits in the Reno quadrangle are spa
tially associated with hypabyssal intrusions and (or) volca
nic centers (table 2; figs. 9 and 10). However, the genetic 
relation of these intrusions to formation of mineral depos
its beyond acting as heat sources remains ambiguous (see 
Vikre, 1989). 

Cenozoic base- and precious-metal deposits are scat
tered across the Reno quadrangle. Known types of depos
its include copper skarn, polymetallic replacement, 
polymetallic vein, porphyry copper, and zinc-lead skarn(?). 
In addition, base metal-rich veins that were primarily 
mined for their precious metal content may represent the 
upper parts of large porphyry systems (for example, Pyra
mid Mining District, Wallace, 1975, 1979). Most of these 
base-metal deposits are associated with small granitic to 
dioritic stocks that are part of the interior andesite-rhyolite 
and western andesite assemblages and range in age from 
about 30 to 13 Ma. 

GEOCHEMICAL STUDIES 

Regional Stream-Sediment Geochemistry 

A regional geochemical study was conducted to aid in 
evaluating known as well as undiscovered mineral re-

sources of the Reno quadrangle. This regional study was 
conducted to identify and evaluate, at a relatively low 
cost, favorable geochemical provinces with respect to pos
sible mineral occurrences and provide some geochemical 
signatures of specific geologic and geophysical features. It 
was based on the reanalysis of stream-sediment samples 
initially collected as part of the NURE Program (Bennett, 
1980). The NURE Program was established in 1973 to as
sess uranium resources and identify favorable areas for de
tailed uranium exploration throughout the United States. 
The reanalysis of NURE samples from the Reno quadran
gle allowed the presence of certain elements to be deter
mined that were not included in the NURE study and also 
made it possible to corroborate the original NURE find
ings (Bennett, 1980). 

A total of 960 stream-sediment samples was collected 
for the NURE Program from March through June 1979. 
This sample medium provides a representative composite 
of the transported material of a stream or drainage basin; 
its composition is ideally dominated by the predominant 
geologic units bordering the drainage. The NURE sam
pling protocol called for gathering samples at a nominal 
density of one site per 18 km2. The sediment was dried in 
an oven at ::sllO °C, then sieved, and the fraction <149 fA111 
(-I 00 mesh) was blended and retained for analysis (Ben
nett, 1980). Comparison of chemical analyses of stream 
sediments can reveal changes in bedrock geology and 
geochemistry and indicate extensive areas of exposed 
mineralized rock. Analyses were carried out by the semi
quantitative emission spectrographic method described by 
Grimes and Marranzino ( 1968) and Motooka and Grimes 
(1976). In addition, samples were analyzed by more sensi
tive and precise techniques for specific elements of inter
est. These include gold, tellurium, and thallium by the 
atomic-absorption method of Hubert and Chao (1985); 
mercury using a modification of the methods of McNerney 
and others (1972) and Vaughn and McCarthy (1964); ar
senic, antimony, zinc, bismuth, and cadmium by the atom
ic-absorption technique of O'Leary and Viets (1986); 
fluorine by the specific ion method described by Hopkins 
(1977); and tungsten by the colorimetric method of 
Welsch ( 1983 ). Concise descriptions of the sampling 
methods and analytical techniques used, along with tabu
lated geochemical data and a sample locality map, are 
found in Kilburn and others (1990). 

Several areas contain geochemical anomalies that 
appear to delineate specific rock types or mark element 
enrichments typically associated with hydrothermal miner
alization in the Reno quadrangle (fig. 13). In most 
instances, however, the integrity of the sediment samples 
are clearly linked to factors, briefly related below, which 
render them suspect and any attempt to integrate them into 
a coherent regional geochemical picture would be inadvis
able and probably misleading. Factors that clouded the 
regional geochemical study include: (1) preferential gath-
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ering of samples along major thoroughfares (U.S. Inter
state 80 and other highways), secondary roads (State 
highways), active or abandoned railroads, and a host of 
dirt roads and jeep trails, which resulted in the detection 
of numerous geochemical anomalies mostly related to 
commerce or traffic associated with mining activity; (2) a 
sampling scheme that excluded critical areas (for example, 
large parts of the Pah Rah and Virginia Ranges) and min
ing regions such as the Fairview and Ramsey Mining Dis
tricts from the survey; and (3) the actual character of the 
quadrangle itself, encompassing 45 mining districts and 
literally hundreds of mines and prospects (Sidder, 1986; 
John and Sherlock, 1991), which collectively generate 
many geochemical anomalies that can effectively mask 
pertinent element concentrations and (or) their origins. 

With these caveats in mind, a prudent though limited 
overview regarding certain element enrichments is possi
ble. In some instances, geochemical anomalies coincide 

with mining districts, appear to characterize several unal
tered rock types, and possibly define two small areas 
showing trace-element signatures possibly linked to some 
previously undocumented mineralization. Of the 45 min
ing districts in the Reno quadrangle (fig. 4), only 16 seem 
to be associated with designated element anomalies deter
mined in the reanalyzed NURE samples (table 3). Of 
these, only the Mountain Wells, Comstock, and IXL Min
ing Districts have prominent geochemical signatures, and 
the lack of conspicuous geochemical anomalies in and 
around the other mining districts is perplexing. 

In the Reno quadrangle, both beryllium and the mafic 
suite of cobalt-chromium-nickel and, less consistently, 
zinc show a general affinity for particular rock types to 
which they are commonly associated. Most of the anoma
lous beryllium (2 to 20 ppm), for example, turns up near 
the east edge of the quadrangle along the western flank of 
the Clan Alpine Mountains and the southern part of the 
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Stillwater Range associated with Tertiary ash-flow tuffs 
(anomaly 22, fig. 13). Although beryllium is geochemical
ly compatible with rhyolitic rocks, this enrichment is 
present mostly within the confines of the U.S. Naval Elec
tronic Warfare Training Area and contamination from be
ryllium alloys used in explosives and other military 
hardware is a distinct possibility. In addition, beryllium 
anomalies were detected in small areas in the northwestern 
part of the quadrangle in Red Rock Valley and on the west 
side of the Truckee River below Virginia Peak and Pah 
Rah Mountain. The Red Rock Valley region (anomaly 17, 
fig. 13) is largely dominated by Mesozoic granitic rocks 
and, to a lesser extent, by Tertiary ash-flow tuffs and vol
canic rocks of the Pyramid sequence. Anomaly 10 (fig. 13) 
is present in or near a north-trending fault zone also in 
Tertiary ash-flow tuffs. Elements composing the mafic 
suite (cobalt-chromium-nickel±zinc) are individually scat
tered throughout the quadrangle with concentrated occur
rences mostly limited to the northwestern part of the 
quadrangle including the southeastern side of the Hot 
Springs Mountains (anomaly 20, fig. 13), the Pyramid 
Lake region (anomaly 18, fig. 13), and the area southwest 
of Spanish Springs Peak (anomaly 19, fig. 13). The anom
alies are associated with nearby Tertiary basalts and proba
bly are little more than chemical manifestations of these 
mafic units. 

With regard to undocumented mineralization, solitary 
but interesting geochemical anomalies were found on the 
eastern side of the Stillwater Range immediately north of 
the IXL Mining District and in the southwestern corner of 
the quadrangle between Lake Tahoe and Duane Bliss 
Peak in the Carson Range. Anomaly 21 (fig. 13), consist
ing of arsenic-silver-beryllium-nickel, is present near a 
fault zone in Triassic shale, sandstone, and siltstone. The 
trace-element signature though only containing some of 
the elements, is comparable to that of the Mottini Mine 
copper skarn deposit (arsenic-silver-tungsten-beryllium
cadmium-zinc-barium-nickel) several kilometers to the 
south. Anomaly 16 (fig. 13), consisting of arsenic-anti
mony-silver-molybdenum-lead-cadmium-zinc, is present in 
altered Tertiary andesitic rocks on the western flank of the 
Carson Range. Although both anomalies contain a 
geochemical signature consistent with hydrothermal min
eralization known to be present in the region, their origin 
is unclear. 

Geochemistry of Hydrothermally Altered Rocks 

About 800 rock samples from mines, prospects, and 
altered areas were chemically analyzed. Five groups of 
samples were collected and analyzed. These are (1) hydro
thermally altered rocks collected from areas of hydrother
mal alteration detected previously by remote sensing; (2) 
samples collected from dumps of mines and prospects pri-

marily in the eastern and southern parts of the quadrangle; 
(3) hydrothermally altered rocks collected during geologic 
mapping mostly in the southern Stillwater Range; (4) hy
drothermally altered granitic rocks and their wallrocks 
collected throughout most of the quadrangle except from 
the Sierra Nevada; and (5) rocks in and around the Hum
boldt complex. 

Samples were collected to help characterize the types 
of mineralization present in altered areas, mines, and 
prospects. In particular, the samples provide data on large 
areas of hydrothermal alteration that were not sampled 
systematically or detected by the regional stream-sediment 
samples and allow element characterization of minerals 
present in many small prospects where it was not obvious 
what commodities had been prospected. Samples from the 
Humboldt complex were collected to help evaluate the po
tential for platinum group elements (PGE). Samples from 
skams were collected to test for the presence of gold in 
addition to base metals. Results of the chemical analyses 
from several areas are described briefly in sections about 
"Mineral Deposits of Mesozoic Age" and "Mineral Depos
its of Tertiary Age." 

REMOTE-SENSING STUDIES 

The locations of hydrothermally altered rocks that 
were mapped from Landsat TM images and verified 
through field and laboratory evaluations are shown in fig
ure 14. The altered rocks constitute areas that range in size 
from one TM picture element (30m) to several square ki
lometers. The largest area encompasses the Peavine and 
Wedekind Mining Districts near the western margin of the 
quadrangle (A, fig. 14). The rocks are mainly limonitic, 
argillized Tertiary andesitic rocks and granodiorite porphy
ry and Mesozoic metavolcanic rocks. Locally, silicified 
rocks form resistant outcrops within the broad area of soft 
argillized rocks. 

In the Virginia Range, hydrothermally altered rocks 
are widespread. The largest areas are located near Wash
ington Hill, Geiger Grade, and the Ramsey Mining Dis
trict (B, C, and D, respectively, fig. 14). Bleached, 
argillized Tertiary volcanic rocks are predominant in all 
three areas. Andesitic lava and pyroclastic rocks of the 
Alta Formation are widespread in the Geiger Grade area, 
whereas Kate Peak Formation andesitic lavas and pyro
clastic rocks and andesite porphyry underlie the other two 
areas. Other large areas of hydrothermally altered rocks 
are present in the Buckskin and Singatse Ranges (E, fig. 
14), the Olinghouse Mining District (F, fig. 14), and the 
Guanomi Mine area (G, fig. 14). Several moderately large 
areas are present in the eastern part of the quadrangle, es
pecially near the Wonder and Regent (Rawhide) Mining 
Districts (Hand I, respectively, fig. 14). 

Several clusters of small closely spaced areas of hy
drothermally altered rocks are noteworthy because this 
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Figure 14. Areas of hydrothermal alteration (black spots) detected by remote sensing using Landsat TM images in the Reno quadrangle, Nevada and California. State 
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pattern occurs for two different reasons. Some clusters, 
such as those near the Jessup and Dixie Valley Mining 
Districts (J and K, respectively, fig. 14), reflect small dis
continuous areas of alteration. However, in other areas, 
including the Comstock and Como Mining Districts (L 
and M, respectively, fig. 14 ), this pattern is due to only 
local observation of the altered rocks because of vegeta
tion cover. Such variations emphasize the limitation that 
vegetation cover places on thematic mapping of hydrother
mally altered rocks. 

MINERAL RESOURCES 

Introduction 

This assessment reviews known metalliferous mineral 
deposits and evaluates the potential for undiscovered met
alliferous mineral deposits in the Reno quadrangle. Non
metallic minerals, oil and gas, and geothermal energy 
resources are described briefly but not evaluated. The as
sessment generally follows the methodology initially de
veloped for the Alaska Mineral Resource Assessment 
Program (AMRAP) of the U.S. Geological Survey, which 
consists of delineating areas according to the types of de
posits that may be present, building grade and tonnage 
models that describe the deposit types, and estimating the 
numbers of undiscovered deposits (Singer, 1975; Singer 
and Cox, 1988; Menzie and Singer, 1990). However, no 
subjective probabilistic estimates of the numbers of undis
covered deposits were made for reasons discussed below. 
Mineral deposits and occurrences, defined in the section 
"Definitions," of the Reno quadrangle were classified by 
deposit types (see table 1) generally following the ore de
posit models in Cox and Singer (1986). The characteristics 
of known deposits and occurrences are described by de
posit type. Other types of deposits that are not known to 
occur in the quadrangle but may be present are also dis
cussed. Grade and tonnage models for most of these 
deposit types are contained in Cox and Singer (1986) and 
in Bliss (1992). Areas where undiscovered deposits may be 
present are delineated for many deposit types (pls. 1-4). 
Two types of areas are delineated: (1) permissive terranes 
consisting of broad areas where the possibility of specific 
types of deposits occurring cannot be ruled out, and (2) fa
vorable tracts consisting of smaller areas within permissive 
terranes where indications that ore-forming processes, such 
as hydrothermal activity, have taken place and indicate 
that a specific deposit type or group of related deposit 
types may be present. 

No attempt was made to estimate numbers of undis
covered deposits in the Reno quadrangle, as has been done 
in other AMRAP and CUSMAP studies (for example, 
Richter and others, 1975; Singer and others, 1983; Peter
son and others, 1983) for several reasons. These are (1) 

lack of sufficient geologic and geochemical data to make 
quantitative estimates, (2) lack of sufficient understanding 
of the genesis of several deposit types, (3) lack of or in
consistencies in grade and tonnage models for several de
posit types, and (4) uneasiness with the methodology of 
quantitative estimates of undiscovered deposits. 

Many deposit types present in the Reno quadrangle 
are either poorly characterized or the deposit model is 
poorly understood. For example, the Fondaway Canyon 
deposit in the northern Stillwater Range is the only known 
sediment-hosted gold deposit in the Reno quadrangle. It is 
located more than 50 km away from the nearest sediment
hosted gold deposit and more than 150 km away from the 
large deposits along the Carlin trend, and many aspects of 
the geology, geochemistry, tectonic setting, and origin are 
not clearly understood at Fondaway Canyon. In addition, 
many aspects about the genesis of sediment-hosted gold 
deposits remain unclear and controversial. We delineated a 
broad area as permissive for undiscovered sediment-hosted 
gold deposits (pl. 2), but we do not believe that we suffi
ciently understand or have enough detailed data to esti
mate the number of undiscovered deposits within this 
broad area. 

The genesis of several other deposit types identified 
during our studies, such as iron endoskam (or stockwork 
magnetite) deposits associated with the Jurassic Humboldt 
complex, is still poorly understood, and several deposit 
types do not have grade and tonnage models based on 
worldwide occurrences of similar deposits. The lack of 
grade and tonnage models precludes estimation of the 
number of undiscovered deposits for any of these deposit 
types using the three part methodology of Singer and Cox 
(1988). 

There are difficulties in the application of some exist
ing grade and tonnage models to deposits in the Reno 
quadrangle, notably to adularia-sericite gold-silver depos
its, which are the most important type of metallic mineral 
deposit therein. Because of more than 100 years of explo
ration, changing economics, and improved exploration and 
extraction techniques, most recently discovered epithermal 
gold-silver deposits are disseminated, bulk minable depos
its rather than classic vein deposits mined by underground 
techniques. Present U.S. Geological Survey grade and ton
nage models assign all bulk minable, volcanic-hosted 
gold-silver deposits to a hot-springs type (Berger and 
Singer, 1990), because many individual deposits do not fit 
the data sets of other types of epithermal gold-silver de
posits that were mostly mined by underground techniques 
(D.A. Singer, oral commun., 1990). Thus, the hot-springs 
model includes both quartz-alunite gold (for example, Par
adise Peak and Borealis) and adularia-sericite gold-silver 
(for example, Round Mountain, Sleeper, and Rawhide) de
posits, and the Comstock Lode and the recently discovered 
Rawhide deposit are considered different deposit types in 
these grade and tonnage models, although there are few 
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geologic and genetic differences between them. In con
trast, the Rawhide and Paradise Peak deposits are consid
ered similar deposit types, although there are many genetic 
differences between them (Black and others, 1991; John 
and others, 1991). Moreover, historical (early 20th centu
ry) production at Rawhide is considered an adularia-seri
cite (Comstock) type deposit, whereas recently discovered 
bulk-minable ore at Rawhide is considered a hot-spring 
type deposit in the grade and tonnage models, although 
both deposits are part of the same mineralizing system. 
Consequently, we were uneasy using the existing grade 
and tonnage models to characterize some types of undis
covered deposits. 

