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INTRODUCTION

Rock names used in this report are based on megascopic and thin-section estimates of rock
and mineral content. For aphanitic parphyritic igneous rocks, the rock names are predominantly
based on phenocryst mineralogy and may vary from rock names based on chemical analyses.
Phenocryst contents were estimated from thin sections and stained slabs. Precious metal
values are reported in gmimstric ton (ppm]; the conversion factor to oz/ton is 0.02917. K-Ar
ages reported are described on the basis of the new IUGS constants {Steiger and Jager, 1977).
Some chemical analyses reported in the text were performed by the LS. Geological Survey as
part of the Walker Lake CUSMAP (Conterminous United States Mineral Resource Assessment

Program) study.
LITHOLOGY

QUATERNARY DEPOSITS
N Dunes and solian sand. This mep unit is found only in the northeast corner of
ie the quadrangle. The area of outcrop is slightly over 1 km? located at the
northeast comer of the Garfisld Flat playa and contains a variety of vegetation-stabilized
(shrub coppice) dunes as well as drift sand. The sand deposits accumulate on a slightly sloping
alluvial surface; dune forms include barchan and transverse. The source of the sand is probably
Garfield Flat and the alluvial apron to the west of the Fiat, suggesting a northeast direction of
prevailing wind transport.
m Playa deposits. Garfield Flat, in the northeast comer of the quadrangle, is a level,
relatively smooth, flat playa surface free of vegetation. The area of the
surface exposure of the fine-grained sediments is approximataly 6 km?. Although water may
stand on the playa surface following periods of heavy runoff, the surface is commonly hard and
dry during the summer. The minimum depth to water in Garfield Flat excesds 15 m (Van Den-
burgh and Glancy, 1870, p. 23). The playa surface has a few small areas of local sand dunes
that wers mapped with the playa deposits for simplicity.
Travertine, peat, and volcanic ash. Three small outcrop areas along the
[SPT5) southem margin of the Moho Min. quadrangle consist of Quatemary
deposits related in part to either intermittent or permanent springs. These springs are located
on or adjacent to several strands of an east-west-trending fault system that probably has had
strike-slip movement (Speed and Cogbill, 1978a). The deposits overlia Permian Mina Fm. A
composite section of the deposits, from bottom to top, consists of 1.5 m of caliche-cemented
colluvium, 0-0.5 m of travertine and travertine-cemented gravel, 0-0.75 m of black peat with
discontinuous 1-2 cm volcanic ash beds, and a 3-20 cm bed of volcanic ash. One or more of
these units may be locally absent. A sample of peat from this unit yielded a C'* radiometric age
of 3590 £ 100 years B.P. (Sam Valastro, written commun., 1881). The volcanic ash from the
bed above the peat has a major-element chemistry similar to ash from the Mono Craters-Inyo
Craters area about 70 km to the southwaest, although the calcium content is somewhat higher
than that of the average Mono-Inyo tephra (Jonathan 0. Davis, written commun,, 1981).
“ Alluvium. This unit occupies the lower relief areas between the steeper alluvial
fan complexes and the playa deposits, It consists of poory sorted gravel,
sand, and silt depasited from ephemeral streams in the lower valley areas. It is distinguished on
aerial photographs by its uniform texture and light color in contrast to the alluvial fan deposits.
“ Alluvial fan depesits. Coarse, poorly sorted boulder gravels and pebbly sands in
alluvial fans are the most extensive Quaternary deposits in the
quadrangle. The major areas of large, coalescing fans (bajadas) are in the northem region of the
quadrangle. Some colluvium is included in the unit in areas near bedrock outcrops. The fan
deposits are a heterogeneous mixture of silt, sand, and gravel from local sources; their lithology
varies with the rock types in the source areas and the extent and gradient of the intermittent
streams supplying them. Pediments are developed in an area approximately 3 km southeast of
Rattlesnake Canyon.
Oider gravel deposits. Dlder gravel deposits are present only in the southeastern
region of the Moho Mtn. quadrangle and consist mainly of fan and
pediment deposits of poorly sorted, boulder- to silt-sized material. The older gravel deposits are
commonly more consolidated or caliche cemented than the younger alluvial units and are more
dissected by washes, South of Moho Mtn, the deposits form a thick alluvial fan that is general-
ly separated from the bedrock area by an east-trending fault. To the west of Moho Min., the
older gravel deposits are generally 20-30 m thick and irregularly overlie Tertiary and pre-
Tertiary rock units. The deposits consist of a heterogensous mixture of material eroded from
the surrounding highlands; they commanly contain clasts representative of their source areas in
the Excelsior Mts.

TERTIARY ROCKS

I'“ Basalt of Rattlesnake Canyon. Dlivine-pyroxens basalt is present in the north-
= 1 west comer of the quadrangle; blocky flows and minor interbedded
sedimentary rocks are well exposed in Rattlesnake Canyon. The unit overlies altered pyroxene-
homblende andesite, laharic andesite breccia and conglomerate, and Mesozoic meta-andesits.
The basalt is typically a dark brown to black weathering, dark gray rock containing variable
amounts of vesicles. Phenocrysts of olivine and pyroxene make up less than 10% of the rock.
The basalt is less than 100 m thick in the quadrangle but becomes thicker to the west and
northwest, where the vent area or areas are believed 1o be located. The basalt of Rattlesnake
Canyon is essentially unaltered.

At one locality in Rattlesnake Canyon 10-20 m of fluvatile sediments underlie lava flows.
These sedimants consist of poorly consolidated, light brown sandstone, pebbly sandstone, and
conglomerate. Water-reworked basaltic tuff is also present. The epiclastic material is
predominantly pyroxene-homblende andesite, both fresh and altered.

In thin section, one sample of the basalt contains olivine and clinopyroxens phenocrysts,
0.4-1.5 mm in diameter, in a pilotaxitic, vesicular matrix consisting of lath-shaped calcic
plagioclase, pyroxens, alkali, feldspar, and Fe-Ti oxide minerals. Olivine phenocrysts are only
slightly rimmed by reddish iddingsite(?). Phenocrysts constitute approximately 8-10% of the
rock; 40% of these are clinopyroxene and B0% are olivine.

The basalt of Rattlesnake Canyon has & whole-rock K-Ar age of 5.7+0.2 m.y. (Marvin and
Cole, 1978, p. 10). The lava flows of this unit are cut by young east-west faults whose
relative motion may have been principally strike-slip (Ekren and others, 1976).
= Hornblende-pyroxens  andesite. Flows of homblende-pyroxene

4 endesite and very minor andesitic lahars (Ta) occupy the higher
portion and northern flank of the Excelsior Mts. In the quadrangle, the area of exposure of this
unit is approximately 40 km?®, Hypabyssal intrusive rocks of similar appearance and composi-
tion (Tail were mapped separately where feasible, although some areas of intrusive andesite
probably wers not recognized and were thus included with the flows. The source or sources of
the homblende-pyroxene andesite are probably within the exposure area of the unit in the
quadrengle, although they could not be identified during mapping.