The approach used to estimate the numbers of undis
covered deposits in this and most other CUSMAP and 
AMRAP studies is to use experts who use "expert judge
ment or subjective probability" to evaluate undiscovered 
mineral deposits (Menzie and Singer, 1990). Menzie and 
Singer (1990) described two end-member approaches used 
by experts to estimate numbers of undiscovered deposits: 
( 1) comparison to well-explored regions geologically and 
metallogenically similar to the one being evaluated, and 
(2) identifying potential exploration targets for the type of 
deposit being evaluated. Parts of the Reno, Tonopah, and 
Walker Lake, Nevada, quadrangles with areas of exposed 
bedrock that have been well explored might be used for 
comparative purposes for some deposit types, but explora
tion of exposed bedrock in these quadrangles for many de
posit types, including bulk-minable gold-silver deposits, 
has not been thorough. We also lack the detailed geologic, 
geochemical, and subsurface knowledge necessary to iden
tify and evaluate potential exploration targets. In particu
lar, the poor quality of the regional stream-sediment 
geochemistry and the lack of detailed geochemical studies 
of hydrothermally altered rocks in many tracts delineated 
as favorable for undiscovered mineral deposits hinders our 
evaluation of the tracts. Thus, we were not comfortable 
using this methodology and have not made quantitative es
timates of numbers of undiscovered deposits in the Reno 
quadrangle. 

Definitions 

In this assessment we used the definitions put forth 
by Cox and Singer (1986, p. 1) for the terms "ore depos
it," "mineral deposit," and "mineral occurrence." Specifi
cally, a "mineral occurrence" is "a concentration of a 
mineral ... that is considered valuable by someone some
where, or that is of scientific or technical interest." A 
"mineral deposit" is "a mineral occurrence of sufficient 
size and grade that it might, under the most favorable of 
circumstances, be considered to have economic potential." 
An "ore deposit" is "a mineral deposit that has been tested 
and is known to be of sufficient size, grade, and accessi-

bility to be producible to yield a profit." An undiscovered 
ore deposit is defined as an ore deposit that does not have 
published grade and tonnage data (D.A. Singer, oral com
mun., 1990). In the Reno quadrangle, recent exploration 
has resulted in discovery of several gold-silver deposits 
that are "undiscovered" because grade and tonnage data 
have not been released (for example, deposits in the Ram
sey and Talapoosa Mining Districts). 

Mineral occurrences, mineral deposits, and ore depos
its are divided into deposit types that are based on descrip
tive mineral-deposit models contained in Cox and Singer 
( 1986) or other references cited in this report. The miner
al-deposit models are based on groups of mineral deposits 
that share a wide variety and large number of geologic 
attributes. Deposit types identified in the Reno quadrangle 
and references to descriptive models for these deposit 
types are listed in table 1. 

Grade and tonnage models contain data on average 
grades and tonnages for groups of mineral deposits. They 
are useful in quantitative resource assessments for provid
ing information about the potential value of undiscovered 
deposits within an assessment area and are used in eco
nomic analyses of these resources (Singer, in press). Typi
cally, grade and tonnage models are based on average 
grades of each metal or mineral commodity and the asso
ciated tonnage based on the total of past production, re
serves, and resources at the lowest possible cutoff grade 
(Singer, in press). Grade and tonnage models are usually 
developed simultaneously with mineral-deposit models, 
where there are sufficient grade and tonnage data available 
to build a model, and the grade and tonnage data can help 
refine descriptive mineral-deposit models (for example, 
Singer, 1990, in press). Singer (in press) discussed some 
of the problems associated with the formulation and use of 
grade and tonnage models. Two major shortcomings of 
present grade and tonnage models applied to deposits in 
the Reno quadrangle involve classification of bulk-min
able, volcanic-hosted gold-silver deposits and the small 
size (tonnage) of most mineral occurrences or deposits. 

Permissive Terranes and Favorable Tracts for 
Undiscovered Metalliferous Mineral Resources 

For each type of metalliferous mineral deposit identi
fied in the Reno quadrangle, we discuss the characteristics 
of the deposit type and, for many deposit types, we delin
eate permissive terranes. Notable characteristics of known 
deposits in the quadrangle are described. Criteria for delin
eating areas that may contain undiscovered deposits are 
described, and the geologic characteristics of these areas 
are also briefly described. Both permissive terranes and 
favorable tracts, either of which may contain undiscovered 
mineral deposits, were delineated for many deposit types. 
Permissive terranes are areas that conceivably might 
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contain a certain deposit type. We define permissive ter
ranes as areas remaining after we exclude terranes where 
it is unreasonable to expect a deposit of the type in ques
tion to be present based on our present understanding of 
the characteristics of this deposit type and the geology of 
the Reno quadrangle. In other words, unless there are neg
ative reasons for making an area permissive, all parts of 
the quadrangle are considered permissive (for example, 
sediment-hosted gold deposits are not permissive in areas 
that are entirely granitic rock of the Sierra Nevada batho
lith). Lack of data is not used as a reason to exclude an 
area from being permissive. Permissive terranes are neces
sarily very broadly defined, and for most deposit types, it 
is unlikely that the type of deposit being discussed is 
present within most of the terranes considered permissive 
for that deposit type. 

Favorable tracts are areas that contain some sort of 
positive indication that an undiscovered mineral deposit is 
present or that mineralizing processes have occurred. For 
example, the presence of known deposits and occurrences, 
hydrothermal alteration known to be related to a certain 
deposit type, and plutons that are associated with known 
mineral deposits are all reasons to consider an area favor
able. Criteria used to delineate favorable tracts are listed in 
tables 2, 4, 5, and 6 and discussed in the following sec
tions for each type of deposit. Because positive indications 
that ore-forming processes have occurred are required to 
include an area as favorable for a certain deposit type, fa
vorable tracts are much smaller areas than permissive ter
ranes and are more likely to contain undiscovered mineral 
resources. By definition, permissive terranes include all fa
vorable tracts. 

We used a 500-m depth limit in delineating areas that 
are permissive or favorable for undiscovered mineral re
sources (figs. 2 and 3). This depth limit is somewhat arbi
trary (for comparison, the Nevada State assessment used a 
1-km depth limit; Blakely and Jachens, 1990), but we be
lieve that at the scale of our assessment (1 :250,000) there 
are too many uncertainties associated with projection of 
bedrock terranes to large areas under Carson Sink and else
where that are shown on Jachens's map to contain bedrock 
at depths between 500 and 1 ,000 m. Also, under present 
economic conditions, it is highly unlikely that blind explo
ration for mineral deposits would exceed a 500-m depth, 
although exploration may well continue to greater depths 
in areas of known mineralization or altered rock. 

For deposits hosted by Mesozoic rocks, a map show
ing contours of depth to Mesozoic bedrock was construct
ed using procedures described by Jachens and Moring 
(1990) and data they generated for the Nevada State as
sessment. This map was then modified by D.A. John (fig. 
2) to reflect the more detailed geologic map used for this 
project (Jachens and Moring (1990) used the 1:500,000-
scale state geologic map of Nevada (Stewart and Carlson, 
1978)) and a more recent set of gravity observations 

(Donald Plouff, unpub. data, 1990). As described by 
Jachens and Moring (1990), there are several uncertainties 
associated with the depth to Mesozoic bedrock contours, 
and the 500-m contour probably is less precise than the 1-
km contour used in the Nevada State assessment (R.C. 
Jachens, oral commun., 1990). Thus, the extent of permis
sive terranes and favorable tracts buried beneath Cenozoic 
deposits shown on figure 2 and plates 1 and 2 should be 
viewed with caution. 

Thickness of nonmagnetic upper Cenozoic basin fill 
was semiquantitatively estimated using aeromagnetic data 
collected during the NURE Program and other data. The 
NURE data were collected along east-west flightlines 
flown approximately 5 km apart and 120 m above the 
ground. These data were analyzed using both qualitative 
and quantitative techniques by R.J. Blakely as part of the 
Nevada State assessment (Blakely and Jachens, 1990) to 
produce a map showing areas of shallow magnetic sources, 
s1-km depth to magnetic source, in the Reno quadrangle. 
This map was modified slightly by D.A. John to reflect the 
more detailed geologic map used in this project. The map 
showing shallow magnetic sources (fig. 3), when combined 
with the geologic map, the depth to Mesozoic basement 
rocks map, and the well-log map, allows separation of 
areas of thick (:~!: 1 km), nonmagnetic Cenozoic deposits, or 
basin-fill sediments, from areas of shallow basin fill. Areas 
of shallow basin fill are considered permissive for various 
types of mineral deposits on the basis of subsurface exten
sions of permissive terranes in exposed bedrock. 

Mineral deposits of the Reno quadrangle can be sepa
rated into two groups. These are deposits that formed dur
ing the Mesozoic and deposits that formed during the 
Cenozoic. Many deposit types may have formed during 
both the Mesozoic and Cenozoic (for example, copper 
skarn and porphyry copper deposits). These deposit types 
are discussed twice, because the characteristics of known 
deposits of different ages and the distribution of permissive 
terranes and favorable tracts for these deposits are different. 

MINERAL DEPOSITS OF MESOZOIC AGE 

Porphyry Copper Deposits 

Known Occurrences 

Two porphyry copper systems are present in the Yer
ington Mining District along the southern edge of the 
Reno quadrangle (pl. 1 ). These are the Bear and Lagam
arsino Prospects and MacArthur deposit. The Bear and 
Lagamarsino Prospects are fault blocks of a single porphy
ry copper system that collectively contain greater than 500 
million tons of resources averaging 0.4 percent Cu (Einau
di, 1982). Both prospects are covered by alluvium and 
were discovered in the early 1970's by the Anaconda 
Company. The MacArthur deposit crops out at the north 
end of the Yerington Mining District and is a small oxi-
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dized deposit containing about 13 million tons of resourc
es averaging 0.43 percent Cu (Heatwole, 1978; Einaudi, 
1982). Two other porphyry copper deposits, the Yerington 
and Ann Mason deposits, are present just south of the 
Reno quadrangle in the Yerington Mining District. 

Porphyry copper deposits in the Yerington Mining 
District are genetically related to the Middle Jurassic (168 
Ma) Yerington batholith and are associated with swarms of 
quartz monzonite porphyry dikes that cut the central part 
of the batholith (Proffett and Dilles, 1984; Dilles and 
Wright, 1988; Dilles, 1984, 1987). Porphyry copper depos
its in the Yerington Mining District are atypical of other 
porphyry copper deposits and are distinguished by the 
presence of large areas of sodic-calcic alteration in their 
deeper levels (Carten, 1986; Dilles, 1984) and low con
centrations of other metals generally associated with such 
deposits (Mo, Au, Ag, Pb, and Zn are not enriched in the 
Yerington deposits; Wilson, 1963; Hudson, 1983, p. 135). 
Moreover, distal polymetallic (Ag-Pb-Zn) replacement and 
vein deposits are not associated with the Yerington depos
its. Other mineral deposits genetically related to the Yer
ington batholith include several copper skarn deposits in 
the Walker Lake quadrangle (Knopf, 1918; Einaudi, 1977, 
1982; Harris and Einaudi, 1982) and several iron skarn de
posits including the Minnesota Iron Mine in the Buckskin 
Range (Reeves and others, 1958; Hudson and Oriel, 1979; 
Dilles and Wright, 1988). 

A second area of possible porphyry copper-type alter
ation and mineralization is present at Fireball Ridge in the 
north-central part of the Reno quadrangle (pl. 1; table 4). 
Harlan (1984) described fracture-controlled copper miner
alization in the outer parts and wallrocks of a composite 
Jurassic(?) pluton on Fireball Ridge that he believes is 
part of a porphyry copper system. Most hydrothermal al
teration in the pluton is propylitic although zones of 
quartz-sericite-pyrite and tourmaline alteration are locally 
present. Polymetallic veins and weak iron (pyrite+magne
tite) skarn alteration also are present along the margins of 
this pluton. 

Permissive Terranes 

We believe terranes permissive for Mesozoic porphy
ry copper deposits are limited to areas underlain by Juras
sic granitic rocks (fig. 7; pl. 1). The inferred maximum 
extent of Jurassic granitic rocks (outlined on pl. 1) was 
determined using outcrops of known or probable Jurassic 
granitic rocks (fig. 7), geophysical data, areas where depth 
to Mesozoic bedrock was s500 m (fig. 2), and location of 
large, continuous exposures of Cretaceous granitoids of 
the Sierra Nevada batholith (fig. 7). Cretaceous granitoids 
of the Sierra Nevada batholith are not considered permis
sive for porphyry copper mineralization, because there are 
no known porphyry copper deposits associated with Creta
ceous parts of the batholith, large continuous exposures of 

the batholith in the western part of the Reno quadrangle 
lack porphyry phases and hydrothermal alteration charac
teristic of porphyry copper systems, and present exposures 
of these rocks probably crystallized at depths too deep to 
allow formation of porphyry copper deposits. Areas under
lain by the Jurassic Humboldt complex in the northeastern 
part of the quadrangle also are excluded, because the com
plex lacks granitic rocks. 

Favorable Tracts 

Characteristics of four tracts delineated as favorable 
for porphyry copper deposits are summarized in table 4. 
Tracts 4 and 6 cover the south-central parts of the quad
rangle; include the northern parts of Wassuk, Singatse, and 
Buckskin Ranges, the Pine Nut Mountains, and the Calico 
Hills; and are near the two known porphyry copper sys
tems in the northern Yerington Mining District. These 
tracts contain large exposures of Jurassic granitic rocks in
cluding large areas of hydrothermally altered granitic 
rocks in the northern Pine Nut Mountains, several areas of 
endoskarn (notably in the Pine Nut Mountains), and nu
merous prospects for copper and iron. The area immedi
ately around the MacArthur deposit is excluded from tract 
4 because of extensive previous exploration. 

Tract 1 is located at the extreme north edge of the 
quadrangle in Copper Valley along the southwestern side 
of the Trinity Range (pl. 1). This tract includes small ex
posures of an altered granodiorite pluton (Copper Valley 
pluton), which is inferred to be Jurassic in age on the basis 
of its trace-element geochemistry, and several small cop
per skarn deposits (Hard-to-Find and Copper Queen 
Mines) in carbonate wallrocks of the pluton. 

Tract 2 encompasses Fireball Ridge and includes 
weak fracture-controlled copper mineralization in the mar
gins and wallrocks of the composite Jurassic(?) Fireball 
Ridge pluton and several polymetallic vein occurrences. 

Copper Skarn Deposits 

Known Occurrences 

Only two copper skarn deposits of Mesozoic age are 
known in the Reno quadrangle. Both are present in Copper 
Valley along the north edge of the quadrangle on the 
northwestern side of the Trinity Range (pl. 1 ). The Hard
to-Find and Copper Queen Mines both contain small 
amounts of chalcopyrite, scheelite, and secondary copper 
minerals in garnet-pyroxene skarn (Willden and Speed, 
1974; Stager and Tingley, 1988). Pods of massive bull 
quartz are common on dumps. Skarn is present in marble 
along the margins of the propylitically altered Copper Val
ley pluton. The pluton is undated but is inferred to be Ju
rassic in age on the basis of its trace-element geochemistry 
(fig. 8B). 

Mineral Deposits of Mesozoic Age 33 



Copper skarn deposits also are present in the Yering
ton Mining District just south of the Reno quadrangle. 
These deposits are related genetically to the Yerington 
batholith and porphyry copper deposits, although they 
formed in Triassic carbonate rocks as much as several ki
lometers away from contacts with the Yerington batholith 
and 3 to 4 km distant from the outermost edge of signifi
cant porphyry copper mineralization in the granitic rocks 
(Knopf, 1918; Einaudi, 1977, 1982; Harris and Einaudi, 
1982). Skarn mineralization is present as intergrowths of 
chalcopyrite and pyrite with little or no magnetite. Gangue 
minerals are dominantly andraditic garnet in skarns devel
oped in hornfels and skarnoids near the Yerington 
batholith and coarse-grained, bladed salite and andraditic 
garnet in more distal skarns formed in dolomitized lime
stone (Einaudi, 1977, 1982). 

Permissive Terranes 

Terranes permissive for copper skarn deposits are the 
same as terranes permissive for Mesozoic porphyry copper 
deposits. These terranes include the inferred extent of Ju
rassic granitic rocks and are limited to areas where car
bonate rocks form a substantial part of the pre-Middle 
Jurassic stratigraphic section. Thus, permissive terranes are 
limited to part of the Pine Nut, Sand Springs, and Jungo 
terranes where Jurassic granitic rocks are exposed or may 
be present at shallow depths (pl. 1). 

Favorable Tracts 

We delineated three tracts as favorable for copper 
skarn deposits (tracts 1, 5, and 6, pl. 1). Tracts 1 and 6 are 
identical to the tracts favorable for porphyry copper miner
alization. Tract 5 is a subset of tract 4, which is favorable 
for porphyry copper deposits, but excludes large continu
ous exposures of Jurassic granitic rocks. Characteristics of 
these tracts are summarized in table 4. Copper skarn de
posits are not known to be present in tract 5, although gra
nitic rocks in and near this tract are part of the Yerington 
batholith, and several copper skarn deposits genetically re
lated to the Yerington batholith are present just south of the 
Reno quadrangle in the Yerington Mining District. Tract 6 
contains several iron-copper skarn prospects in the Calico 
Hills. Tract 1 contains small copper-tungsten skarn depos
its at the Copper Queen and Hard-to-Find Mines. 