The homblende-pyroxene andesite unconformably overlies older Tertiary and pre-Tertiary
rocks as well as 8 probably consanguineous sequence of lahars and pyroclastic rocks (Tal) pres-
ent beneath the horblende-pyroxene andesite only in the westem region of the quadrangle,
The contact between these two units is gradational and is based on the first appearance of
major flow units in the sequence. Locally, there is topographic relief below the homblende-
pyroxene andesite representing @ period of erosion which stripped most of the older Tertiary
rocks from the area. A narrow band of andesite exposed to the west of Moho Mtn. was laid
down, in part, in & pre-existing, northeast-trending depression, possibly an old stream channel,
A few thin volcaniclastic sedimentary beds and pyroclastic flow deposits are interbedded with
the flows in this area.

The major portion of the homblende-pyroxene sndesite consists of gray- to brown-
weathering, light to medium-dark gray andesite flows. Flow banding is rarely present. The
homblende-pyroxene andesite may be as thick as 250 m in the higher parts of the Excelsior
Mts. Although there is some variation between flows, the various flow units are not readily
separated in the field,

The intrusive phase of the horblende-pyroxene andesite is generally light to dark gray and
may have poorly developed columnar jointing and flow-aligned homblende phenocrysts near the
margins of intrusive bodies. Several narrow dikes of hornblende-pyroxene andesite were intrud-
ed slong faults which separate the andesite flows from older units.

In several thin sections from the flows, the andesite consists of 40-50% phenocrysts in a
pilataxitic matriv. Equant to elongate plagioclase phenocrysts (20-25% of the rock) ranging in
size from 1 mm to 1 cm are oscillatory zoned and have a spongy texture due to included glass.
Elongate homblende (usually oxyhomblende) phenocrysts {10-15%) range in length from 1 mm
to aver 1 em, are commonly flow-aligned, and are usually rimmed by or completely recrystalliz:
ed to a mixture of iron-oxide minerals, finely crystalline pyroxene, and indeterminate opague
matter. Dark green to bottle-green pyroxene phenocrysts (10-15%) are generally smaller than
the homblende but also occur as glomeroporphyritic clots over 1 em in diameter. Sparse brown
biotite is present in some samples, and magnetite is present as an accessory mineral. The
groundmass consists of microfites of most of the phenocryst minerals as well as potassium
feldspar and glass.

Much of the homblende-pyroxene andesite in the quadrangle is relatively fresh, but the unit is
locally strongly altered in the northwestem region of the quadrangle. This alteration is probably
only slightly younger than the enclosing rocks (see below and the section on hydrothermal
alteration and mineral deposits).

A sample of the homblende-pyroxene andesite collected from the higher levels of the Ex-
celsior Range (lat. 38°18°17"N, long, 118°15°'06"W) gave a K-Ar age for hornblende of
12.9+2.8 m.y. (E. H. McKee, written commun., 1981). The pyroxene-homblende andesite is
partially correlative with andesitic units in the Camp Douglas quadrangle to the east that range
in age from 16 to 22 m.y. (Garside, 19789). Additionally, the K-Ar date of about 15 m.y. on
probable hypogene alunite from an area of hydrothermal alteration in the lower part of the unit
|see the section on hydrathermal alteration) suggests that at least part of the unit is older than
15 m.y. The olivine basalt that underies the unit on the south side of the Excelsior Mis. is
17.2 m.y. old (also see the section on the olivine basalt). The relatively large error estimate in
the 12.8 m.y. date, in conjunction with the other stratigraphic and K-Ar evidence, suggests
that 12.9 m.y. should be considersd a minimum age for the homblende-pyroxene andesite unit,
A more likely age for the unit would be 15-16 m.y. (within the upper error estimate range of
the 12.9 m.y. date).

Laharic andesite breccia. A poorly sorted sequence of predominantly

Isharic deposits of andesitic composition is exposed in the west-central
region of the quadrangle. These deposits mainly consist of light gray clasts of porphyritic
andesite in a fine-grained matrix of silt- and sand-sized material. The clasts are angular to
subrounded and vary in size from 1 cm to over 1 m in diameter. Crude bedding is recognizable in
several places, and @ few units are probably epiclastic sandstones and conglomerates. Also,
several units in the lower part of the sequence appear to be pyroclastic avalanche deposits. A
few andesite flows are also included in the unit; however, the predominant lithology is laharic
breccia and conglomerate.

The lsharic andesite breccia unconformably overlies saveral pre-Tertiary units and a thin
sliver of olivine basalt. It is overlsin by consanguineous hornblende-pyroxene andesite flows
{Tal as well as by the considerably younger basalt of Rattlesnake Flat. The laharic unit is a
maximum of 250 m thick, although it thins to the east under the andesite flows and was not
deposited in the central or eastern part of the quadrangle. The upper contact with overlying
andesite flows is gradational.

In thin section, the major clast type consists of plagioclase, homblende, pyroxene, and sparse
biotite in & pilotaxitic, partly glassy groundmass. The range of andesite lithologies representad
by the clasts is generally similar to, but more varied than, the range within the overlying flows.

The lsharic andesite breccia and the hornblende-pyroxene andesite are both between 12 and
15 m.y. The laharic andesite breccia must be younger than the underlying basalt dated at 17.2
my.

- Olivine basalt. Several outcrops of olivine basalt are found beneath

homblende-pyroxene andesite or andesitic laharic breccia along the south
flank of the Excelsior Mts. In several places the basalt overlies pre-Tertiary rocks. The basalt is
discontinuous, as it is absent in many exposures where andesite flows or laharic deposits
directly overlie pre-Tertiary rocks. A thickness of less than 200 m of olivine basalt is preserved
in the largest exposure.
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The olivine basalt consists of red-brown-weathering, gray-black, finely crystalline rock. It
generally appears to be quite fresh. In thin section, one sample contains approximately 5%
euhedral to subhedral phenocrystic olivine in a holocrystalline groundmass of ealcic plagioclase
laths; anhedral, interstitial clinopyroxene; and accessory magnetite. The olivine phenocrysts are
generally about 1 mm in diameter; some clinopyroxene grains are nearly 0.4 mm, but most are
about 0.1 mm. Calcic plagioclase laths 0.2-0.4 mm in length impart a slight fluidal texture.
Small, sparse biotite flakes were noted, as was some calcite. Chlorophasitel?} occurs as thin
deuteric(?) alteration rims on ofivine and as interstitial grains.