Iron Skarn (Magnesium Magnetite Skarn) 
Deposits 

Known Occurrences 

Iron skarn deposits, consisting of magnetite replace
ment of carbonate rocks, are present in the south-central 
part of the quadrangle associated with Jurassic granitic 

rocks (pl. 1 ). We classify these deposits as the magnesium 
magnetite skarn deposit type of Einaudi and others ( 1981 ), 
although with the exception of the Minnesota Iron Mine, 
published descriptions of the deposits are insufficient to 
distinguish them from calcic magnetite skarns. The largest 
deposit in the Reno quadrangle is the Minnesota Iron 
Mine in the northern Buckskin Range. It consists of mas
sive magnetite replacement of dolomitized Triassic lime
stone along the margin of the Yerington batholith (Reeves 
and others, 1958). The other major occurrence is the Day
ton iron deposit, which consists of replacement of lime
stone by magnetite, pyrite, and minor(?) calc-silicate 
minerals formed from hydrothermal fluids apparently re
lated to an unaltered Jurassic(?) granodiorite pluton 
(Reeves and others, 1958; Roylance, 1966). Other iron 
skarn occurrences include several prospects in the Calico 
Hills and the Iron Blossom Prospect near the Dayton iron 
deposit (Reeves and others, 1958; Roylance, 1966; 
Lawrence and Redmond, 1967; Satkoski and others, 1985; 
John and Sherlock, 1991). 

Permissive Terranes 

Terranes permissive for iron skarn deposits are the 
same as terranes permissive for Mesozoic copper skarn 
and porphyry copper deposits (pl. 1 ). These permissive 
terranes contain all known and probable Jurassic granitic 
rocks, all known magnesium magnetite skarn deposits and 
all pre-Tertiary tectonostratigraphic terranes with locally 
thick sequences of carbonate rocks. We excluded areas 
that only contain Cretaceous plutons, because we believe 
it is unlikely that these plutons developed hydrothermal 
fluids that might have formed magnetite skarn deposits. 
Mesozoic terranes that do not contain carbonate horizons 
and the Humboldt complex have also been excluded from 
terranes that we judge are permissive for magnesium mag
netite skarn deposits. 

Favorable Tracts 

We delineated four tracts as favorable for iron skarn 
deposits (tracts 3, 5, and 6, pl. 1). Characteristics of these 
tracts are summarized in table 4. Tract 5 contains expo
sures of Jurassic granitic rocks, contains large areas of hy
drothermal alteration both within the plutons and in 
surrounding wallrocks, and contains the Minnesota Iron 
Mine. This tract is also favorable for porphyry copper and 
copper skarn deposits. Tract 6 contains iron-copper skarns 
at the Calico Hills and Afterthought Prospects. Tract 3 
contains the Dayton iron deposit and the Iron Blossom 
Prospect. This tract is north of the main exposures of Ju
rassic granitic rocks, although a small, metamorphosed 
fine-grained diorite lithologically similar to Jurassic dio
rites in the northern Pine Nut Mountain is exposed at the 
Dayton iron deposit, and a granodiorite pluton exposed at 
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the Iron Blossom Prospect and underlying the Dayton iron 
deposit has major- and trace-element compositions that 
suggest that it is Jurassic in age (John, 1992). Both Reeves 
and others (1958) and Roylance (1966) suggest that the 
granodiorite pluton was the source of mineralizing fluids 
for these iron skarns. Tract 1 was delineated because it 
contains local skarn alteration of carbonate wallrocks. 

Iron Endoskarn (Calcic Magnetite Skarn) 
Deposits 

Known Occurrences 

Iron endoskarn or stockwork magnetite deposits, 
which may be analogous to calcic magnetite skarn depos
its of Einaudi and others ( 1981 ), are associated with the 
Humboldt complex in the northeastern comer of the Reno 
quadrangle and the southeastern part of the adjacent Love
lock 1 o by 2° quadrangle. These deposits consist of mas
sive and vein replacement of Jurassic gabbro and basalt by 
magnetite commonly associated with scapolite and albite 
alteration (Reeves and Kral, 1955; Willden and Speed, 
1974; Speed, 1976). The Buena Vista Mine is the largest 
iron endoskarn deposit in the Reno quadrangle (Reeves 
and Kral, 1955; Willden and Speed, 1974). 

Small iron and iron-copper skarns also are present in 
Mesozoic dioritic intrusions on Peavine Peak north of 
Reno (Hudson, 1977). These skarns are present as irregu
lar veins as much as 25 em wide and 10 m long and con
sist of magnetite and hematite as well as localized pyrite 
and chalcopyrite. Wallrocks of the veins are altered to sea
polite, chlorite, quartz, actinolite, epidote, and albite (Hud
son, 1977). Because of their small size, these occurrences 
probably do not represent iron endoskarns. 

Permissive Terranes 

Terranes permissive for the occurrence of iron en
doskam deposits are limited to the Humboldt complex in 
the northeastern part of the quadrangle (pl. 1 ). We did not 
delineate a tract favorable for undiscovered iron endoskam 
deposits within this terrane, however, because large undis
covered deposits are unlikely to be present at shallow 
depths owing to extensive exploration undertaken in the 
1950's (Reeves and Kral, 1955) and the strong magnetic 
anomalies associated with these deposits that make shal
low deposits readily detected by magnetic surveys. 

Sediment-Hosted (Carlin-type) Gold Deposits 

Known Occurrences 

The Fondaway Canyon gold deposit, in the northern 
Stillwater Range near the northeastern comer of the quad-

rangle (pl. 2), is the only deposit in the quadrangle that 
can be classified as a sediment-hosted gold deposit (Sid
der, 1987). Host rocks are Upper Triassic to Lower Juras
sic carbonaceous, locally calcareous shale and siltstone of 
the Jungo terrane. Gold is disseminated in carbonaceous 
shale and is also contained in vuggy quartz+pyrite+gold 
veins. Mineralized rock is localized in a steeply dipping 
fault zone that strikes about N. 70° E. (Sidder, 1987; R. 
Fisk, oral commun., 1986; K. Cluer, oral commun., 1990). 
Mineralized zones are locally as wide as 15 m. Most gold
bearing veins are unoxidized and surrounding wallrocks 
contain abundant fine-grained sulfide minerals and carbon
aceous material. Arsenic content of the ore is locally high 
(thousands of ppm) and is present as disseminated arse
nopyrite in unoxidized rocks. Pods and veins of stibnite 
are common. Silver content of the ore is extremely low. 
Tennaco Minerals is currently (1991) mining the more oxi
dized parts of the deposit and attempting to delineate areas 
of unoxidized rock with gold grades high enough to be 
mined economically by underground methods (K. Cluer, 
oral commun., 1990). A muscovite selvage on a gold-bear
ing quartz+stibnite+pyrite vein yielded a K-Ar age of 
94.0±2. 7 Ma (Russell and others, 1989), which is thought 
to approximate the age of gold mineralization (P.G. Vikre, 
oral commun., 1990). However, no igneous rocks of Late 
Cretaceous age crop out near the Fondaway Canyon de
posit and the origin and classification of the Fondaway 
Canyon deposit is unclear. 

Permissive Terranes 

We delineated all areas of overthickened crust that 
contain Mesozoic sedimentary and metasedimentary rocks 
and that have not undergone metamorphism greater than 
greenschist facies as permissive for sediment-hosed gold 
deposits (pl. 2). Berger and Henley (1989) emphasized the 
role that overthickened crust plays in the genesis of sedi
ment-hosted gold deposits and suggested that overthicken
ing of the crust may allow entrapment of saline, connate 
fluids in sedimentary sequences, a fluid composition im
portant in the genesis of these deposits. Overthickened 
crust is defined as areas where the crust has been thick
ened by movement along Mesozoic thrust faults. These 
areas include the Jungo, Paradise, and Pine Nut terranes 
and the Marble Butte rocks. The presence of thrust faults 
in the Pine Nut terrane is controversial, and we consider 
the presence of sediment-hosted gold deposits is less like
ly in this terrane than in other terranes. The Sand Springs 
terrane, which is metamorphosed to amphibolite facies 
(Satterfield and Oldow, 1989), probably lost connate fluids 
during metamorphism that apparently are necessary for 
formation of sediment-hosted gold deposits (Berger and 
Henley, 1989; W.C. Bagby, oral commun., 1990) and, 
therefore, is not permissive for these deposits. Neither are 
metavolcanic terranes, which lack suitable host and source 
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rocks, and the Humboldt complex, which also lacks suit
able host and source rocks. 

Favorable Tracts 

We did not delineate favorable tracts for sediment
hosted gold deposits, because we lack the detailed data 
necessary to delineate favorable tracts except for the area 
immediately around the Fondaway Canyon deposit. 

Tungsten Skarn Deposits 

Known Occurrences 

Numerous tungsten skarn deposits associated with 
granitic plutons of Cretaceous or probable Cretaceous age 
are scattered throughout much of the Reno quadrangle (pl. 
2). They constitute the second most important type of de
posit in the quadrangle in terms of historic production 
(Sidder, 1986). The largest deposits are present in the Re
gent (Nevada Scheelite Mine), Toy (St. Anthony Mine), 
and Nightingale (Crosby and Jay Bird Mines) Mining Dis
tricts. The Nevada Scheelite Mine produced an estimated 
310,000 units W03 from 1935-1982, the St. Anthony 
Mine produced about 23,000 units W03 from 1915-1956, 
and combined production from the Jaybird and Crosby 
Mines was about 760 units W03 from 1942-1957 (Stager 
and Tingley, 1988). Skarn consists of irregular replace
ment of marble by garnet, pyroxene, epidote, quartz, and 
other calc-silicate minerals along contacts with granitic in
trusions. Pods of bull quartz are common. Scheelite is the 
primary ore mineral. Granitic plutons spatially associated 
with tungsten skarns are mostly biotite granite and biotite
hornblende granodiorite that range in composition from 63 
to 76 weight percent Si02 (table 5). The plutons are meta
luminous to weakly peraluminous, lack magmatic musco
vite, and generally are sphene bearing. They have notably 
lower K20 contents than Jurassic plutons have at the same 
Si02 content (fig. 8A). Generally, there is little hydrother
mal alteration present in the granitic rocks. 

Permissive Terranes 

Terranes permissive for tungsten skarn deposits en
compass all Mesozoic terranes containing carbonate units 
that could serve as host rocks for tungsten skarns. Permis
sive terranes exclude metavolcanic terranes such as the 
Carson Range and areas north and west of Reno. Although 
these areas contain large exposures of the Sierra Nevada 
batholith and might have formed tungsten skarn deposits 
similar to deposits in other parts of the batholith (for ex
ample, Pine Creek, Calif., Mining District), they lack 
widespread outcrops of carbonate units to serve as host 
rocks for skarn mineralization. Several small tungsten 
skarn occurrences are described by Stager and Tingley 

(1988) in the metavolcanic terranes, but owing to the lack 
of significant amounts of carbonate wallrocks, these ter
ranes are not permissive for tungsten skarn deposits. The 
Humboldt complex is also excluded from terranes permis
sive for tungsten skarn, because its composition is inap
propriate for the formation of tungsten skarn and its 
contacts with carbonate rocks are faults (Page, 1965; 
Speed, 1976). 

Favorable Tracts 

We delineated five tracts that are favorable for tung
sten skarn deposits (tracts 7-11, pl. 2). Criteria for delin
eating tracts and characteristics of these tracts are 
summarized in table 5. All tracts contain tungsten skarn 
deposits that have been mined in the past, although most 
of the deposits are small (Stager and Tingley, 1988). Aero
magnetic data were used to estimate the subsurface extent 
of plutonic rocks buried beneath shallow Cenozoic cover 
and extend the favorable tracts. Tract 11, which encom
passes the Sand Springs Range and the south end of Fair
view Peak, contains the most known deposits. Within this 
tract, tungsten skarn deposits are associated with at least 
three plutons, and the tract includes the Nevada Scheelite 
deposit and many smaller deposits in the Regent, Sand 
Springs, and Fairview Mining Districts. 

Low-Fluorine (Quartz Monzonite-Type) Porphyry 
Molybdenum Deposits 

Known Occurrences 

There are no known occurrences of low-fluorine por
phyry molybdenum mineralization in the Reno quadrangle. 
However, low-fluorine porphyry molybdenum deposits of 
Late Cretaceous age are present elsewhere in western Ne
vada (Westra and Keith, 1981), and two areas of hydro
thermal alteration in Late Cretaceous plutons in the 
eastern part of the Reno quadrangle are similar to hydro
thermal alteration associated with low-fluorine porphyry 
molybdenum systems. 

The La Plata Canyon pluton in the southern Stillwater 
Range was explored and drilled for porphyry molybdenum 
mineralization in the late 1970's by Phelps Dodge Corpo
ration (Quade and Tingley, 1987). No minable ore was 
found during exploration (Quade and Tingley, 1987, p. 
60). Exploration was primarily centered on an area of 
brecciated greisen (muscovite-altered granite) and skarn 
that locally contains anomalous amounts of molybdenum, 
copper, and tungsten (Phelps Dodge drill site, pl. 2; Quade 
and Tingley, 1987). Elsewhere, quartz veins containing 
copper and silver sulfide minerals and traces of molybden
ite cut the La Plata Canyon pluton, and fluorite veins are 
locally present in carbonate wallrocks along the margins 
of the pluton and along aplite dikes (Quade and Tingley, 
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1987). Muscovite associated with fluorite veins yielded a 
K-Ar age of about 84 Ma (Garside and others, 1981). 

A second area of hydrothermal alteration that might 
be related to a porphyry molybdenum system is present in 
the central Sand Springs Range about 3 km north of GZ 
Canyon (tract 12, pl. 2). Here, a large area characterized 
by sericitic and pyritic alteration and locally containing 
stockwork quartz+pyrite+sericite veins is present in the 
granite phase of the Sand Springs pluton and crosscutting 
rhyolite porphyry dikes. Samples of altered rock contain 
small amounts of molybdenum (as much as 70 ppm), al
though no molybdenite was noted (Quade and Tingley, 
1987; D.A. John, unpub. data, 1990). This hydrothermally 
altered area was also detected by remote-sensing tech
niques (fig. 13). 

Permissive Terranes 

Terranes permissive for low-fluorine porphyry molyb
denum deposits include all parts of the Reno quadrangle 
except for major exposures of the Sierra Nevada batholith, 
which underlies the Carson Range and the area north of 
Reno, and the Humboldt complex in the northeastern part 
of the quadrangle (fig. 7, pl. 2). We believe that these ex
posures of the main part of the Sierra Nevada batholith 
represent parts of the batholith that crystallized at depths 
too great for low-fluorine porphyry molybdenum systems 
to have formed. Porphyry textures and hydrothermal alter
ation assemblages characteristic of this deposit type are 
uncommon or absent in this part of the batholith, and no 
porphyry molybdenum deposits are known to be present 
elsewhere in the Sierra Nevada batholith. The mafic com
position of the Humboldt complex precludes porphyry mo
lybdenum mineralization. 

Favorable Tracts 

We delineated one tract in the Sand Springs Range as 
favorable for a low-fluorine porphyry molybdenum deposit 
(tract 12, pl. 2). Little is known about this tract other than 
it contains localized stockwork quartz+pyrite+sericite 
veins with anomalous molybdenum content that cut Late 
Cretaceous granite phase of the Sand Springs pluton (table 
5). However, the composition of the Sand Springs pluton 
is unlike compositions of granitic plutons associated with 
low-fluorine porphyry molybdenum deposits elsewhere 
(fig. 8C). We did not delineate the La Plata Canyon pluton 
as favorable for a low-fluorine porphyry molybdenum de
posit, because previous exploration did not reveal any ex
ploitable molybdenum mineralization and much of the 
molybdenum is present in skarn rather than in porphyry
style alteration. Jurassic granitic plutons in the Reno quad
rangle are unlikely to have porphyry molybdenum deposits 
associated with them, because their compositions are nota
bly different from compositions of plutons associated with 

porphyry molybdenum systems elsewhere (fig. 8C; Mut
schler and others, 1981; Westra and Keith, 1981 ), hydro
thermal alteration in exposed Jurassic plutons is notably 
different from hydrothermal alteration found in porphyry 
molybdenum systems, and porphyry copper systems in the 
Yerington Mining District have notably low molybdenum 
contents (for example, Hudson, 1983, p. 135). Present ex
posures of most Cretaceous granitic plutons apparently 
crystallized at depths greater than depths at which most 
porphyry molybdenum deposits form (most exposures 
have paleodepths ~5 km(?), whereas most porphyry 
molybdenum systems form at depths <3 km, Westra and 
Keith, 1981). Moreover, large areas of hydrothermal alter
ation and quartz veining are not exposed in Cretaceous 
granitic rocks, with exception of the central Sand Springs 
Range. Also, Cretaceous plutons in the Reno quadrangle 
are metaluminous or weakly peraluminous, whereas plu
tons associated with porphyry molybdenum deposits gen
erally are strongly peraluminous (fig. 8C; Westra and 
Keith, 1981; Mutschler and others, 1981). 

Gold-bearing Skarn Deposits 

No gold-bearing skarn deposits as defined by The
odore and others ( 1991) are known to be present in the 
Reno quadrangle. No gold was detected in samples col
lected from Mesozoic skarn occurrences as part of this 
study (0.05 ppm lower detection limit for gold). 

Permissive Terranes 

Permissive terranes for gold-bearing skarn deposits 
(pl. 2) include all areas that are permissive for other types 
of skarn deposits. We did not delineate separate permis
sive terranes for gold-bearing skarns, because analysis of 
worldwide gold-bearing skarns by Theodore and others 
( 1991) indicates that there are no unique characteristics 
that allow distinction of gold-bearing skams from other 
types of skams except for gold content. Detailed studies 
of the Fortitude and McCoy gold-bearing skarn deposits, 
Nevada, however, suggest that gold-bearing skams may be 
genetically related to reduced granitic rocks (for example, 
granitic rocks with low ferric/ferrous iron ratios; Myers 
and Meinert, 1990; Brooks and Meinert, 1990). In the 
Reno quadrangle, chemical analyses of about 30 Mesozoic 
plutons indicate widely varying ferric/ferrous iron ratios 
(weight ratios vary from 0.24 to 5.22) with large varia
tions within single plutons or closely spaced plutons (for 
example, 9 analyses of the Sunrise Pass pluton have Fe3+/ 
Fe+2 ratios ranging from 0.78 to 5.22; John, 1992). Also, 
in the Reno quadrangle there are not consistent differences 
in ferric/ferrous iron ratios between plutons that have dif
ferent types of mineralization associated with them. Thus, 
the use of ferric/ferrous iron ratios of granitic rocks to 
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separate types of skarn deposits does not appear to be use
ful in the Reno quadrangle. Consequently, all areas that 
are permissive for the occurrence of tungsten, copper, 
iron, and lead-zinc skarns are considered permissive for 
gold-bearing skarns. These areas include all terranes con
taining calcareous units and consist of the Pine Nut, Sand 
Springs, Paradise, and Jungo terranes and Marble Butte 
rocks. 

Favorable Tracts 

No favorable tracts for gold-bearing skarn deposits 
were delineated because of the lack of known gold-bearing 
skarn occurrences in the Reno quadrangle and the lack of 
adequate criteria to distinguish favorable areas. 

Polymetallic Vein Deposits 

Known Occurrences 

Polymetallic veins hosted by Mesozoic rocks are 
present in many mining districts scattered across the Reno 
quadrangle including the Mountain Well, Holy Cross, 
Desert, Jessup, Delaware, Galena, and Fairview Mining 
Districts (John and Sherlock, 1991). These veins generally 
are associated with felsic granitic rocks (veins hosted by 
diorite in the Desert Mining District are an exception) and 
are found near several other types of deposits associated 
with felsic plutons. The age of mineralization of most of 
these deposits is unknown. Most are small prospects that 
probably produced only a few tons or tens of tons of ore; 
the Commonwealth (Union) Mine in the Galena Mining 
District is an exception in that it produced more than 
14,000 tons of Pb-Zn-Ag-Cu ore valued at approximately 
$232,000 during the period 1943-45 (Geehan, 1950). Poly
metallic vein deposits primarily consist of narrow quartz 
or quartz-calcite veins in Mesozoic plutonic rocks (for ex
ample, veins at Desert Queen Mine, Desert Mining Dis
trict; Bimetal Mine, Holy Cross Mining District; Bidwell 
Mine, Delaware Mining District). Vein quartz commonly 
contains several percent base-metal sulfide minerals (gen
erally Cu, Pb, and Zn sulfides) or their oxidized equiva
lents and trace to significant amounts of gold and silver. 
Several other occurrences, such as those at the Common
wealth Mine (Galena Mining District), are hosted by 
metavolcanic rocks in which quartz veins filled fault zones 
(Geehan, 1950; Thompson and White, 1964). 

Permissive Terranes 

We did not delineate separate terranes permissive for 
Mesozoic polymetallic vein deposits, because they could 
be present nearly anywhere proximal to felsic granitic 
rocks and the age of most occurrences is unknown or 
poorly understood. 

Polymetallic Replacement and Zinc-Lead Skarn 
Deposits 

No polymetallic replacement or zinc-lead skarn de
posits of Mesozoic age are known to be present in the 
Reno quadrangle. Polymetallic replacement deposits are 
present in the Chalk Mountain Mining District, but these 
deposits are Tertiary in age. There are no known zinc-lead 
skarn deposits in the Reno quadrangle, although skarns re
lated to the IXL pluton in the IXL Mining District and the 
Copperaid deposit in the White Cloud Mining District are 
transitional between copper and zinc-lead skarn types. 
However, both deposits are Tertiary in age. 

Permissive Terranes 

Terranes permissive for polymetallic replacement and 
zinc-lead skarn deposits include all terranes containing 
carbonate units-these are the Pine Nut, Sand Springs, 
Paradise, and Jungo terranes and the Marble Butte rocks 
(fig. 6, pl. 2). 

Favorable Areas 

No areas were delineated as favorable for Mesozoic 
polymetallic replacement or zinc-lead skarn deposits, be
cause no deposits of Mesozoic age are known to be 
present in the Reno quadrangle. Jurassic plutons in the 
southern part of the quadrangle appear to have little lead 
or zinc associated with them, and exposures of most Cre
taceous plutons probably were emplaced at depths greater 
than those at which these deposits generally form. 

Deposits Related to the Humboldt Complex 

The Humboldt complex contains iron endoskarn de
posits associated with scapolite and albite alteration as de
scribed in the section on "Iron Endoskarn (Calcic 
Magnetite Skarn) Deposits." Several other types of miner
al occurrences are also present in the complex including 
small occurrences of copper, nickel, and cobalt (Willden 
and Speed, 1974; John and Sherlock, 1991). The environ
ment in which the Humboldt complex formed is not clear
ly understood, and evaluation of mineral resources 
associated with the complex hinges on interpretation of its 
origin. Speed ( 1976) considered these rocks-which he 
termed the Humboldt lopolith-to be a lopolithic-shaped, 
layered mafic intrusion emplaced into the Jungo terrane 
near the beginning of a compressional tectonic event. In 
contrast, Dilek and others (1988) suggested that the Hum
boldt complex is the ophiolitic basement of the lower Me
sozoic strata of the Jungo terrane. Other possible origins 
include intrusion of the Humboldt complex during an epi
sode of Middle Jurassic rifting (D.P. Cox, oral commun., 
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1990) or that the complex is a synorogenic subduction
related (volcanic arc) intrusion (M.L. Zientek, oral com
mun., 1989). The tectonic setting of the Humboldt com
plex could be determined from chemical analysis of 
relatively immobile elements in the volcanic rocks (for ex
ample, Pearce, 1982; Pearce and Cann, 1973). However, to 
our knowledge no trace-element chemical data are avail
able for rocks of the Humboldt complex. Thus, we can 
only indicate types of deposits that might be present in 
each tectonic setting and present some evidence support
ing various possible origins. 

Speed (1976) and Willden and Speed (1974) present
ed field and geophysical data suggesting that the Hum
boldt rocks constitute a lopolithic-shaped mafic intrusion 
that was emplaced during a regional compressional event. 
Types of deposits that might have formed in this tectonic 
environment in addition to iron endoskarn deposits are not 
known (D.P. Cox, oral commun., 1990). 

Localized evaporitic rocks in the Lovelock Formation 
of Speed (1974) and in the western part of the Boyer Ranch 
Formation, which were deposited in restricted basins and 
are of the same general age as the Humboldt rocks (Speed, 
1974, 1976; Speed and Jones, 1969), suggest a possible rift
related origin of the complex. However, Speed (1974) in
terpreted these rocks to have been deposited in small closed 
basins formed by compressional tectonic activity rather 
than rifting. Moreover, the Humboldt complex apparently 
lacks flood basalts typical of continental rifts, and most 
intrusive rocks in the complex lack cumulate textures and 
layering that are also characteristic of rift-related intrusive 
complexes (M.L. Zientek, oral commun., 1989). If the 
Humboldt complex formed during a Middle Jurassic rifting 
event, it may contain Noril'sk-type copper-nickel-platinum 
group elements deposits (Page, 1986) in the gabbroic rocks, 
basaltic copper deposits (Cox, 1986f) in the volcanic and 
overlying sedimentary rocks, and sediment-hosted copper 
deposits (Gustafson and Williams, 1981; Cox, 1986e) in the 
overlying sedimentary rocks. The Boyer Copper Mine in 
the Millet quadrangle just east of the Reno quadrangle, 
which consists of copper sulfide minerals filling narrow 
fractures and amygdules in the basalts (Willden and Speed, 
1974), may be a basaltic copper deposit. No other mineral 
occurrences associated with the Humboldt complex appear 
to fit these models, and chemical analyses of samples of the 
complex and its altered wallrocks are not enriched in PGEs 
(M.L. Zientek and G.B. Sidder, unpub. data, 1990). 

Dilek and others ( 1988) interpreted the Humboldt 
complex to represent the upper parts of an arc-marginal 
basin ophiolitic sequence on the basis of reinterpretation of 
field relations between the volcanic and intrusive parts of 
the complex and comparison of the complex with the infor
mal Smartville complex in the northern Sierra Nevada. 
Dilek and others (1988) also described sheeted dikes that 
locally lie between the intrusive and volcanic rocks. How
ever, published descriptions of the Humboldt rocks suggest 

that many of the unit's volcanic rocks are subaerial or shal
low water in origin and pillow basalts and deep water (pe
lagic) sedimentary rocks have not been reported (Speed, 
1976). Also, unlike most ophiolites, ultramafic lithologies 
are sparse in the Humboldt rocks (Speed, 1976). If the 
Humboldt complex is an ophiolitic sequence, it may con
tain podiform chromite deposits in the ultramafic parts of 
the complex (Albers, 1986), Cyprus-type massive sulfide 
deposits (Singer, 1986a), and lateritic nickel deposits (Sing
er, 1986b). No known mineral occurrences associated with 
the Humboldt complex appear to fit these deposit types. 

Other Deposits 

Several other types of mineral occurrences and small 
deposits are present in Mesozoic rocks and may be of Mes
ozoic age. Known deposit types include pegmatitic urani
um, quartz-copper (bornite)-gold-tourmaline veins, and 
simple antimony. Other types of deposits that might be 
present in the Reno quadrangle include volcanogenic mas
sive sulfide deposits (Kuroko-type) and low-sulfide gold
quartz veins. These deposit types are briefly described in 
the following sections, but no attempt was made to outline 
permissive terranes and favorable tracts for these deposits. 

Simple Antimony Deposits 

Small antimony deposits, which we classify as simple 
antimony deposits (Bliss and Orris, 1986), are present in 
the Lake and Nightingale Mining Districts and in un
named mining districts in the Pah Rah Range and at Fire
ball Ridge (pl. 2; Lawrence, 1963). The antimony deposits 
are present as narrow quartz± calcite veins that cut Trias
sic marble (Lake Mining District) or cut Mesozoic granitic 
rocks (occurrences outside of Lake Mining District) 
(Lawrence, 1963). Stibnite and (or) secondary antimony 
minerals, pyrite, and minor amounts of other base-metal 
sulfide minerals are present in the veins. Antimony pro
duction from these deposits has been small or nonexistent 
(Lawrence, 1963). 

Pegmatitic Uranium Deposits 

Garside (1973) and Bonham (1969) described several 
pegmatite dikes in Cretaceous(?) granitic plutons or Meso
zoic wallrocks that contain anomalous radioactivity and 
uranium and (or) thorium (pl. 4). These occurrences have 
only low uranium contents and appear to be quite small 
(Garside, 1973). 

Quartz-Copper-Gold-Tourmaline Vein Deposits 

Quartz-tourmaline veins containing copper sulfide 
minerals (primarily bornite), native gold, and silver are 
present in metavolcanic rocks on the north and west sides 
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of Peavine Peak and in Mesozoic (Cretaceous?) gramhc 
rocks near Granite Peak (Bonham, 1969~ Hudson, 1977). 
The veins consist of white quartz containing pods of tour
maline or bornite, chalcocite, and gold (Hudson, 1977). 
Several generations of crosscutting veins are evident, and 
individual veins range from a few centimeters to 5 m in 
width and extend for as much as 300 m along strike (Hud
son, 1977). Hydrothermal alteration is not evident in the 
metavolcanic rocks, although local epidote alteration is 
present in granodiorite wallrocks (Hudson, 1977). The 
veins probably formed during the Mesozoic because they 
are limited to Mesozoic rocks and appear to be spatially 
unrelated to Tertiary rocks (Hudson, 1977). 

Low-Sulfide Gold-Quartz Vein Deposits 

Low-sulfide gold-quartz (mesothermal) veins are a 
type of deposit that might be present in the Reno quadran
gle, although there are no known occurrences. Low-sulfide 
gold-quartz veins form in low to medium grade (green
schist and amphibolite grade) regionally metamorphosed 
volcanic and volcaniclastic rocks along regional high-an
gle faults and joint sets (Berger, 1986d~ Kerrich and Wy
man, 1990~ Bliss, 1992). They characteristically are 
associated with regional structures that suture allochtho
nous terranes to continental margins or arcs and form in a 
recurring sequence of transpressive deformation, uplift, 
late kinematic gold mineralization, and alkalic (shoshonit
ic) magmatism (Kerrich and Wyman, 1990). Kerrich and 
Wyman (1990) suggested that thermal reequilibration of 
underplated, subducted oceanic crust in a transpressive 
tectonic regime is a necessary prerequisite to gold mineral
ization. 

Little is known about regional metamorphism and 
possible subduction of Mesozoic volcanic rocks in the 
Reno quadrangle. The only terrane that is known to have 
been regionally metamorphosed is the Sand Springs ter
rane, which was metamorphosed to lower amphibolite 
grade under ductile conditions during a Jurassic deforma
tional event (Satterfield and Oldow, 1989). However, it is 
not known whether metamorphism of the Sand Springs 
terrane is related to subduction. Other Mesozoic terranes 
in the Reno quadrangle are metamorphosed to varying de
grees, although much of this metamorphism is thermal 
metamorphism related to emplacement of Jurassic and 
Cretaceous plutons or may be simple burial metamor
phism~ there is no evidence for ductile deformation ac
companying metamorphism or for subduction. Regional 
high-angle structures are not known to be present in Me
sozoic rocks in the Reno quadrangle, with the possible ex
ception of the hypothesized Pine Nut Fault (fig. 6), which 
is covered for its entire length by Cenozoic deposits, and 
the southwestern margin of the Jungo terrane. Alkalic 
(shoshonitic) magmatism in Mesozoic rocks has not been 
identified in the Reno quadrangle. Because of the lack of 

large-scale, throughgoing high-angle structures (with the 
possible exception of the Pine Nut Fault), the lack of evi
dence for subduction of oceanic crust, and the lack of 
known occurrences of low-sulfide gold-quartz veins, we 
did not delineate any areas as permissive for low-sulfide 
gold-quartz vein deposits. 

Kuroko-Type Volcanogenic Massive Sulfide Deposits 

Sherlock (1989) suggested that five mines and pros
pects in Triassic and Jurassic metavolcanic rocks in the 
western part of the Reno quadrangle might be Kuroko
type volcanogenic massive sulfide occurrences. Her work 
was based entirely on published descriptions of these oc
currences, and subsequent fieldwork indicates that these 
occurrences are not volcanogenic massive sulfides, but 
rather that they are polymetallic veins (for example, Freds 
Mountain Prospect, Peavine Mining District) or volcanic
hosted copper skarns (for example, Red Metals Mine, Pea
vine Mining District). 

We do not believe that the Triassic and Jurassic 
metavolcanic rocks in the western part of the Reno quad
rangle (Pine Nut terrane and undifferentiated metavolcanic 
rocks) are permissive for Kuroko-type volcanogenic mas
sive sulfide deposits, because the volcanic rocks were 
erupted in the wrong environment for the formation of 
these deposits. Kuroko deposits in Japan formed in subma
rine volcanic rocks that were erupted at depths of approxi
mately 3.5 km (Ohmoto and Skinner, 1983). In contrast, 
Triassic and Jurassic metavolcanic rocks in the western 
part of the Reno quadrangle are subaerial and shallow ma
rine in origin and interbedded sedimentary rocks common
ly are continental and shallow marine although some may 
have been deposited in moderately deep water (Proffett 
and Dilles, 1984; Dilles and Wright, 1988; Bell and Gar
side, 1987; Doebrich and others, 1991). 