Rocks included in the olivine basalt unit north of Maho Mtn. contain phenocrysts of olivine
and pyroxene (0.8-1.5 mm in diameter) in a pilotaxitic matrix of plagioclase microlites and
pyroxene and biotite granules, Some samples contain Fe-Ti-oxide pseudomorphic outlines of
former basaltic(?} homblende phenocrysts (about 0.2x1.5 mm). Sparse quartz xenocrysts
(0.5-3.5 mm) in thesa rocks are outlined by a pyroxene reaction rim. The olivine in these rocks
is often partly converted to antigoritel (7] and bowlingite(?).

The ofivine basalt is 17.2 0.5 m.y. old, based on & whole-rock K-Ar age determination (E. H.
McKee, written commun,, 1981). Although olivine basalt does not lie on elder Tertiary tuffs
anywhere in the Moho Mtn. or Camp Douglas quadrangles, boulder gravel below it at one locali-
ty contained cobbles of older silicic tuffs. The olivine basalt is believed to correlate with olivine
basalt in the Camp Douglas quadrangle (Garside, 1979} that occupies a similar stratigraphic
position. In that quadrangle, olivine basalt outcrops north of Moha Min, were included with the
homblende-andesite unit.

Belloville Tuff. The Belleville Tuff, a welded rhyodecite ash-flow tuff, was

named for approximately 200 m of ash-flow tuff exposed 2.3 km $20°
of the site of Belleville (Spead and Cogbill, 1878b); this locality is about 10 km southeast of
the Moho Mtn. quadrangle.

The Belleville Tuff is the oldest Tertiary unit exposed in the the quadrangle. It unconformably
overlies the Black Dyke and Dunlap Fms. and is unconformably overlain by homblende-pyroxene
andesite. A period of extensive erosion is represented by this upper unconformity, as most of
the Belleville Tutf and probably several other older tuffs were removed by erosion prior 1o the
deposition of the homblende-pyroxene andesite. The Belleville Tuff is now preserved only as a
faw remnants under younger rocks. Much of the Oligocene and Miocens ash-flow tuff section
has been removed by pre-andesite erosion in the Excalsior Range, although & more complete
section is preserved in the Camp Douglas quadrangle immediately to the east (Garside, 1978),
There is only & small amount of evidence of the existence of other tutfs in the quadrangle
befieved to have been removed by erosion prior to deposition of the olivine basalt and andesitic
rocks. One outcrop of olivine basalt has an underlying gravel containing cobbles of silicic ash-
flow tuffs. Additionally, an unidentified quartz-bearing ash-flow tutf is present in a very small
outerop beneath Iaharic andesite breccia 1 km west of the Endowment Mine, Since the outcrop
is so small, it was included with the lsharic unit.

In many of the small exposures in the quadrangle only the lower 5-10 m of unwelded and par-
tially welded tuff of the unit are exposed, although a dense black vitrophyre is present severa!
maters above the base at one exposure. The maximum thickness preserved is approximately 50
m. The lower contact with underlying rocks was an erosion surface that apparently had some
relief. An undertying gravel noted in one small exposure contains cobbles of Dunlap Fm. con-
glomerate and Gold Range(?) Fm. welded tuff; the underlying Black Dyke Fm. was also desply
weathered at that locality.

The Balleville Tuff is a light gray to pale brown rhyodacite ash-flow tuff containing 25% for
maore) moderately to strongly compacted white pumice, 15-20% plagioclase phenocrysts, 1-2%
lithic fragments, and sparse mafic minerals and quartz in a devitrified to glassy matrix of
moderately deformed glass shards and dust. Rare biotite and pyroxene occur in areas of the
tuft that have not been subjected to vapor phase alteration. The matrix is commonly devitrified
to potassium feldspar and cristobalite. Tabular plagioclase phenocrysts are usually 1-3 mm in
length, and the sparse lithic fragments are small (0.5 mm-1 cm) and consist of andesite and
sandstone.

The age of the Bellaville Tuff is approximately 22 m.y., based on two K-Ar ages determined
on plagioclase (Marvin and others, 1977; Garside and Silberman, 1978) from samples collected
at tha north edge of the Camp Douglas quadrangle adjacent ta the east. Stratigraphic relations
in the vicinity of Candelaria suggest that thess ages may be too young, as the Belleville Tuff
underiies tuffs dated as old as approximately 23 m.y. (Speed and Cogbill, 1978b). According to
Speed and Cogbill (1878b), the Belleville Tuff includes units Tr13, Tr14, Tr15, and Tr18 of
Page (1958) &t Candelaria and is present in the Miller Mtn. area of southern Mineral County,

MESOZOIC ROCKS
Quartzeye granite porphyry. Several small to moderately sired dikes and
iregular intrusive bodies cut Dunlap Fm. and Mesozoic volcaniclastic and
volcanic rocks near the west edge of the quadrangle. They are generally 25-300 m wide and up
to 1 km long. The quartz-eye granite porphyry is & light brown weathering, light gray rock con-
sisting of 15-25% phenocrysts of quartz, potassium feldspar, plagioclase, and sparse biotite in
a finely crystalline groundmass of quartz and feldspar.

In thin section the quartz-eye granite porphyry consists of euhedral to ovoid quartz
phenocrysts 2.5 mm in diameter, squant potassium feldspar 2-3 mm in diameter, somewhat
elongate plagioclasa phenocrysts 3-4 mm long, and flakes of biotite 1 mm in diameter. The
quartz, potassium feldspar, and plagioclase are generally present in subequal amounts; biotite
ranges from nearly zero to about 1%. The biotite is generally chioritized; some quartz
phenocrysts are vermicular. Ssmples from one isolated outcrop at the east edge of
S$33,T6N,RI3E are strongly sericitized and silicified in the vicinity of a quartz vein,

The quartz-eye granite porphyry probably is related to biotite quartz monzonite that is expos:
ed in the southwest ares of the quadrangle and also forms a large pluton west of the
quadrangle. In a few places the border zones of the biotite quartz monzonite resemble the
quartz-eye granite porphyry. Also, quartz-eye granite porphyry dikes are concentrated near the
margin of the quartz monzonite phiton.

The age of the porphyry is probably the same as the adjecent quartz monzonite that is
103-104 m.y., based on K-Ar ages from hornblende (see the following section on biotite quartz
monzonite), A similar quartz-eye porphyry in the adjacent Camp Douglas quadrangle is at least
90 m.y. old (Garside, 1979; Garside and Silberman, 1978).