MINERAL DEPOSITS OF TERTIARY AGE 

Volcanic-Hosted Epithermal Gold-Silver Deposits 

Volcanic-hosted epithermal gold-silver deposits are 
the most productive type of metalliferous mineral deposit 
in the Reno quadrangle, both in terms of past and current 
production. Several types of epithermal deposits are 
present in the Reno quadrangle, and the most abundant 
type is adularia-sericite or Comstock vein deposits. Nu
merous classification schemes for epithermal gold-silver 
deposits have emerged during the past ten years based on 
many criteria including volcanic-tectonic setting, wallrock 
alteration, ore mineralogy, nature of basement rocks, and 
fluid chemistry (for example, Buchanan, 1981; Berger and 
Eimon, 1983; Sillitoe and Bonham, 1984; Hayba and oth
ers, 1985; Nelson and Giles, 1985; Mosier and others, 
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1986; Heald and others, 1987; Berger and Henley, 1989, 
and White and Hedenquist, 1990). These recent classifica
tions build on earlier classifications proposed by Nolan 
(1933) and Lindgren (1933), who recognized important 
characteristics of epithermal deposits and proposed some
what similar divisions of deposit types. 

Currently, most authors divide volcanic-hosted 
epithermal gold-silver deposits into two major types: 
adularia-sericite (also called quartz-adularia, Comstock ep
ithermal vein, or low sulfidation) and quartz-alunite (also 
known as acid-sulfate, alunite-kaolinite±pyrophyllite, or 
high sulfidation) (for example, Heald and others, 1987; 
Berger and Henley, 1989). Hot-spring gold deposits are a 
third type of epithermal gold-silver deposit commonly de
scribed in the literature (for example, Berger and Eimon, 
1983; Nelson and Giles, 1985; Berger, 1986b; Nelson, 
1988). However, most detailed studies of so-called hot
spring deposits show that they are a subtype (shallow-lev
el end member) of the other two types. For example, Para
dise Peak, Nevada (John and others, 1991) and Sleeper, 
Nevada (Nash and others, 1991) are examples of shallow
level quartz-alunite and adularia-sericite deposits, respec
tively, that previously have been called hot-spring deposits 
and are included in the hot-spring gold-silver grade and 
tonnage model (Berger and Singer, 1991). 

We discuss adularia-sericite and quartz-alunite deposits 
separately, although our current knowledge does not allow 
us to distinguish separate areas that are permissive for 
these two deposit types at the scale of this assessment be
cause alteration assemblages characteristic of both deposit 
types are found near each other in several mining districts 
(for example, the Comstock, Ramsey, and Como Mining 
Districts). However, available K-Ar ages do suggest small 
age differences (1-3 m.y.) between adularia and "hypo
gene" alunite alteration within mining districts (table 2). 
We also discuss known occurrences of hot-spring systems 
(active and fossil) and mineralization formed in hot-spring 
environments, although mineralization related to hot-spring 
systems probably represents the surficial expressions of ad
ularia-sericite or quartz-alunite systems (White, 1981 ). 

Adularia-Sericite (Comstock) Gold-Silver Veins 

Known Occurrences 

Adularia-sericite gold-silver vein deposits in Tertiary 
volcanic rocks are the most productive type of metallifer
ous mineral deposit in the Reno quadrangle. The world
class Comstock Lode deposit produced more than 192 
million troy oz of silver and 8.25 million troy oz of gold 
from about 19 million tons of ore from 1859 to 1957 
(Bonham, 1969). Most mining was from underground 
stopes. In comparison, the Rawhide deposit, which recent
ly (1989) went into production as an open-pit mine, has 
estimated ore reserves of 59.3 million tons containing 

about 17.5 million troy oz of silver and 1.62 million troy 
oz of gold (Black and others, 1991). 

Adularia-sericite vein deposits are present in at least 
14 mining districts spread throughout the Reno quadrangle 
except along the west border and possibly the northeastern 
comer (the Dixie-Comstock Mine in the northeastern cor
ner of the quadrangle may be an adularia-sericite deposit). 
Characteristics of mining districts containing adularia
sericite vein deposits in the Reno quadrangle are summa
rized in table 2. Adularia-sericite deposits are hosted by 
Oligocene and Miocene volcanic rocks. Deposits dated by 
K-Ar methods on hydrothermal minerals range from about 
23 Ma at Wonder to 7(?) Ma at Como (table 2). Deposits 
older than about 15 Ma only are present in the southern 
and southeastern parts of the quadrangle, although this dis
tribution may be an artifact of the lack of exposure of old
er volcanic rocks throughout much of the northern and 
western parts of the quadrangle. Most deposits are present 
within several kilometers of igneous centers defined either 
by subvolcanic intrusions and (or) dike swarms or unusu
ally thick accumulations of volca..TJ.ic rocks (figs. 9 and 10, 
table 2). However, the role of the igneous centers beyond 
supplying heat to drive hydrothermal systems is unclear 
(for example, Vikre, 1989). Adularia-sericite deposits ap
parently are present in all three volcanic assemblages, al
though the largest deposits are associated with the western 
andesite assemblage (including the Comstock Lode and 
Rawhide deposits), and an unusually large proportion are 
associated with the Kate Peak Formation (table 2). Most 
of the deposits are structurally controlled by high-angle 
faults with veins filling fault zones or cross fractures; to 
date, Rawhide is the only deposit that contains significant 
tonnage of "disseminated" ore that is bulk minable by 
open-pit methods (recent exploration in the Talapoosa and 
Ramsey Mining Districts have defined bulk-minable ore 
bodies, although grade and tonnages have not been re
leased; Nieuwenhuyse, 1991; Larry MacMaster, oral com
mun., 1990). Two dominant vein orientations of north
south (±30°) and east-west (±30°) are evident (table 2). 
Veins typically consist of vuggy, often rhythmically band
ed, quartz+sulfide minerals±chalcedony±calcite±adularia. 
Mineralized zones containing numerous veins may be con
tinuous for more than 5 km along strike and more than 1 
km down dip (Vikre, 1989). Widths of individual mineral
ized zones may be as wide as 30 m as at the Comstock 
Lode (Vikre, 1989), but generally they are much narrower 
(s10 m). Bulk-minable ore at Rawhide consists of zones 
of narrow stockwork quartz+adularia veins (Black and 
others, 1991 ). Wallrock alteration around veins typically 
consists of narrow alteration zones containing of various 
combinations of adularia, sericite, and clay minerals 
(mostly montmorillinite) superimposed(?) on broader areas 
of propylitic alteration (for example, Vikre, 1989; Black 
and others, 1991). Advanced argillic alteration and alunitic 
alteration temporally related to precious-metal mineraliza-
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tion are absent or uncommon. Ore minerals typically con
sist of electrum and a variety of silver sulfide and sulfosalt 
minerals. Base-metal content usually is low, although bo
nanza parts of veins in the Comstock Lode contained up to 
30 weight percent base-metal sulfide minerals, mostly 
sphalerite, galena, and chalcopyrite (Vikre, 1989). Most 
deposits were oxidized and most ore mined from mining 
districts other than Comstock was oxide ore (for example, 
ores in the Wonder Mining District were oxidized to 
depths greater than 650 m; Willden and Speed, 1974). 

Permissive Terranes 

Terranes permissive for undiscovered adularia-sericite 
vein deposits include all areas of Tertiary volcanic rocks 
except isolated exposures of Pliocene to Holocene basalts 
in Carson Sink (pl. 3). We did not exclude any other areas 
of Tertiary volcanic rocks from being permissive for un
discovered deposits, because known deposits are present 
throughout most of the quadrangle in all three volcanic as
semblages, although most deposits are associated with the 
western andesite or interior andesite-rhyolite assemblages 
(table 2). 

Favorable Tracts 

We delineated 21 tracts as favorable for undiscovered 
adularia-sericite vein deposits (tracts 15-35, pl. 3, table 2). 
These tracts include most known deposits and occurrenc
es. Favorable tracts are defined by the presence of known 
deposits, presence of hydrothermal alteration detected ei
ther during field studies or by remote-sensing techniques, 
proximity to igneous centers, and by favorable geochemi
cal signatures in regional stream-sediment and rock 
geochemistry. Several tracts (notably tracts 27 and 30) 
contain few known prospects, although they contain large 
areas of hydrothermal alteration. Tract 27, located between 
the southeastern shore of Lahontan Reservoir and Camp 
Gregory and centered on Red Mountain, includes large ar
eas of silicified and adularized, interbedded fine-grained 
sedimentary rocks and basalts of middle to late Miocene 
age. The southeastern part of this tract was explored dur
ing the early 1980's by Noranda Exploration Inc. and was 
described by Quade and Tingley ( 1987). Here, silicified 
rocks are cut by large numbers of hydrothermal breccias 
that locally contain anomalous amounts of Ag, As, Hg, Pb, 
and Tl. Tract 30 in the southern Stillwater Range consists 
of large areas of hydrothermally altered, locally pyritic, in
tracaldera ash-flow tuff and rhyolite and andesite intru
sions (John, in press). Most of the alteration is propylitic, 
although several large zones of bleaching, localized silici
fication, and localized narrow stockwork quartz ±pyrite 
veins and wider quartz+calcite±pyrite±chalcopyrite veins 
are present. Silicified, hematitic fault breccias also are 
present at several locations. The bleached and silicified 

rocks commonly contain anomalous amounts of As, Hg, 
Mo, Pb, and Tl, and anomalous amounts Ag, Au, Bi, Sb, 
and Snare present locally. 

Quartz-Alunite (Acid-Sulfate) Gold Deposits 

Known Occurrences 

Quartz-alunite (acid-sulfate, alunite+kaolinite±pyro
phyllite) gold deposits are the second principal type of epi
thermal gold-silver deposit present in the Reno quadrangle. 
Small deposits and areas of hydrothermal alteration that 
may represent this type of hydrothermal system are present 
in nine areas in the western part of the quadrangle (table 
2). Hydrothermal alteration and precious- and base-metal 
mineralization are present in upper Oligocene and Miocene 
volcanic rocks, and with the exception of the Pyramid 
Mining District, all are associated with the western ande
site assemblage. Alunite and sericite K-Ar ages range from 
about 22 to 6 Ma (table 2). All known occurrences lie 
within the Walker Lane Belt (see fig. 1). 

Small gold-silver deposits in the Wedekind and Pea
vine Mining Districts (tract 16, pl. 3) are associated with 
advanced argillic and alunitic alteration, have high base
metal contents, and are mostly contained within numerous 
hydrothermal breccia zones that are present in a broad east
west-trending band through the two mining districts (Bon
ham, 1969; Hudson, 1977). Similar types of hydrothermal 
alteration and hydrothermal breccias are present at the 
north end of the Carson Range (tract 17, pl. 3), although no 
precious- or base-metal mineralization is known to be 
present in this area (Hudson, 1983). Silicified zones of 
quartz+alunite+kaolinite±pyrophyllite alteration with scat
tered precious-metal contents are present on the east side of 
the Como Mining District (tract 22, pl. 3) (Russell, 1981; 
P.G. Vikre, oral commun., 1990). Large areas of quartz+a
lunite±pyrophyllite alteration are present in the northern 
Virginia Range from near Virginia City east to the Ramsey 
Mining District (tracts 18, 20, 21, and 24, pl. 3) (White
bread, 1976; Ashley and others, 1979; Vikre and others, 
1988). Alunitic alteration in the Virginia City area predates, 
postdates, and apparently is unrelated to formation of the 
Comstock Lode (Vikre and others, 1988; Vikre, 1989). 
Base-metal rich vein deposits in the Pyramid Mining Dis
trict (tract 15, pl. 3) lack alunitic alteration but contain in
ner alteration zones containing pyrophyllite vein selvages 
(Wallace, 1975). Hydrothermal alteration in all areas except 
the north Carson Range is proximal to inferred igneous 
centers and shallow intrusive rocks (table 2 and fig. 10). 

Permissive Terranes 

Terranes permissive for undiscovered quartz-alunite 
gold deposits include all areas of Tertiary volcanic rocks 
except young (Pliocene to Quaternary) basalts in Carson 
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Sink (unit QTv, pl. 3). We cannot exclude any other areas 
of Tertiary volcanic rocks from being permissive, because 
at the scale of this assessment, there are not adequate cri
teria to distinguish separate permissive terranes for adular
ia-sericite and quartz-alunite deposits and both adularia
sericite and quartz-alunite alteration are present in several 
mining districts. Regionally, quartz-alunite deposits appear 
to be restricted to the Walker Lane Belt, and with excep
tion of the Pyramid Mining District, they only are associ
ated with the western andesite assemblage (Cox and 
others, 1990; Ludington and others, 1990). 

Favorable Tracts 

We delineated eight tracts as favorable for quartz
alunite gold deposits (tracts 15, 16, 17, 18, 20, 21, 22, 24, 
pl. 3). Characteristics of the tracts are summarized in table 
2. The tracts were defined by the presence of known de
posits, areas of hydrothermal alteration containing ad
vanced argillic and (or) hypogene alunitic alteration, and 
proximity to igneous centers (table 2). The tracts are 
equivalent to some of the tracts favorable for adularia-seri
cite deposits. 

Hot-Springs Deposits (Gold and Mercury) 

Known Occurrences 

Active and fossil hot-springs systems are present at 
several localities in the Reno quadrangle. The Steamboat 
Springs system (tract 19, pl. 3) is the most well studied 
active hot-spring system in the quadrangle (for example, 
White and others, 1964; Thompson and White, 1964; 
White, 1968, 1981; Silberman and others, 1979). Other ac
tive hot-springs systems in the Reno quadrangle include 
Brady's, Lee, Walley's, Wabuska, and Patua (also known 
as Hazen) hot springs (Garside and Schilling, 1979). Small 
amounts of mercury are associated with several of these 
hot springs, although there has been little or no production 
from any of them (Bailey and others, in press). 

Hot-springs activity at Steamboat Springs is related to 
several rhyolite domes that White (1968) suggests repre
sent the upper part of a large magma chamber (minimum 
volume of 100 km3). The rhyolitic igneous activity is part 
of the bimodal basalt-rhyolite volcanic assemblage. The 
geothermal system at Steamboat Springs has been active 
for about 3 m.y. (Silberman and others, 1979). Sinter at 
Steamboat Springs generally contains detectable amounts 
of gold and silver, and chemically precipitated muds in ac
tive spring vents contain highly anomalous concentrations 
of gold, silver, mercury, and antimony (White, 1981). Al
though a total of less than 400 flasks of cinnabar have 
been recovered from Steamboat Springs (Silica Pit) Mine 
(Bailey and others, in press), White (1981) considers the 
Steamboat Springs system to represent a modem-day ana-

log of fossil geothermal systems that formed epithermal 
gold-silver deposits throughout the Western United States. 

Fossil hot-springs systems locally containing mercury 
and (or) gold are present in the Castle Peak, Ramsey, Holy 
Cross, Leete, Lake, and Desert Mining Districts, and on 
the southeastern shore of Lahontan Reservoir between the 
reservoir and Camp Gregory (John and Sherlock, 1991). 
The fossil systems are present in rocks of both the western 
andesite and bimodal basalt-rhyolite assemblages, al
though most known systems (both active and fossil) are 
associated with the bimodal basalt-rhyolite assemblage. 
The apparent absence of hot-spring activity in the older 
interior andesite-rhyolite assemblage may reflect (1) the 
lack of igneous centers of the interior andesite-rhyolite as
semblage throughout most of the quadrangle (fig. 9), and 
(2) deep erosional levels of these older volcanic rocks, 
which may have removed any surficial features that were 
present. Mercury mineralization is present in the Castle 
Peak, Holy Cross, and Leete Mining Districts and is de
scribed by Bailey and Phoenix (1944 ), Bailey and others 
(in press), Bonham (1969), Willden and Speed (1974), and 
Quade and Tingley (1987). The Castle Peak Mine in the 
Castle Peak Mining District in the only property that had 
significant mercury production (Bonham, 1969). 

Camp Gregory and the area immediately to the north 
(Red Mountain), as described in the section "Adularia
Sericite (Comstock) Gold-Silver Veins" section, includes 
large areas of silicification and adularia alteration within a 
sequence of interbedded fine-grained sedimentary rocks 
and basalts of middle Miocene age. Both rock types are 
cut by numerous structurally controlled zones of hydro
thermal breccia. Several rhyolite domes are present near 
Camp Gregory, and siliceous sinters are locally present. 
The area of hydrothermal alteration extends about 10 km 
farther northwest than shown by Quade and Tingley 
( 1987, fig. 31) to the southeastern shore of Lahontan Res
ervoir (tract 27, pl. 3). Geochemical analyses reported by 
Quade and Tingley (1987) and analyses of samples col
lected during this study indicate that this area locally con
tains anomalous amounts of Ag, As, Hg, Pb, and Tl, and 
many silicified zones within it contain as much as 60 
weight percent adularia. 

In the Ramsey and Talapoosa Mining Districts (tract 
24, pl. 3), numerous ledges of siliceous sinter deposits and 
silicified ledges of hydrothermal breccia containing sinter 
fragments are present in the middle and upper parts of the 
Kate Peak Formation. The sinters locally contain detect
able gold (Larry MacMaster, oral commun., 1989), and the 
hydrothermal breccia matrix contains adularia and anoma
lous amounts of As, Hg, Sb, and Tl. 

In the Desert Mining District (tract 26, pl. 3), hema
tite-rich hydrothermal breccias cut and overlie silicified 
and argillized rhyolite and andesite on the south and east 
sides of Cinnabar Hill. Samples of hydrothermal breccia 
contain anomalous amounts of As, Hg, and Sb. 
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Permissive Terranes 

As discussed above, we believe that precious-metal
bearing hot-spring systems are shallow level end members 
of adularia-sericite and quartz-alunite type hydrothermal 
systems, and thus, we did not delineate separate areas as 
permissive for hot-spring deposits. 

Porphyry Copper Deposits 

Known Occurrences 

No porphyry copper deposits of Tertiary age are 
known to be present in the Reno quadrangle. One locality, 
the Guanomi Mine on the southwestern edge of Pyramid 
Lake, was described as a possible porphyry copper-molyb
denum system (Bonham, 1969; Prochnau, 1973; Wallace, 
1975; Satkoski and Berg, 1982). Wallace (1975, 1979) and 
Hudson (1977, 1983) have suggested that several areas of 
advanced argillic alteration in Tertiary volcanic rocks may 
represent the upper parts of porphyry copper systems. 

At the Guanomi Mine, hydrothermal alteration and 
low-graqe copper-molybdenum mineralization are associ
ated with a quartz monzonite porphyry stock that intruded 
and hydrothermally altered upper Oligocene ash-flow tuff. 
Most surface alteration is quartz+pyrite+sericite, although 
Prochnau ( 1973) reported potassium feldspar alteration in 
drill holes. Mineralized rock at the Guanomi Mine is limit
ed to stockwork quartz veins containing abundant pyrite 
and minor amounts of molybdenite. Elsewhere, copper and 
molybdenum are widely disseminated, particularly along 
sericitized margins of the stock. A 100-m by 300-m brec
cia zone containing abundant oxidized pyrite is present 
along the southern margin of the stock (Bonham, 1969). 
Nine holes drilled by American Selco, Inc., in 1971-72 
confirmed the presence of large areas of low-grade copper
molybdenum mineralization (0.05 percent Cu and 0.003 
percent Mo) (Prochnau, 1973). Wallace (1975) reported a 
muscovite alteration age of about 24 Ma from a sample 
collected at the Guanomi Mine. 

Wallace (1975, 1979) and Hudson (1977, 1983) sug
gested that three areas of advanced argillic alteration in 
Tertiary volcanic rocks may represent the upper parts of 
unexposed porphyry copper systems. These areas are the 
Pyramid and Pea vine-Wedekind Mining Districts and the 
northern end of the Carson Range just west of Reno (tracts 
15, 16, and 17, pl. 3). All three areas are characterized by 
structurally controlled zones of relatively high temperature 
(~250°C) advanced argillic (pyrophyllite and diaspore) al
teration and local hypogene alunitic alteration. Hydrother
mal alteration is present both in the interior andesite
rhyolite and western andesite assemblages and ranges in 
age from 22 to 11 Ma (table 2; Wallace, 1975; Hudson, 
1983; E.H. McKee, unpub. data, 1990). 

Mineralized areas in the Pyramid Mining District 
(tract 15, pl. 3) consist of precious-metal bearing quartz 
veins that also contain abundant base-metal sulfide and 
sulfosalt minerals (Wallace, 1975, 1979). Vein assemblages 
are concentrically zoned from the center of the district 
outwards from an inner high-sulfidation-state enargite+ 
pyrite±luzonite assemblage through a medial sphalerite 
+galena+tetrahedrite+pyrite+chalcopyrite+bornite assem
blage to an outer lower sulfidation-state galena+pyrite 
assemblage. Metal zoning is also present in vein assem
blages-the inner veins are Cu-rich and Pb-poor, whereas 
more distal veins are Pb-rich and Cu-poor. Hydrothermal 
alteration is also zoned-the innermost quartz veins con
tain inner pyrophyllite±diaspore and outer sericite alter
ation envelopes, whereas more distal veins only contain 
sericite vein envelopes. Wallace (1975, 1979) noted that 
zoning patterns of hydrothermal alteration, sulfidation state 
of vein assemblages, and metals in the Pyramid Mining 
District are similar to zoning patterns in these features 
present in the upper levels of porphyry copper deposits 
elsewhere, and he suggested that a porphyry copper 
system may underlie the center of the Pyramid Mining 
District. 

The Peavine and Wedekind Mining Districts (tract 16, 
pl. 3) contain numerous east-west trending hydrothermal 
breccia zones commonly developed in intrusions of the 
Kate Peak Formation (Bonham, 1969; Hudson, 1977). Hy
drothermal alteration is concentrically zoned around the 
hydrothermal breccias and grades from inner quartz+al
unite+diaspore+pyrite assemblages through quartz+pyro
phyllite+diaspore+dickite+pyrite and quartz+sericite+py
rite assemblages to outer propylitic assemblages (Hudson, 
1977). Ore consists of disseminated sulfide minerals, brec
ciated quartz veins, and hydrothermal breccia matrix and 
is present in intrusions related to the Kate Peak Formation, 
Tertiary diorite stocks, and surrounding Mesozoic wall
rocks. Pyrite is the dominant sulfide mineral with less 
abundant chalcopyrite, enargite, tetrahedrite, galena, and 
sphalerite. Argentite also is present in the Peavine Mining 
District (Bonham, 1969). Past production has been mostly 
silver and gold from oxidized zones (Bonham, 1969), but 
Hudson (1977) noted the similarity between deposits in 
the Peavine and Wedekind Mining Districts and the El 
Salvador, Chi.le, porphyry copper deposit (Gustafson and 
Hunt, 1975), and Wallace (1979) suggested that the Pea
vine and Wedekind Mining Districts may represent the up
per parts of a porphyry copper system. 

An area in the northern Carson Range (tract 17, pl. 3) 
contains hydrothermal breccia zones in the Kate Peak For
mation (Hudson, 1983). Hydrothermal alteration is con
centrically zoned around the breccias from inner alunitic 
alteration to advanced argillic (pyrophyllite), illitic, and 
argillic alteration to outer propylitic alteration. No base- or 
precious-metal enrichment is associated with surface ex-
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pressions of this alteration (Hudson, 1983), although the 
Wheeler Ranch mercury prospect is nearby. 

Permissive Terranes 

We limited terranes permissive for Tertiary porphyry 
copper deposits to known areas of high-temperature, ad
vanced argillic alteration and the area around the Guanomi 
stock. Four of these areas (Guanomi Mine, Pyramid Min
ing District, Peavine and Wedekind Mining Districts, and 
northern Carson Range, tracts 15, 16, 17, 36, pl. 3) are 
described in the preceding section. A fifth area is present 
on the east side of the Como Mining District (tract 22, pl. 
3) where silicified ledges containing alunite, pyrophyllite, 
diaspore, and kaolinite and scattered precious metals are 
present (P.G. Vikre, oral commun., 1990; Russell, 1981). 
Three areas between the Comstock and Ramsey Mining 
Districts in the northern Virginia Range (tracts 18, 20, and 
24, pl. 3) containing numerous ledges and areas of 
alunite+pyrite±pyrophyllite±diaspore±kaolinite alteration 
are developed in intermediate composition lavas of the 
Alta and Kate Peak Formations (Thompson, 1956; Rose, 
1969; Whitebread, 1976; Ashley and others, 1979; Vikre 
and others, 1988; Vikre, 1989) are also considered permis
sive for porphyry copper deposits. 

Deeply buried Tertiary porphyry copper deposits 
could be present nearly anywhere in the quadrangle where 
Tertiary volcanic rocks of the western andesite or interior 
andesite-rhyolite assemblages are exposed or are inferred 
to underlie rocks of the bimodal basalt-rhyolite assem
blage. However, because disseminated copper ore is 
present hundreds to thousands of meters beneath areas of 
advanced argillic and alunitic alteration in known porphy
ry copper deposits (for example, Gustafson and Hunt, 
1975; Com, 1975), the absence of these types of hydro
thermal-alteration assemblages in surface exposures of 
Tertiary volcanic rocks elsewhere in the quadrangle pre
cludes the possibility of currently exploitable copper re
sources being present within 500 m of the surface, the 
depth limit used in this assessment. Thus, terranes permis
sive for Tertiary porphyry copper deposits were limited to 
areas of known advanced argillic and (or) alunitic alter
ation (tracts 15, 16, 17, 18, 20, 22, and 24, pl. 3) and the 
Guanomi stock (tract 36, pl. 3). 

Favorable Tracts 

We did not delineate any areas as favorable for the 
presence of Tertiary porphyry copper deposits, because of 
the uncertainty that any of the areas of advanced argillic 
and alunitic alteration in the western part of the Reno 
quadrangle are actually related to a large porphyry-type 
hydrothermal system. Also, if disseminated copper is 
present within any of the permissive terranes, it is likely to 

be present at depths greater than 500 m. The area around 
the Guanomi stock is not considered favorable because the 
area has been extensively but unsuccessfully explored. 

Zinc-Lead and Copper Skarn Deposits 

Known Occurrences 

Two skarn deposits are associated with Oligocene 
plutons in the IXL and White Cloud Mining Districts in 
the Stillwater Range. Published descriptions (Vanderburg, 
1940; Schrader, 1947; Willden and Speed, 1974) and 
geochemical analyses of samples collected in this study 
suggest that these deposits are transitional between copper 
and zinc-lead skarns (Einaudi and others, 1981; Cox, 
1986g). The Copperaid Mine in the White Cloud Mining 
District reportedly was a copper skarn prospect, although 
the description of underground workings by Vanderburg 
(1940) suggests that significant amounts of Zn, Pb, and Ag 
were present in addition to a body of specular hema
tite+chalcopyrite. Both types of mineralization are present 
in skarn zones that replace Triassic marble along the mar
gins of a granite porphyry stock. The Mottini Mine and 
other prospects in the IXL Mining District consist of mag
netite+garnet+pyroxene skarn formed in Triassic marble 
along the margins of a granodiorite pluton. The skarns 
contain a variety of base metals including Fe, Pb, Zn, Cu, 
W, and locally high amounts of Ag (D.A. John and G.B. 
Sidder, unpub. data, 1987). Schrader (1947) also reported 
very high gold grades, but the presence of gold could not 
be confirmed (see "Gold-bearing Skarn Deposits" section). 

Permissive Terranes 

Terranes permissive for zinc-lead and copper skarn 
deposits include all terranes containing Mesozoic carbon
ate rocks (Jungo, Paradise, Sand Springs, and Pine Nut 
terranes and Marble Butte rocks) and are the same as 
those permissive for polymetallic replacement deposits (pl. 
2). Zinc-lead skarn deposits generally are present distal to 
shallowly emplaced felsic plutons, although exposures of 
intrusive rocks may be very small or absent (Einaudi and 
others, 1981). Copper skarns generally form proximal to 
shallowly emplaced, felsic to mafic granitic intrusions, al
though copper skarns in the Yerington Mining District 
formed several kilometers distant from the margins of the 
Yerington batholith (Einaudi, 1982). Thus, the absence of 
exposed or inferred Tertiary intrusive rocks in large parts 
of the permissive terranes does not preclude them from 
being permissive for zinc-lead or copper skarn deposits. 

Favorable Tracts 

Two tracts are favorable for undiscovered zinc-lead 
and copper skarn deposits (tracts 13 and 14, pl. 2 and table 6). 
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Both areas contain Triassic carbonate rocks locally intrud
ed by Tertiary granite and granodiorite plutons. Polymetal
lic replacement deposits are present in the Chalk Mountain 
and Westgate Mining Districts (tract 14, pl. 2) and may be 
present in the White Cloud Mining District (Vanderburg, 
1940) and copper and (or) zinc-lead skarn deposits are 
present in the IXL and White Cloud Mining Districts (tract 
13, pl. 2). 

Polymetallic Replacement Deposits 

Known Occurrences 

Polymetallic (silver, lead, and zinc) replacement de
posits are present in the Chalk Mountain and Westgate 
Mining Districts near the east edge of the Reno quadrangle 
(Vanderburg, 1940; Schrader, 1947; Bryan, 1972; Willden 
and Speed, 1974). The deposits are present in Triassic car
bonate rocks several hundred meters distant from the mar
gins of a composite Oligocene granite-granodiorite pluton. 
Mineralized rock consists of gossaneous quartz, calcite, 
and iron oxides occurring as veins and irregular replace
ment of limestone and dolomite (Bryan, 1972). Calc-sili
cate minerals are absent in mineralized zones. Ore minerals 
consist of secondary lead, zinc, and silver minerals and 
argentiferous galena (Vanderburg, 1940; Bryan, 1972). Sul
fide minerals have been oxidized to the bottom of the 
deepest workings (Bryan, 1972). Narrow magnetite-rich 
skarn zones are present along the margin of the pluton, and 
epidote-rich endoskarn is developed locally within the plu
ton. Small polymetallic vein and (or) replacement deposits 
generally similar to occurrences at Chalk Mountain also 
are present in the Westgate Mining District about 3 km east 
of Chalk Mountain (Bryan, 1972). 

Polymetallic replacement deposits also may be present 
in the White Cloud Mining District. Description of under
ground workings in the White Cloud Mining District by 
Vanderburg ( 1940) suggests that polymetallic replacement 
and (or) zinc-lead skarn deposits are present around the 
margin of a Oligocene granite porphyry stock (White 
Cloud Canyon pluton) in addition to specular hema
tite+chalcopyrite skarn. 

Permissive Terranes 

Terranes permissive for the occurrence of polymetallic 
replacement deposits include all terranes containing Meso
zoic carbonate rocks and consist of the Jungo, Paradise, 
Sand Springs, and Pine Nut terranes and Marble Butte 
rocks. The permissive terranes are the same as terranes 
permissive for zinc-lead and copper skarn deposits (pl. 2). 

Favorable Tracts 

Two tracts are favorable for undiscovered polymetal
lic replacement deposits (tracts 13 and 14, pl. 2 and table 

6). Both areas contain Triassic carbonate rocks that are lo
cally intruded by Tertiary granite and granodiorite plutons. 
Polymetallic replacement and vein deposits are present in 
the Chalk Mountain and Westgate Mining Districts (tract 
14, pl. 2) and may be present in the White Cloud Mining 
District (Vanderburg, 1940) (tract 13, pl. 2). Polymetallic 
veins are present in the IXL pluton (tract 30, pl. 3) and 
copper and (or) zinc-lead skarn deposits are present in the 
White Cloud and IXL Mining Districts (tract 13, pl. 2). 

Gold-Bearing Skarn Deposits 

No gold-bearing skarn deposits as defined by The
odore and others ( 1991) are known to be present in the 
Reno quadrangle. One skarn occurrence mentioned by 
Theodore and others (1991), the Mottini Mine in the IXL 
Mining District, reportedly contained very high gold 
grades (average gold grade >600 ppm based on production 
figures given in Schrader (194 7) ). However, analyses re
ported by Vanderburg (1940) and analyses of about 20 
samples collected from old workings as part of this project 
did not contain the high gold grades reported by Schrader 
(1947); in fact, most samples contain less than 0.05 ppm 
gold and the maximum gold content is only 0.70 ppm 
(Vanderburg, 1940; D.A. John and G.B. Sidder, unpub. 
data, 1987). Chemical analyses of samples from the IXL 
Mining District suggest that the Mottini Mine and other 
mineral occurrences in the district should not be consid
ered gold-bearing skarns, but rather copper and (or) zinc
lead skarn and polymetallic replacement deposits. The ab
sence of recent workings in IXL Mining District also sug
gests that production figures quoted in Schrader (1947) are 
erroneous. 

Permissive Terranes 

Terranes permissive for gold-bearing skarn deposits 
(pl. 2) include all terranes that are permissive for other 
types of Mesozoic and Tertiary skarn deposits. We did not 
delineate separate permissive terranes for gold-bearing 
skarns, because we lack adequate criteria to separate ter
ranes that are not permissive for gold-bearing skarns. De
tailed studies of the Fortitude and McCoy gold-bearing 
skarn deposits, Nevada suggest that gold-bearing skarns 
may be genetically related to reduced granitic rocks (that 
. I F 3+/F Z+ . M d . IS, ow e e ratios; yers an Memert, 1990; Brooks 
and Meinert, 1990). In the Reno quadrangle, chemical 
analyses of the White Cloud and IXL plutons and the 
Davidson Granodiorite suggest that exposed Tertiary gran
itoids are relatively oxidized (Fe3+ /Fe2+ =0.80-1.24 by 
weight; Thompson and White, 1964; Lee, 1984; John, 
1992), and the absence of known gold-bearing skarns 
might be related to this trait. However, analysis of world
wide occurrences of gold-bearing skarns by Theodore and 
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others ( 1991) indicates that there are no unique character
istics that allow distinction of gold-bearing skams from 
other types of skams. Thus, we consider all areas that are 
permissive for the occurrence of tungsten, copper, iron, 
and lead-zinc skams to be permissive for gold-bearing 
skams (pl. 2). In the Reno quadrangle, these areas consist 
of all terranes containing calcareous horizons (particularly 
carbonate units) and only metavolcanic terranes and the 
Humboldt complex are excluded. 