Granodiorite. A small (approximately 0.5 km?) body of granodiorite and two adje-

cent dikes cut Mesozic siliclastic and volcanic rocks near the west edge of
the quadrangle. The granodiorite and enclosing rocks are unconformably overfain by Tertiary
laharic breccia. The intrusive contact of the granadiorite with the older rocks is often irregular,
with apophyses and small dikes extending outward up to 400 m from the main mass. In places,
the margin of the granodiorite body appears to be somewhat hybridized, apparently by walirock
assimilation. The two main dikes mapped are parallel to the longer dimensions of the main
body. An area of tourmalinization {schorl) is present in the wallrocks for 200-300 m north of
the northern dike.

The granodiorite is 8 light gray, medium-grained, equigranular rock consisting of approximate-
ly 45% plagioclase, 20% quartz, 20% potassium feldspar, 10% homblende, and 5% biotite.
Accessory zircon and magnetite are common. In thin section, the plagioclase is subhedral and
penerally coarser grained than the other minerals; crystals are roughly lath-shaped, 1-3 mm
long, oscillatory zoned, and polysynthetically twinned. Quartz and potassium feldspar are
generally anhedral; biotite and homblende are subhedral. Biotite crystals are a mixture of green
and dark brown pleochroic types. Much of tha biotite is altered to chiorite.

A homblende K-Ar age of 84.7+3.0 m.y. was obtained from a sample of granodiorite (st.
38°19°13"N, long. 118 °21°36"W), and biotite from this sample yielded a concordant date of
84.2:2.0 m.y. (E. H. McKes, written commun., 1981),

Biotite quartz monzonite. A small area of biotite quartz monzonite is present in
the southeast comer of the Moho Mtn. quadrangle. The quartz monzonite
intrudes Mesozoic|?) volcaniclastic and volcanic rocks.

The biotite quartz monzonite is light gray to grayish-pink and cosrse grained. In thin section
the rock consists of approximately 38% potassium feldspar (often perthitic), 30% plagioclase,
and 30% quartz. The texture is often seriate; pink potassium feldspar crystals are up to 1x2
em in size. Quartz is rounded to euhedral in cross section and 1-5 mm in diameter. Plagioclase
is commonly interstitial and 2-5 mm in diameter. Biotite occurs as sparse, thin books 1-2 mm in
diamater.

The age of emplacement of the biotite quartz monzonite is probably 103104 m.y., based on
K-Ar dates of homblende from two samples collected from @ homblende-bearing phase of the
pluton 10-15 km west of the quadrangle (Evemden and Kistler, 1870). Biotite from one of
these samples gave a date of sbout BB m.y., but the homblende dates are probably more
reliable, as homblende is more retentive of argon. The biotite age is, however, closer to the
range of ages {about 30 m.y.} obtasined for some other plutons in the Excelsior Mts. to the sast
and northeast of the quadrangle (Speed and Kistler, 1980; Garside and Silberman, 1978}, sug-
gesting the less likely possibility that the biotite quartz monzonite is approximately 80 m.y. in
age.

The quartz monzonite pluton, & small portion of which is exposed in the Moho Min.
quadrangle, is part of 8 number of large granitic bodies in this part of western Nevada, Thess
plutons are generally considered to belong to the Sierra Nevada batholithic complex (Ross,
1861; Evernden and Kistler, 1970) and are near its eastem margin (Speed and Kistler, 1980,

Granodiorite parphyry. The Dunlap Fm. is intruded by & small mass of medium-
dark gray granodiorite porphyry west of Moho Min. The contact is irmegular,
and several small pendants of Dunlap are present within the body.

The granodiorite porphyry contains distinctive large grayish-pink potash feldspar phenocrysts
(%), smaller white plagioclase crystals (10%), and books of biotita (10%) in & medium-dark
gray, fine-grained groundmass of quartz and feldspar (75%). The euhedral potash feldspar
phenocrysts are equant to elongate and up to 2 cm or mare in long dimension; their borders ap-
pear slightly resorbed. The plagioclase phenocrysts are euhedral to subhedral and up to 2x6
mm. Euhedral biotite books are as large as 2x3 mm. In thin section, some probable hornblende
ghosts, outlined by small epidote crystals, were also noted. Accessory magnetite and apatite
are prasent.

The granodiorite porphyry is seversly altered; biotite is completely converted to white mica
and calcite and the plagioclase and matrix are also partially altered to these minerals. Chiorite
and epidote are also present as alteration products of some primary mafic minerals.

The age of the granodiorite porphyry is unknown other than post-Dunlap Fm. The aphanitic
porphyritic texture and contact relations are suggestive of a hypabyssal origin for the intrusive
body. It is possible that the granodiorite porphyry is genetically related to andesitic volcansim
which occurred during the Mesozoic Era, including the time of Dunlap deposition.

Gold Range Formation. The Gold Range Fm. was ariginally

nemed by Nielsen (1964) for exposures in the southern Moho
Mtn. guadrangle, although he did not formalize the name. The rocks in this original (informal)
type area are now believed to belong to several formal or informal units. Niglsen (1964) also
mapped the Gold Range in the vicinity of Camp Douglas in the adjacent quedrangle to the east.
The formation name is derived from the Gold Range mining district, usually considered to in-
clude the mining areas at Camp Douglas (the Douglas or Silver Star mining district), Silver
Dyke, Marietta, Moho Mine, and various othes prospects in this part of the Excelsior Mis.
Speed (1977a) has discussed the history of the informal usage of the Gold Range Fm. and has
formally redefined the formation using Nielson's original name but excluding some rocks that
ware included in the original definition. The formal type area of the redefined Gold Range Fm. is
the Gold Range (Camp Douglas) mining district (Speed, 1977a) in the north-central part of the
Camp Douglas quadrangle (Garside, 1979},

Generally, the Gold Range Fm. consists of silicic to intermediate volcanic and volcaniclastic
rocks, including flows, ash-flow tuffs, pyroclastic or epiclastic breccias, air-fall wifs(?), and
sandstones, siltstones, and conglomerates that contain a variable amount of epiclastic volcanic
material.

The only exposures in the quadrangle believed to be part of the Gold Range Fm. are located in
the vicinity of the Gerfield Mill, southeast of Garfield Flat. Two informal lithologic units have
been mapped separately from the main portion of the formation; a marble unit (Kgrm) and a unit
consisting predominantly of flows(?) and pyroclastic rocks (Kgrv). Il there are no unrecognized
structural complications, the Gold Range is over 1 km thick in the map area.

The undivided portion of the Gold Range Fm. (Kgrl consists of interbedded epiclastic and
pyroclastic rocks, including dark-colored volcanic- and chert-pebble conglomerate, sandstone,

olive siltstone, minor thin ash-flow tuffs, tutfaceous sedimentary rocks, and numerous units
that may be sither pyroclastic or epiclastic in origin. Some dense, dark colored rocks are prob-
ably water-laid tuffs. The chert fragments in the epiclastic units are commonly gray of reddish
colored and may have been derived from chert beds in the Permian Mina Fm. Volcanic
fragments in the conglomerate beds are usually finely crystalline felsic to intermediate rocks.
Other beds in the formation are probably of ash-flow origin and appear ta be mestly lithic and
vitric tffs; after alteration and recrystallization, they are difficult to distinguish from epiclastic
and reworked pyroclastic deposits, Near Garfield Mill, sparse limestone and orthoguartzite are
present in the formation.

The high portion of the hill southeast of the Garfield Mill consists of dacitic voleanic rocks
that are probably predominantly flows and ash-flow tuffs (Kgrv). A small andesitic intrusive
body just northwest of Garfield Spring is included in this map unit. In thin section, ane sample
from the volcanic unit consists of euhedral phenocrysts of oscillatory-zoned plagioclase up to
0.8 mm in length sparse rounded and embayed quartz, biotite, and possibly other mafic
minerals. The matrix was apparently pilotaxitic. The rock has been altered to a greenschist
metamorphic mineral suite with biotite and chlorite predominating. Another sample from this
unit appears, in thin section, to be a sphene-bearing. crystal-lithic ash-flow twif. The dacitic
volcanic unit is over 300 m thick.

A rare, relatively thin (50-70 m} white marble bed (Kgrm) is mapped separately in one ex-
posure area of the Gold Range Fm. The marble is believed to be in thrust contact with unnamed
metavolcanic and metasedimentary rocks (Mzsv).

Within the quadrangle, the rocks of the Gold Range Fm. are everywhere metamorphosed to
the greenschist facies. These metamorphic effects are most obvious in the intermediate
voleanic rocks of the formation. Original mafic minerals are generally converted to chiorite,
biotite, actinolite, epidote, and calcite; plagioclase is commonly sericitized, and groundmass
minerals are recrystallized.

Additionally, the rocks near the east border of the quadrangle are irregulary silicated (Gar-
side, 1979). These homfelsic rocks contain metasomatic minerals, including irregular clots of
garnet, epidote, biotite, and locally small masses and “suns” of schiorite. The metasomatism
decreases to the west and northwest in the Gold Range Fm.

The Gold Range Fm. is unconformably overlain by Tertiary homblende-pyroxene andesite and
is interpreted to tectonically overlie unnamed metasedimentary and metavolcanic rocks (Mzsv)
of probable Mesozoic age.

The formation was deposited in & predominantly nonmarine environment. The pyroclastic
rocks, flows, and most of the epiclastic units appear to have been deposited subaerially; & com-
plex volcanic pile in the late Mesozoic is suggested. The small volume of carbonate rocks could
be either lacustrine or marine,

The Gold Range Fm. is mid-Cretaceous (Speed and Kistler, 1880) at its type area in the adja-
cent Camp Douglas quadrangle (Garside, 19879), based on a Rb-Sr isochron age of 10345,7
m.y. on volcanic rocks exposed on Thunder Min. The only potential correlatives presenty
known are volcanic rocks exposed in the central Sierra Nevada in eastern California (Speed and
Kistler, 1980, p. 387) where they probably represent the volcanic superstructure over a con-
sanguineous batholithic substructure.

m Rhyolite. A small plug of white to very light gray, flow-banded rhyolite intrudes

Mesozoic volcanic and wolcaniclastic rocks (Mzsvl 2 km west of Garfield
Mill. The fiow banding is contorted, high angle, and generally trends north-south. Zones of
flowl?) breccia appear to parallel the flow banding.

In a thin section of the rhyolite, sparse (5-10%) phenocrysts of quartz, potassium feldspar,
and plagiociase are aligned along thin (less than 0.1 mm) flow bands. The phenocrysts are
generally 1-2 mm in diameter. Quartz phenocrysts are often vermicular; a few probable ghasts
of former biotite were noted. Although much of the groundmass was probably originally glassy,
it is now completely recrystallized to quartz and feldspar; the groundmass as well as feldspar
phenocrysts are partially altered to fine-grained white mica. The age of the rhyolite is
unknown; however, because of its recrystallized nature, it may be corelative with other
Mesozoic metarhyolites in this part of Mineral County.

- Dunlap Formation. The Dunlap Fm. was named by Muller and Farguson

(1936) for exposures in Dunlap Canyon in the Pilot Mts. about
30 km northeast of the exposures in this quadrangle. In west-central Nevada, the Dunlap is
highty variable in lithology between and within mountain ranges (Ross, 1861, p. 26) and con-
sists of quartz sandstone, chert.pebble conglomerate, andesite breccias and flows, andesitic
volcaniclastic sedimentary rocks, silistone, and minor limestone. Many of the clastic units are
colored red by iron-oxide minerals. The rocks are believed to have been deposited in alluvial fans
that extended into the marine environment (Stanley, 1971). It has been suggested (Stanley,
1871) that the Dunlap intertongues with the underlying Sunrisa Fm. that is mainly marine
limestone and mudstone.

The Dunlap Fm. is exposed in two separate localities in the southem region of the map area.
The identification of the unit is based on its lithologic similarity to typical Duniap exposure in
Mineral County and its stratigraphic position. The maximum exposed thickness in a
predominantly homoclinal sequence in the Marietta mining district is greater than 1.5 km.

Conglomarate and pebbly sandstone beds are the mast common and distinctive lithologies in
the formation. The pale to dusky red, poorly sorted conglomerate beds are commonly 2-15 cm
thick, although they range up to several meters in thickness. They are typically interbedded
with reddish sandstone and maeroon to olive shale, The clasts are subangular to rounded,
penerally 0.5-5 cm in dismeter (rarely 20-30 cm), and consist mainly of variable amounts of
gray and reddish chert, orange-pink to reddish quartzite, and volcanic rocks of silicic to in-
termediate composition (including plagioclase-hornblende-pyroxene andesite and rhyolitic flows
or tuffs). Some conglomerate beds consist almost entirely of gray to red chert, quartzite, and
siliceous siltstona clasts; in other beds, the clasts consist of 50% or greater red, intermediate
volcanic rock fragments. The matrix is generally medium grained sand that is a variable mixture
of quartz, chert, and feldspar. The conglomerate beds include both matrix- and clast-supported
types. Bedding is generally regular; cut-and-fill features and graded bedding were observed
locally. The cementing agent is generally silica; some calcite cement, which may be later than
the silica, is present in a few samples. The chert pebbles resemble massive chert beds in the
Mina Fm. and may heve been derived from tham. Volcenic rock fragments and feldspar grains
are presumably derived from rocks in contemporaneous volcanic centers.