Favorable Tracts 

No favorable tracts for gold-bearing skarn deposits 
were delineated, because there are no known gold-bearing 
skams in the quadrangle and adequate criteria needed to 
distinguish favorable areas are not available. 

Volcanogenic and Sandstone Uranium Deposits 

Numerous uranium occurrences and small deposits 
are present in Tertiary volcanic and volcaniclastic rocks in 
Washoe County in the northwestern part of the Reno 
quadrangle (McJannet, 1957; Bonham, 1969; Garside, 
1973; Hutton, 1978; Benham, 1982; Hurley and others, 
1982). Hurley and others (1982) evaluated the potential 
for uranium deposits in the Reno quadrangle as part of the 
NURE Program and provided maps showing areas favor
able for uranium deposits in the Reno quadrangle. Most 
uranium occurrences fall into one of two types: ( 1) vein or 
fracture fillings primarily hosted by rhyolite ash-flow tuff 
(corresponding to hydroallogenic deposits of Hurley and 
others, 1982), and (2) "disseminated" deposits commonly 
present in carbonaceous horizons in volcaniclastic or sedi
mentary units at or near the base of the Tertiary volcanic 
section (corresponding to Wyoming roll-type and uncon
formity-related hydroallogenic deposits of Hurley and oth
ers, 1982). These deposit types generally correspond to the 
volcanogenic uranium and sandstone uranium models de
scribed by Bagby (1986) and Turner-Peterson and Hodges 
( 1986), respectively. Total uranium production from all de
posits in the Reno quadrangle is estimated at about 6,000 
pounds and is primarily from the Buckhorn Mine, located 
along the California-Nevada border north of Reno (pl. 4; 
Garside, 1973). Uranium at the Buckhorn Mine is present 
in northeast-striking, iron-stained, siliceous veinlets in Ter
tiary ash-flow tuff that is faulted against Cretaceous granit
ic rocks (Bonham, 1969; Garside, 1973). 

Permissive Terranes and Favorable Tracts 

Terranes permissive for uranium deposits in Tertiary 
rocks are shown on plate 4. We slightly modified the map 
of Hurley and others (1982, pl. 1) that shows areas favor
able for uranium deposits. Hurley and others (1982) limit-

ed areas favorable for sedimentary uranium deposits 
(herein equated with sandstone uranium deposits) to Warm 
Springs, Hungry, and Spanish Springs Valleys, and they 
limited areas favorable for hydroallogenic deposits (herein 
equated with volcanogenic uranium deposits) to exposures 
of Tertiary volcanic rocks on Petersen, Seven Lakes, and 
Dogskin Mountains, in the Virginia Mountains, in the Pah 
Rah Mountain area, and in the southern Nightingale Min
ing District (pl. 4). 

We consider all permissive terranes (pl. 4) as favor
able for sedimentary or volcanogenic uranium deposits, 
because of the many small uranium deposits or occurrenc
es present in these areas and geochemical anomalies and 
other positive indications of the presence of uranium min
eralization within these areas as discussed by Hurley and 
others ( 1982). 

Other Deposits 

Several other types of metallic mineral deposits and 
occurrences of Tertiary age are present in the Reno quad
rangle. These include polymetallic vein, epithermal man
ganese, and placer gold deposits (John and Sherlock, 
1991). Deposits or occurrences of these types are general
ly small, and at the present time, they are of little econom
ic interest. Many occurrences have not been described in 
detail, which precludes adequate characterization needed 
to delineate permissive terranes and favorable tracts for 
undiscovered occurrences. Thus, only brief descriptions of 
the known occurrences are included herein. 

Polymetallic Vein Deposits 

The Creore Mine in the IXL Mining District is the 
only polymetallic vein deposit of demonstrable Tertiary 
age. Other known polymetallic vein occurrences are 
present in pre-Tertiary rocks and most appear to be of Me
sozoic age. The Creore Mine is a silver-bearing quartz 
vein that cuts the Oligocene IXL pluton. The vein contains 
galena, sphalerite, and secondary copper minerals, and it 
has a small recorded production of Ag, Pb, Cu, and Zn. 

Epithermal Manganese Deposits 

Two epithermal manganese occurrences are present in 
the Reno quadrangle (pl. 3) at the Dixon Mine in the 
northern Pine Nut Mountains (Moore, 1969) and at the 
Bullion Prospect in the Holy Cross Mining District 
(Schrader, 1947). Both are manganese-rich shear zones in 
Tertiary ash-flow tuff. Ore at the Dixon Mine also contains 
high tungsten content and may be similar to tungsten-man
ganese-bearing ore mined at the Golconda Mine, Hum
boldt County, Nevada (Stager and Tingley, 1988). The 
Bullion Prospect reportedly had small production, approxi
mately 100 tons, in 1918 (Schrader, 1947). 

Mineral Deposits of Tertiary Age 47 



Placer Gold Deposits 

Several placer gold deposits and prospects are scat
tered throughout the Reno quadrangle (John and Sherlock, 
1991). None of the placer gold occurrences produced sig
nificant amounts of gold. 

NONMETALLIC MINERAL RESOURCES 

Nonmetallic mineral resources in the Reno quadrangle 
include industrial minerals (sand and gravel, aggregate, 
limestone, diatomite, gypsum, salt, clay, borax, and fluor
spar) and geothermal energy. Oil and gas resources are not 
present in the Reno quadrangle. Although these resources 
were not explicitly studied as part of the Reno CUSMAP 
project, brief descriptions are included herein of known 
nonmetallic mineral resources in the quadrangle based on 
published data. Locations of known occurrences and depos
its of nonmetallic mineral resources are shown on plate 4. 

Large deposits of sand and gravel, limestone (for ce
ment), diatomite, and gypsum are present in the Reno 
quadrangle (Castor, 1990). Sand and gravel quarries near 
Reno including the Patrick Pit about 15 km east of Reno 
in the Truckee River canyon, diatomite deposits near Fern
ley, and freshwater Miocene or Pliocene limestone and 
tufa deposits south of Fernley that are mined for use in 
making cement are among the most productive nonmetal
lic deposits in the quadrangle. Other industrial minerals 
mined in the past few years include small amounts of gyp
sum near Carson City, salt (for road salt) at the Huck Salt 
Mine on Carson Lake, lightweight aggregate (pumice) at 
Washington Hill near Reno, and clay minerals near 
Wabuska (pl. 4; Castor, 1990). Other types of industrial 
minerals present in the Reno quadrangle include bentonite, 
soda, borate minerals, perlite, fluorspar, perlite, cinder, and 
building stone (pl. 4). Additional descriptions of industrial 
minerals present in the Reno quadrangle are given by 
Archbold ( 1969), Papke ( 1969), and Willden and Speed 
(1974). 

Six geothermal powerplants were operating in the 
Reno quadrangle in 1989 (pl. 4): Desert Peak near Brady's 
Hot Spring, Soda Lake northwest of Fallon, Steamboat 
and Yankee/Caithness at Steamboat Springs, Stillwater 
east of Fallon, and Wabuska at Wabuska (Hess and Gar
side, 1990). In addition, the Fallon Naval Air Station was 
planning to construct a powerplant and the large Oxbow 
Geothermal powerplant recently opened in Dixie Valley 
just north of the Reno quadrangle. Geothermal energy also 
is used to heat houses in the Reno and Carson City areas 
and for agricultural purposes at Wabuska and Brady's Hot 
Springs. Additional data on geothermal resources are giv
en by Garside and Schilling (1979). 

No oil and gas resources are known to be present in 
the Reno quadrangle. Although shallow water wells near 

Fallon have been known to produce small amounts of oil 
and natural gas since at least 1911 or 1912 (Gale, 1913; 
Willden and Speed, 1974), no commercially exploitable 
quantities of oil and gas have been found to date. Explora
tion for oil took place in the early 1970's in the Carson 
Sink-it included drilling of one deep (3,353 m) well 
(Hastings, 1979). Results were not encouraging, and it was 
concluded that, although oil seeps are present locally and 
large volumes of "organic oil-prone source rocks" are 
present, subsurface temperatures are too low to generate 
significant amounts of oil (Hastings, 1979). 
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TABLES 1-6 





Table 1. Types of mineral deposits and occurrences in the Reno 1 o by 2° quadrangle, Nevada and California 

Deposit type 

Porphyry copper -------------------------------------
Porphyry copper alteration ------------------------
Low-fluorine porphyry molybdenum--------------

Copper skarn------------------------------------------
Tungsten skarn ---------------------------------------
Iron skarn-----------------------------------------------
Iron endoskarn-----------------------------------------
Polymetallic replacement --------------------------
Polymetallic vein------------------------------------
Adularia-sericite gold-silver -----------------------
Quartz-alunite gold-----------------------------------
Hot-spring gold --------------------------------------
Hot -spring mercury ----------------------------------
Epithermal manganese------------------------------
Simple antimony-------------------------------------
Sediment-hosted gold-------------------------------
Volcanogenic uranium ------------------------------
Sandstone uranium-----------------------------------
Pegmatitic uranium ----------------------------------
Scheelite vein------------------------------------------
Placer gold----------------------------------------------
Basaltic copper---------------------------------------
Quartz-copper (bomite)-gold-tourrnaline veins 

Reference(s) 

Gustafson and Hunt (1975); Cox (1986b). 
Gustafson and Hunt (1975); Wallace (1979). 
Westra and Keith (1981); Mutschler and others 

(1981); Theodore (1986). 
Einaudi and others (1981); Cox and Theodore (1986). 
Einaudi and others (1981); Cox (1986d). 
Einaudi and others (1981); Cox (1986a). 
Einaudi and others (1981). 
Morris ( 1986). 
Cox (1986c). 
Heald and others (1987); Singer and Berger (1986). 
Heald and others (1987); Berger ( 1986a). 
Berger and Eimon (1983); Nelson (1988). 
Rytuba (1986). 
Mosier (1986). 
Bliss and Orris (1986). 
Berger (1986c ). 
Bagby (1986). 
Turner-Peterson and Hodges (1986). 
See text. 
Cox and Bagby ( 1986). 
Yeend (1986). 
Cox (1986e). 
See text. 
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Table 2. Characteristics of tracts containing or favorable for epithermal gold-silver deposits in the Reno 1 o by 2° quadrangle, 

[Criteria used for delineating tract boundaries: 1, presence of mines and prospects; 2, presence of igneous centers and (or) intrusions; 3, hydrothermal 
6, published descriptions. Volcanic assemblages: IA, interior andesite-rhyolite assemblage; WA, western andesite assemblage; BM, bimodal basalt-

Tract no. District and (or) area 
(pl. 3) 

21 Comstock District ---------

22 Como District---------------

23 Olinghouse District--------

24 Ramsey District ------------

24 Talapoosa District ---------

24 Gooseberry Mine, 
Ramsey District. 

25 Jessup District--------------

27 Camp Gregory/Red 
Mountain area. 

28 Holy Cross District 
(Terrill Mountains area) 

30 Southern Stillwater Range 
area. 

31 Wonder District-------------

32 Sand Springs District------

33 Fairview District-----------

33 Bell Mountain Mine, 
southern Fairview 
District. 

34 Rawhide Mine, Regent 
District. 

35 Broken Hills District------

15 Pyramid District------------

16 Wedekind District----------

16 Pea vine District------------

17 Northern Carson Range 
area. 

18 Washington Hill area------

20, 21 Geiger Grade area and 
Comstock District. 

22 Como District---------------

24 Ramsey District ------------

18 Washington Hill area------

19 Steamboat Springs 
District. 

20 Castle Peak District--------

24 Ramsey District------------

26 Desert District --------------

27 Camp Gregory/ Red 
Mountain area. 

29 Holy Cross District 
(Cinnabar Hill area). 

1 of Axelrod (1956) 

Delineating 
criteria 

1, 2, 3, 6 

1, 2, 3, 4, 6 

1, 3, 6 

1, 2, 3, 4, 5, 6 

1, 2, 3, 4, 5, 6 

1, 2, 3, 6 

1, 3, 4, 5, 6 

1, 2, 3, 4, 5, 6 

1, 3, 4, 6 

1, 2, 3, 4, 5 

1, 2, 3, 6 

1, 6 

1, 2, 3, 4, 5, 6 

1, 6 

1, 2, 3, 4, 6 

1, 6 

1, 2, 3, 6 

1, 2, 3, 6 

1, 2, 3, 6 

3, 6 

2, 3, 6 

2, 3, 6 

1, 2, 3, 4, 5, 6 

1, 2, 3, 4, 5, 6 

2, 3, 6 

2, 3, 6 

1, 2, 3, 6 

1, 2, 3, 4, 5 

1, 4, 5, 6 

1, 2, 3, 4, 5, 6 

1, 3, 4, 5, 6 

Age of host rocks and volcancic 
assemblage 

Miocene; WA (Kate Peak Fm.)-------------

Age of mineralization and(or) alteration 
and method or material dated 
Tracts containing adularia-sericite 

13.7 Ma, K-feldspar -------------------------

Miocene; WA (Kate Peak Fm.)------------- 7(?) Ma, K-feldspar --------------------------

Miocene; BM? (Chloropagus Fm.)1______ -13 Ma, regional relations----------------

Miocene; W A (Kate Peak Fm.)------------- 10.8 Ma, K-feldspar ------------------------

Miocene; W A (Kate Peak Fm.)------------- 10.8 Ma, K-feldspar ------------------------

Miocene; W A (Kate Peak Fm.)------------- 10.3 Ma, K-feldspar -------------------------

Miocene; BM(?) ------------------------------ Miocene? --------------------------------------

Miocene; BM --------------------------------- Miocene----------------------------------------

Oligocene or Miocene; lA(?)--------------- -21 Ma, regional relations-----------------

Oligocene; lA --------------------------------- 28-24 Ma, regional relations--------------

Oligocene or Miocene; lA------------------ 22.2-23.0 Ma, K-feldspar------------------

Oligocene or Miocene; W A(?)------------

Oligocene or Miocene; lA(?)---------------

Oligocene or Miocene; lA ------------------

Miocene; W A---------------------------------

Oligocene or Miocene; lA ------------------

Oligocene to Miocene; lA -----------------

Oligocene to Miocene; W A (Alta? Fm.)-

Miocene; WA (Alta? Fm.) ------------------

Miocene; WA (Kate Peak Fm.)-------------

Miocene; W A (Kate Peak Fm.)------------

Miocene; WA (Alta? Fm.) ------------------

19-19.5 Ma, K-feldspar -------------------

Oligocene or Miocene-----------------------

Miocene?--------------------------------------

15.7 Ma, K-feldspar -------------------------

Oligocene or Miocene-----------------------

Tracts containing quartz-alunite 
21.3 Ma, sericite-----------------------------

16.3 Ma, alunite------------------------------

14.5-13.1 Ma, alunite----------------------

11.4-11.2 Ma, alunite----------------------

12-9 Ma, alunite, sericite------------------

17-14 Ma, alunite, sericite----------------

Miocene; W A (Kate Peak Fm. )------------- 6 Ma, alunite---------------------------------

Miocene; WA (Kate Peak Fm.)------------- 9.3 Ma, alunite-------------------------------

Tracts containing 
Miocene; W A (Kate Peak Fm.)------------- Miocene---------------------------------------

Micoene to Holocene; BM ----------------- -3 Ma-present, fresh rocks----------------

Miocene; W A (Kate Peak Fm.)------------- Miocene---------------------------------------

Miocene; W A (Kate Peak Fm.)------------- -10 Ma, regional relations----------------

Miocene(?); BM(?)--------------------------- Miocene(?) -----------------------------------

Miocene; BM --------------------------------- Miocene----------------------------------------

Oligocene or Miocene; lA(?)--------------- Miocene(?)------------------------------------
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Nevada and California 

alteration detected by remote sensing studies; 4, hydrothermal alteration detected by field studies; 5, geochemistry of hydrothermally altered rocks; 
rhyolite assemblage] 

Control I i ng structu re(s) Associated intrusive rocks 

vein deposits 

NNE-striking Comstock and Occidental Dacite dome ---------------------------------
Faults; NW -striking Silver City Fault. 

Veins trending NE andN-S along faults-------- Andesite and dacite intrusions-----------

NE-striking faults---------------------------------- Felsic dikes along faults-----------------

WNW -striking fault-------------------------------- Rhyolite domes----------------------------

Faults striking E-W and NW ---------------------- Dacite dome --------------------------------

WNW -striking fault-------------------------------- Rhyolite dome------------------------------

Margins of rhyolite domes----------------------- Rhyolite dome-----------------------------

Faults striking N. 60° E. and hydrothermal Rhyolite dome-----------------------------
breccia zones. 