Sandstone units in the Dunlap Fm. iregularly interfinger and are interbedded with con-
glomeratic beds; they also grade into siltstones and sandy siltstones of similar color and
mineralogy. The sandstone beds are mostly mineralogically immature, medium to fine grained,
and poorly sorted. Rare, white to light brown, silica-cemented, and calcareous orthoguartzite
occurs in the formation; however, the majority of the sandstone beds are gray, grayish-red-
purple, and dusky red units consisting of a variable mixture of subangular to subrounded grains
of quariz, feldspar, and chert. Depending upon the proportions of these components and the
nomenclature used, thess rocks can be categorized as feldspathic sandstone, wacke, or
feldspathic-lithic sandstone.

Limestone is rare in the Dunlap Fm. in the quedrangle. At one locality, finely laminated
limestone beds (with crinkled bedding of probable algal origin] are interbedded with calcareous
quartz sandstone and purple shale. At another locality, dark gray, sparsely fossiliferous
limestone is interbedded with dark pebbly siltstone. The fossils are tentatively identified as
conchostracans (a kind of crustacean); they have little age significance but are widely
distributed in Phanerozoic freshwater and brackish deposits (N, J. Silberling, written commun,,
1980). Also, a few beds of massive limestone and interbedded calcareous quartz sandstone are
exposed near the west edge of the quadrangle southwest of the Badger Mine.

Andesite flows are mapped separately in the Dunlap Fm.; within the quadrangle these rocks
are present only in the south-central area of Dunlap exposure. The andesite flow subdivision
(Jdal consists predominantly of grayish-purple andesite with plagioclase phenocrysts 1-2 mm in
length appearing as small white specks in hand specimens. The original mafic minerals were
homblende and pyroxene(?). A few interbedded conglomerate beds are included with the
andesite mep unit. The granodiorite porphyry that intrudes the Dunlap could be related to
Jurassic andesitic volcanism (which also includes the sndesite flows in the Dunlap).

The rocks of the Dunlap Fm. have been regionally metamorphased to the greenschist facies,
as have all of the other pre-Late Cretaceous units in the quadrangle. These metamorphic
changes are more obvious in mafic volcanic rocks or their volcaniclastic equivalents. For exam-
ple, homblende and pyroxene(?) in the Dunlap andesite lavas are completely replaced by
chiorite; plagioclase is converted to finely crystalline white mica and albite, and the matrix is
completely recrystallized. In the clastic rocks, the metamarphic changes are not obvious in the
siliceous fraction; feldspar grains are affected similarly to those in the andesite. Also, epidote,
chiorite, and stilpnomelane(?) were observed in thin sections of some of the clastic rocks.

The Dunlap Fm. in the quadrangle is unconformably overlain by several Tertiary volcanic
units. In many areas, the Dunlap is in tectonic contact with other pre-Tertiary units; it is not in
contact with the Gold Range Fm. in the quadrangle. At one locality to the west of Moho Mtn.
the Dunlap overlies Mina Fm. with angular unconformity; the underlying Mina there is
weathered and oxidized 2-3 m below this contact. Fisewhere in the quadrangle the Dunlap-
Mina contact is a thrust fault.

Most of the Dunlap Fm. in the quadrangle was deposited in a subaerial environment; the
clastic rocks probably represent alluvial fan deposits (see Stanley, 1971), There is little sug-
gestion of @ marine origin for most of these rocks—several of the limestone units described
previously, for example, could readily be interpreted as lacustrine. However, Nielsen (1964)
reports finding poorly preserved pectinoid pelecypod remains tentatively identified as Weyls sp.
(probably Early Jurassic) in an area 4.8 km northwest of Marietta. This fossil locality could not
be relocated during this study, but it is probably in carbonate rocks exposed southwest of the
Badger Mine. It is interpreted to be in the lower part of the Dunlap present in the quadrangle
and suggests a marine origin for at least a part of the formation. Elsewhere in Mineral County
maring fossils are relatively common in certain Dunlap limestone beds,

The Dunlap Fm. is Early Jurassic (Pliensbachian and Toarcian) based on pelecypods and am-
monites found within the lower part at several localities in Mineral County (Muller and
Fergusan, 1938, p. 1621; Wetterauer, 1877, p. 26-30; Stewart and others, 1981). However,
it is fikely that some rocks in Mineral County that have been mapped as Dunlap on the basis of
lithologic similarity with age-constrained Dunlep rocks may range into the Middie Jurassic or
younger; also, some Cretaceous rocks may have been erroneously included within the Dunlap,
Quartzrich sandstone in the Dunlap is similar to Jurassic sands elsewhere in Nevade and sur-
rounding states, including the widespread Navejo, Nugget, and Aztec Sandstones, as well as
the Boyer Ranch Fm. in Churchill County, the Preachers Fm. (Noble, 1962) in Douglas County,
and probable Jurassic quartzitic sandstone in the southcentral Sierra Nevada (Stewan, 1980).
A common source for these sends (Stanley and others, 1871) suggests their host units are
penerally correlative. The Dunlap also may intertongue with & part of the Sunrise Fm., which
underties the Dunlap at several places in Mineral County (Stanley, 1971).

Siliciclastic motasedimentary rocks and mets-andesite. An

assemblage of light to dark greenish-gray homfels, poorly to well-bedded
clastic metasedimentary rocks, and meta-andesite are exposed near the west-central margin of
the quadrangle (the northeast flank of Excelsior Mtn.). Whers attitudes can be determined, the
strike is west to northwest and dips are southwest; however, the amount of dip is extremely
varisble. The thickness of the entire unit, including a single thick meta-andesite (mapped
separately), is 1-2 km if there are no undetected structural complications. Neither the deposi-
tional base nor the top of the unit is exposed in the map area. The unit is cut off by a small
body of granodiorite at the northeast end of its exposure; to the northwest it is unconformably
overlain by Tertiary laharic andesite breccia.

The siliciclastic sedimentary rocks (Mzs) consist of light to dark greenish-gray, fine-grained
quartz and chert granule sandstones and siltstones interbedded with lesser amounts of chert-
and volcanic-pebble conglomerate. Commonly, the sequence contains less than 5% porphyritic
lavas and breccias of intermediate composition, In addition, a few beds (genaerally less than 1 m
thick) of white, coarsely crystaliine marble are present.

The sandstona beds in the Mzs unit sre gensrally fine to medium grained end consist of
quartz andlor chert grains with a minor amount of muscovite or chlorite {originally argillaceous
matter). Where present, bedding is even and regular; beds are 5-20 cm thick. Fine lamination
ond crossbedding are rore. The sandstones are interbedded with siliceous siltstone, pebbly
quartz sandstone, and minor conglomerate. The subrounded conglomerate clasts are
predominantly dark chert, although subordinate amounts of light gray quartzite and felsic 1o in-
termediate volcanic rocks are also locally present. Some samples of sandstone, when examined
in thin section, show 5-10% plagioclase grains. Pebbles in the conglomerate units are generally
less than 3 cm in diameter.

A single unit of andesite, mapped separately, occurs neer the middle of the section at the
west edge of the quadrangle. This andesite appears to be approximately 500 m thick, and its
contacts with the enclosing rocks seem to parallel conglomerate beds within the adjacent
clastic units. Much of the andesite consists of massive flows and flow breccias. The majority
of the rocks in this unit are light to dark greenish-gray, finely crystalline andesite, Generally,
the only phenocrysts recognizable in hand specimens are white plagioclase (generally less than
1 mm in length; rarely up to 3x5 mm). No phenocrystic quartz was observed, An amygdaloidal
flow was noted at ona locality.

The siliciclastic rocks and andesite are metamorphossd to the greenschist facies. Massive
units have been converted to dark homfels. The thin carbonate beds sre recrystallized to
coarsely crystalline marble; tremolite is also locally present. In thin section, intermediate
volcanic rocks in the unit contain chlorite, epidote, stilpnomelane(?), white mica, and actinolite.
The green coloration of the metasedimentary and metavolcanic rocks is due to these
greenschist metamorphic minerals. Original argillaceous material in the clastic rocks is generally
converted to chiorite or other micaceous minerals.

The age and correlation of the siliciclastic metasedimentary rocks end meta-andesite is uncer-
tain. The unit is probably predominantly subaerially deposited and resembles several other
Mesozoic units in this part of western Nevada. The unit is lithologically most similar to portions
of the Dunlap Fm. and other similar rocks of uncertain age and affiliation exposed in the sur-
rounding ranges. The andesitic volcanic component, as well es chert-pebble conglomerate and
mlatively pure quartz sandstone units, is slso suggestive of the Dunlap or related rocks.
However, the unit differs significantly from rocks of the Dunisp mapped in the south-central
part of the quadrangle. There is o similarity between some portions of the unit and parts of the
Bold Range Fm., especially that portion exposed near Garfield Mill. The meta-andesite in the
unit resembles map unit Mza and may ba correlative. The reletionship to unit Mzsv is unknown.
Without age information, possible correlative rocks can only be suggested. The unit is probably
Mesozoic (as no Paleozoic rocks in this part of the Stste resemble it} and is older than the
B4-m.y.-old granodiorite which intrudes i

Mata-andesite and diorite. The meta-andesite and diorite unit forms a

small {about 0.5 km') outcrop of thermally metamorphosed rocks near
the westorn edge of the quadrangle. The rock is predominantly & dark gray or greenish-gray,
due to the presence of several metamorphic minerals. The lack of layering or bedding made it
difficult to determine refiable attitudes; thus, the exposed thickness is difficult to estimate.
Granodiorite cuts off the unit to the southwest, and it is unconformably overain by Tertiary
volcanic units to the west and north,

Most of the unit was originally andesite flows, based on refict phenocrysts and fiuidal tex-
tures. Many samples are best characterized as homfels consisting of plegioclase, pyroxene,
biatite, stilpnomelane(?), epidote, actinofite, and Fe-Ti oxide minerals. Typically, in thin
section the rocks consist of @ mosaic of recrystallized plagioclase and mafic minerals; relict
plagioclase is present, and original homblende andjor pyroxens are replaced by actinolits and
epidote. Phenocrysts of plagioclase up 1o 3x5 mm can be obsarved on weathered surfaces of
selected hand samples. Some metamorphosed volcaniclastic rocks may also be reprasented in
the wnit.

The rocks are thermally metamarphosed to the greenschist facies or locally to the lower am-
phibolite or pyroxene hornfels facies. Some dynamothermal metamorphic effects are noted nesr
the intrusive contact with the small body of granodiorite, where incipient schistose textures are
noted in spotted hornfels.

Two very small outcrops of diorite (Mzad) are mapped within the main mass of meta-
andesite. Thay are probably intrusive masses related to the accumulation of the andesitic lavas
{Mza). The rock is similar in color and mineralogy to the andesitic rocks but has a phaneritic
texture. In thin section, the diorite appears to have originally consisted of subhedral 3x5 mm
plagioclase (60%); mafic minerals, probably pyroxene sndior homblende (30%); interstitial
quartz and potassium feldspar(?) (5%); and Fe-Ti oxide minerals. The original mafic minerals
have been converted to actinolite and epidote end the plagioclase is sericitized.

These andesitic volcanic rocks are probably Mesozic and are older than the B4-m.y.-old
granodiorite which intrudes them. They are similar to the andesite subunit Mzsa end possibly
correlative with it (thus with the Dunlap Fm. as welll. The relationship to the rocks of unit
Mzsv is unknown.

Mutaveicaniclastic and metavoleanic rocks. A unit of dark meta-andesite,

metamorphosed feldspathic sandstone, and minor conglomerate is exposed
in the southwest corner of the Moho Mtn. quadrangle and in & smaller ares to the west of Gar-
figld Mill. The attitudes in these rocks are diverse, suggesting some undetected structural com-
plications. An estimated thickness is not possible. The rocks have been intruded by biotite,
quartz, monzonite, and quartz-eye granite porphyry and tectonically underie the Dunlap and
Gold Range Fms, Within the quadrangle, they are not in narmal stratigraphic contact with any
other units.

The predominant lithology of this unit consists of approximately equal amounts of dark mafic
1o intermediate volcanic rock (meta-andesite) and dark feldspathic and lithic sandstone. Con:
plomerate and siltstone make up not more than 10% of the unit. Outcrops are generally black
weathering and rugged.

The metavolcanic rocks consist of andesite flows and flowl?) breccias. They originally con-
tained hornblende andjor pyroxens phenocrysts as well ss tabular white plagioclase
phenocrysts (generally less than 1 cm in length). The plagiociase phenocrysts are often amrang-
od in fluidal textures, and one sample of breccia had a probable flow-banded matrix.
Phenocrystic quartz was not observed in the volcanic rocks. The original mafic minerals are
converted to actinolite and minor epidote and calcite; plagioclase is sericitized.