References 

Bonham (1969); Vikre (1989). 

Russell (1981); J.H. Stewart (unpub. 
data, 1989); this report. 

Geasan (1980). 

Rose (1969). 

Rose (1969); Nieuwenhuyse (1991 ). 

Rose (1969). 

Willden and Speed (1974). 

Quade and Tingley (1987); this report. 

NNW-trending veins along faults--------------- Intermediate dikes and domes------------ Satkowski and others (1985); Quade and Tihgely 
(1987); R.F. Hardyman, unpub. data, 1990. 

E-W-trending veins along faults; Granodiorite stock (IXL pluton), John and Silberling (in press); John (in press). 
low-angle normal faults. andesite dikes, rhyolite domes. 

Fault/shear zone striking N. 25o W.------------ Rhyolite-dacite dome---------------------- Willden and Speed (1974); Quade and Tingley 
(1987). 

WNW -trending veins------------------------------ Dacite domes-------------------------------- Page ( 1965); Willden and Speed (197 4 ). 

NW-trending veins along faults?---------------- Dacite dome--------------------------------- Willden and Speed (1974); Quade and Tingley 
(1987). 

E-W-trending vein--------------------------------- None known--------------------------------- Schrader (1947); Willden and Speed (1974). 

NW-striking fault; N- toNE-trending Rhyolite dome------------------------------ Black and others (1991). 
fractures. 

Veins trending N. 30° W. along faults--------- None known--------------------------------- Schrader (1947). 

vein deposits or quartz-alunite alteration 
W- to NW -striking faults------------------------- Granodiorite stock (Guanomi stock)--- Wallace ( 1975); Bonham ( 1969). 

E-W and N-S trending hydrothermal Quartz diorite stocks----------------------- Hudson (1977); Bonham (1969). 
breccia zones. 

E-W and N-S trending hydrothermal Diorite stock-------------------------------- Hudson (1977); Bonham ( 1969). 
breccia zones. 

N-S and E-W to ENE striking faults------------- None known--------------------------------- Hudson (1983). 

Unknown -------------------------------------------- Rhyolite dome------------------------------ Vikre and others ( 1988); Margolis ( 1991 ). 

Unknown-------------------------------------------- Davidson Granodiorite-------------------- Whitebread (1976); Vikre and others (1988). 

NW -trending veins along faults----------------- Andesite/dacite intrusions---------------- Russell (1981 ); P.G. Vikre (oral commun., 1990). 

Unknown-------------------------------------------- Rhyolite domes----------------------------- Vikre and others (1988); Rose (1969). 

hot-spring systems 
Faults striking N-S--------------------------------- Rhyolite dome------------------------------ Bailey and Phoenix (1944); Bonham (1969). 

NE-striking faults and domes-------------------- Rhyolite domes----------------------------- White (1981); Silberman and others (1979). 

N -S striking faults --------------------------------- None------------------------------------------ Bonham, 1969. 

Unknown, possibly WNW-striking faults---- Dacite and rhyolite intrusions----------- this report. 

Unknown -------------------------------------------- None known--------------------------------- Bailey and others ( 1991 ); this report. 

NE- and NNW -striking faults--------------------- Rhyolite dome------------------------------ Quade and Tingley ( 1987); this report. 

NW-striking shear zones------------------------- Rhyolite dome------------------------------ Quade and Tingley (1987). 
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Table 3. Geochemical anomalies detected in stream-sediment samples in the Reno 1 o by 2° quadrangle, Nevada and California 

[ ---, no deposits or commodities known to be present] 

Anomaly number Location Deposit types present Commodities present 
(fi . 13) 

2 
3 
4 
5 

6 

7 

8 

9 
10 
11 
12 
13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

Anomalies associated with mining districts and (or) prospects 

Regent District--------------- W skarn, adularia-sericite W, Cu, Ag, Au, 

Regent District --------------
Holy Cross District ---------
Como District ---------------
Steamboat Springs and 
Galena Districts. 

Au-Ag. Au, Ag, Hg. 
Adularia-sericite Au-Ag -- Au, Ag, Hg -----------------
Adularia-sericite Au-Ag -- Au, Ag, Ph, Fe, Zn. --------
Adularia-sericite Au-Ag -- Ag, Au, Cu------------------
Hot-spring Hg, Hg, Au, Ag, Sb, 

polymetallic vein, Ph, Zn, Ag, Au, 
W skarn. Cu, W. 

Comstock District ----------- Adularia-sericite Au-Ag -- Ag, Au, Cu, Pb, Zn, Fe----

Mountain Wells District---- Scheelite vein, 
polymetallic vein, 

IXL District (Mottini 
Mine). 
Cox Canyon District--------
Olinghouse District---------
Unnamed district------------
Pyramid District ------------
Desert District----------------

Shady Run District 
(White Cloud Canyon). 

low-F porphyry Mo. 
Cu skarn---------------------

Adularia-sericite Au-Ag -
Copper prospect-----------
Volcanogenic U -----------
Polymetallic vein, 

hot-springs Hg. 
Cu skarn---------------------

Peavine District -------------- Quartz-alunite Au, 
o h Cu. 

W,Mo, 
Ag, Cu, Ph, Bi, Mo. Sb, 
Mo, Ag, Pb, Bi. 

Au, Ag, Pb, Cu 

Au, Ag, Pb, Cu ------------
Ag, Au, Cu------------------
Cu ---------------------------
U -----------------------------
Au, Ag, Cu, Ph, 

Hg, Au, As. 
Fe, Cu, Au ------------------

Au, Ag, Cu, Ph, Zn --------

Anomalies not associated with mining districts or prospects 

East side of Lake Tahoe ----

Red Rock Valley------------
West side of Pyramid 
Lake. 
Southwest of Spanish 
Springs Peak. 
Southeastern side of Hot 
Springs Mountains. 
Dixie Valley north of 
IXL Canyon. 
Dixie Valley, Louderback 
Mountains, Fairview Peak. 
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Geochemical anomalies 

Sb, Ag, W, Cu; 
Te, Bi, La. 

Sb, As, Be. 
Sb, As, Ph. 
Au, Ag, Sb. 
Hg,Ag,Pb. 

Au, Hg, As, Sb; 
Ag, Mo, W, Ph; 
Zn, Ba, Te, La. 

As, Mo, Be, Sb; 
W, Cd, Zn, Bi; La. 

As, Ag, W, Be; Cd, Zn, 
Ba, Ni; Bi, Sn, F, La. 

As. 
Au. 
Co, Cr, Ni. 
Be. 
As, Sb, Te. 

As, Sb. 

Te,Pb, Zn. 

As, Sb, Ag, Mo, W, Pb, 
Cd,Zn. 

Be. 
Co, Cr, Ni. 

Co, Cr, Ni, Zn. 

Co, Cr, Ni. 

As, Ag, Be, Ni. 

Be. 



Table 4. Characteristics of tracts favorable for Mesozoic porphyry copper and copper and iron skarn deposits in the Reno 1 o by 2° quadrangle, Nevada and California 

[Criteria used to delineate tract boundaries: 1, presence of Jurassic plutons; 2, presence of carbonate rocks; 3, presence of mines and prospects; 4, hydrothermal alteration of granitic rocks; 5, hydrothermal 
alteration of wallrocks of granitic plutons; 6, presence of high-salinity fluid inclusions in granitic plutons. Modal classification of plutons: gr, granite; grd, granodiorite; qmd, quartz monzodiorite; qd, quartz diorite.] 

Tract no. Area Possible deposit Host-rock Mines and prospects Delineating 
(pl. 1) types terrane criteria 

Copper Valley ------ Porphyry copper, Jungo -------- Copper Queen and Hard- 1,2,3,4,5,6 
copper and iron to-Find Mines (Cu skarn). 
skarn. 

2 Fireball Ridge------ Porphyry copper ---- Jungo -------- None------------------------- 1,4,5,6 

3 Highway 50 east of Iron skarn------------ Pine Nut----- Dayton iron deposit and 1,2,3,4,5,6 
Dayton. Iron Blossom Prospect 

(Fe skarn). 
4 Northern Pine Nut Porphyry copper ---- Pine Nut----- Bear and Lagamarsino 1,3,4,6 

Mountains, Buck- Pros-pects and MacArthur 
skin, Singatse, and deposit (porphyry Cu). 
W assuk Ranges. 

5 Northern Pine Nut Copper and iron Pine Nut----- Fe skarn-Minnesota Iron 1,2,3,4,5,6 
Mountains, Buck- skarn. Mine. 
skin, Singatse, and 
W assuk Ranges. 

6 Calico Hills--------- Porphyry copper, Sand Springs Calico Hills and Aftert- 1,2,3,4,5,6 
copper and iron hought Prospects 
skarn. (Fe-Cu skarn). 

1 Modal composition using Streckeisen ( 1976), Si02 content (weight percent), and number of analyses in parentheses. 

;t 
r:T' 

if ... 
~ 

~ 
l.o.1 

Porphyry and skarn- Pluton Pluton age References 
forming plutons composition 1 and method 

dated 
Copper Valley pluton------ qd-grd, Si02 =56. 9 (I) Jurassic(?) ------ Willden and Speed (1974); Stager 

(altered). and Tingley (1988); John (1992). 

Composite Fireball Ridge qd-grd, Jurassic(?) ------ Harlan (1984); John (1992). 
pluton. Si02=55.4-60.4 (2). 

Composite Iron Blossom grd, SiO 2=64.5 (I)------ Jurassic(?) ------ Reeves and others (1958); 
pluton and diorite. Roylance (1966); John (1992). 

Yerington and Shamrock Yerington-qmd-gr, Middle Jurassic, Heatwole (1978); Carten ( 1986); Dilles 
batholiths. Si02=58.5-69.9 (8) 168-165 Ma (1984, 1987); Proffett and Dilles (1984); 

Shamrock-grd-gr, U-Pb). Dilles and Wright ( 1988); John (1992). 
Si02=59.7-69.7 (7). 

Yerington and Shamrock Yerington-qmd-gr, Middle Jurassic, Knopf (1917); Reeves and others (1958); 
batholiths. Si02=58.5-69.9 (8) 168-165 Ma Einaudi (1977, 1982); Harris and Einaudi 

Shamrock-grd-gr, (U-Pb). (1982); Dilles and Wright (1988); Proffett 
Si02=59.7-69.7 (7). and Dilles (1984); John (1992). 

Afterthought pluton------- qd-grd, Jurassic(?) ------ Lawrence and Redmond ( 1967); Satkoski 
Si02=65.0-67.7 (2). and others ( 1985); John ( 1992). 



Table 5. Characteristics of tracts favorable for tungsten skarn and low-fluorine porphyry molybdenum deposits in the Reno 1 °by 2° 

[Criteria used to delineate tract boundaries: 1, presence of Cretaceous granitic plutons; 2, presence of carbonate rocks; 3, presence of mines and prospects; 
7, aeromagnetic data; 8, hydrothermal alteration and stockwork quartz+pyrite+sericite veins. Modal classification of plutons: gr, granite; grd, granodiorite; 

Tract no. 
(pl. 2) 

7 

8 

9 

10 

11 

12 

Area Host-rock terrane(s) Mines and 
or unit prospects 

Tracts favorable for tungsten skarn deposits 
Nightingale District Marble Butte rocks, Crosby and 

Jungo. Jay Bird Mines. 

Toy District---------

Churchill Butte-----

Northern Pine Nut 
Mountains. 

J ungo -----------------

Pine Nut--------------

Pine Nut--------------

Sand Springs Range- Sand Springs, 
Fairview Peak. Paradise. 

St. Anthony and 
Granite Mines. 

Ruth Mine ----------

Valley View and 
Tactite Thursday 
Prospects. 

Nevada Scheelite, 
Red Ant, Red Top, 
and Slate Mines. 

Delineating 
criteria 

1, 2, 3, 4, 5, 6 

1' 2, 3, 4, 5, 6 

1, 2, 3, 4, 5, 6 

1, 2, 3, 4, 6 

1, 2, 3, 4, 5, 
6, 7 

Tract favorable for low-fluorine porphyry molybdenum deposit 
Sand Springs Range Sand Springs None----------------- 1, 5, 8 

pluton. 

Skarn-forming plutons 

Coyote Canyon pluton 
and composite Jay Bird 
pluton. 

St. Anthony pluton------

Churchill Butte pluton--

Prison Hill pluton--------

Composite Sand Springs 
pluton; Scheelite 
pluton; Slate Mountain 
pluton. 

Sand Springs pluton-----

1Modal composition using Streckeisen (1976), Si02 content (weight percent), and number of analyses given in parentheses. 

Table 6. Characteristics of tracts favorable for Tertiary polymetallic replacement, zinc-lead skarn, and copper skarn 

[Criteria used to delineate tract boundaries: 1, presence of Tertiary plutons; 2, presence of carbonate rocks; 3, presence of mines and prospects; 
classification of plutons: gr, granite; grd, granodiorite; qmd, quartz monzodiorite. Rb-Sr ages from A.C. Robinson (written commun., 

Tract no. 
(pl. 2) 

13 

14 

Area Host-rock Mines and 
terrane prospects 

Still water Range------- J ungo----------Copperaid and 
Mottini Mines. 

Delineating 
criteria 

1, 2, 3, 4, 
5 

Chalk Mountain
Westgate. 

Paradise -------.Chalk Mountain and 1, 2, 3, 4 
West Side Mines. 

Polymetallic replacement and 
skarn-forming plutons 

White Cloud Canyon and IXL 
plutons. 

Composite Chalk Mountain 
pluton. 

1 Modal composition using Streckeisen (1976), Si02 content (weight percent), and number of analyses in parentheses. 
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quadrangle, Nevada and California 

4, presence of skarn alteration in carbonate rocks; 5, rock geochemistry; 6, absence of high-salinity fluid inclusions in granitic plutons; 
t, tonalite; qd, quartz diorite. Rb-Sr ages from A.C. Robinson (written commun., 1988).] 

Pluton composition 1 Pluton age References 

Tracts favorable for tungsten skarn deposits-Continued 
Coyote Canyon-gr. SiOz= 71.3- Coyote Canyon-approx. 112 Ma Stager and Tingley (1988); Bonham 

71.6 (3); Jay Bird-t-gr, (Rb-Sr); Jay Bird-approx. 126 (1969); John (1992). 
Si02=62.6 - 76.2 (3). Ma (Rb-Sr). 

gr, Si02=70.0- 70.1 (2) approx. 87 Ma (Rb-Sr) Stager and Tingley (1988); Willden 

grd, Si02=64.9 - 67.2 (2) 

grd, Si02=67.2 - 68.7 (2) 

Sand Springs-gr-grd, Si02= 65.3-
73.8 (8) Scheelite-grd, Si02= 
65.1 - 67.7 (2) Slate Mountain
gr. Si02=72.7 - 73.6 (2). 

Tract favorable for 
gr-grd, Si02=65.3 - 73.8 (8) 

Cretaceous(?) 

Cretaceous(?) 

Sand Springs-81.5-78 Ma (K-Ar), 
82-81 Ma (Rb-Sr); Scheelite
approx. 98 Ma (Rb-Sr); Slate 
Mountain-approx. 81 Ma 
(Rb-Sr). 

and Speed (1974); John (1992). 

Stager and Tingley ( 1988); Moore 
(1969); John (1992). 

Stager and Tingley (1988); John 
(1992). 

Stager and Tingley (1988); Willden 
and Speed (1974); Quade and 
Tingley (1987); Lee (1984); John 
(1992). 

low-fluorine porphyry molybdenum deposit-Continued 
81.5-78 Ma (K-Ar), 82-81 Ma Nevada Bureau of Mines and 

(Rb-Sr). Geology (1964); Willden and 
Speed (1974); Lee (1984); Quade 
and Tingley (1987); John 
(1992). 

deposits in the Reno 1 o by 2° quadrangle, Nevada and California 

4, metasomatic alteration of wallrocks of granitic plutons; 5, presence of high-salinity fluid inclusions in granitic plutons. Modal 
1988)] 

Pluton composition 1 

White Cloud Canyon-gr. Si02 = 
74.2 to 77.0 (4); IXL-qmd-grd, 
Si02 = 63.1 to 68.6 (8). 

Pluton age and dating method 

White Cloud Canyon-approx. 
30 Ma (Rb-Sr); IXL-29-28 Ma 
(K-Ar). 

gr-grd, SiOz = 69.5 to 73.2 (3)------- 26 Ma (K-Ar)----------------

References 

Vanderburg (1940); Willden and 
Speed (1974); Nelson (1975); 
Lee (1984); John (1992). 

Vanderburg (1940); Bryan (1972); 
Willden and Speed (1974); S.B. 
Keith (written commun., 1990); 
John (1992). 
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