The volcaniclastic rocks are predominantly very dark gray and grayish-green 1o medium gray
feldspathic sandstones, Source rocks were similar to the interbedded mafic volcanic rocks.
Lithic fragments in pebbly sandstones are indistinguishable from the associated volcanic rocks.
One representative sample of feldspathic sandstone consists of 0.4-1.2 mm grains of approx-
imately equal smounts of mafic minerals (mainly homblende but also some pyroxene) and
plagioclase in @ matrix of smaller mineral grains of similar composition and fine recrystaliized
matter of undetermined composition. Lithic fragments in this sample are in the 1-2 m size range
and consist of andesite with a pilotaxitic texture. The basaltici?) hornblende is rimmed with Fe-

Ti oxide minerals, and the plagioclase is zoned and contains “spongy” cores; these features
sugest andesitic volcanic rocks as the source of the sedimenl. Some sandstones examined
consist almost entirely of 1-4 mm fithic (andesite) grains with rare quartz and feldspar.

The volcaniclastic sandstone is fine to coarse grained and rarely exhibits plane laminations or
crossbedding. No graded bedding or other facing features were observed. Clasts in the pebbly
sandstone and conglomerate are usually porphyritic andesite a few centimeters in diameter;
they rarely attain a size of 15 cm. Dark purple conglomerate and olive or purple siltstone and
pebbly siltstone are rare but locally present within the unit. Pebbles and cobbles in these con-
glomerate beds consist of over 50% andesitic volcanic fragments; the remainder is gray chert.
Felsic volcanic fragments are rare constituents of the conglomerate and breccia units, and very
sparse granitic fragments {two localities) and sedimentary(?) carbonate clasts {one locality)
were slso observed.

The volcaniclastic and volcanic rocks have been thermally metamorphosed to the greenschist
facies. The metamorphic minerals noted include actinolite, stilpnomelane(?), and epidote. The
intensity of this metamorphism appears to increase slightly in the vicinity of the biotite quartz
manzonite.

The correlation of this map unit is difficult, as it is for several other Mesozoic(?) units in the
quadrangle. Although some of the chert- and volcanic-pebble conglomerate beds resemble those
in the Dunlap end Gold Range Fms. and in the unnamed siliciclestic unit (Mzs), the
predominance of andesite and andesite-derived sediments sets the unit apart from others in the
quadrangle. The environment of deposition is probably subaerial, The age of the unit is probably
Mesozoic but older than the mid-Cretaceous granitic rocks which intrude it,

Bowen and Oldow (1980) have included portions of this unit and other clastic and volcanic
rocks in this quadrangle in their Marietta assemblege, which they intarpret to be juxtaposed by
thrust faulting with Permian Black Dyke Fm. as well &s other units. Meta-andesites exposed in
the main canyon west of the Marietta Mines and as a thin band along the thrust fault to the
northwest are interpreted by them to be Black Dyke [John Oldow, oral commun. and unpub.
mapping, 1881). This interpretation is unlikely as massive meta-andesite (similar to the Black
Dyka is interbedded with the volcaniclastic rocks described above (which are unlike the Black
Dyke) in canyons 1.5 km west of the Marietta Mines. Thus, the meta-andesite does not appear
to be confined to & certain structural position and is probably interbedded with rocks that do
not resemble the Black Dyke. Additionally, no obvious thrust faults were obsarved during mapp-
ing in this ares; however, portions of the Mzav unit shown on the accompanying map do resem-
bie the Black Dyke, and slternate interpretations are possible.

PERMIAN ROCKS
Mina Formation. The Mina Fm. was named by Speed (1977a), who designated
the type area as lower Douglas Canyon near Mina in the northeast corner of the
adjacent Camp Douglas quadrangle. The base of the formation is nowhere exposed, and a
possible angular unconformity with the overlying Gold Range Fm. is present to the east of
Moho Mtn. (Speed, 1877a; Garside, 1979). North of Moha Min., conglomerate beds of the
Dunlap Fm. overlie the unit with angular uncontormity. Where stratigraphic tops can be deter-
mined from graded bedding, the azimuth, dip, and stratigraphic-up direction of individual beds
often vary significantly between outcrops of a few tens to hundreds of meters apart. The
Mina is isoclinally folded andlor thrust faulted, and therefore, no true stratigraphic thickness
can be determined. Speed (1977a) suggests that the formation is 1 km or more thick.

Moho Mtn. comprises the approximately 8 km® area of outcrop of the Mina Fm. in the
quadrangle. At Moho Mtn, the unit is in both depositional and thrust contact with the Jurassic
Duniap Fm.

The Mina Fm. consists of interbedded, massively to well-bedded feldspathic graywacke,
chert, and siltstone. The dark gray to dark greenish-gray graywacke often exhibits features in-
dicative of deposition from turbidity currents. Normal graded bedding is relatively common in
some areas and is often useful for determining the stratigraphic-up direction; in addition, poor
sorting, lithic clasts of mafic volcanic rocks and feldspathic mudstone, plane lamination, and
convolute lamination are present. A number of the dark colored, more massive units resemble
mafic igneous rocks, from which they were derived. The igneous rock fragments, which may be
from 1 em to 10-15 cm in diameter, are usually andesites and dacites similar in composition to
the feldspathic graywacke within which they are included. Sand grains are commonly in the
medium to coarse sand-size range, although single turbidite units may grade upward into
feldspathic siltstone. The graywacke beds commonly consist of approximately one-third silt-
sized, recrystallized matrix; the sand-sized portion contains plagioclase, homblende, pyroxene,
quartz, and lithic fragments, in order of decreasing abundance. Plagioclase may compose over
B0% of the rock, hornblende and minor pyroxene approximately 10%, and quartz and rock
fragments 1.3%; the remainder is @ fine matrix that maey pertially consist of silt-sized
plagioclase. Individual turbidite beds range from approximately 1 cm to several meters in
thickness. Some portions of the Mina Fm. are well bedded, while other areas may consist only
of massive units which yield few good attitudes. According to Speed (1977b), the
volcanogenic turbidites are both proximal and distal, and massive sandstone units are of prob-
able grain-flow origin.

Siltstone and chert units compose less than one-quarter of the Mina Fm. exposed on Moho
Min. The siltstones are gray to olive rocks consisting of interbedded feldspathic and quarizose
units. Some features suggestive of turbidity-current deposition are also seen in the siltstone
beds. Chert beds are generally massive gray to reddish-brown rocks that are commonly in-
terbedded with siltstone and fine-grained graywacke.

Speed (1977a) suggests that the probable depositional site of the Mina Fm. was proximal to
the source of the sediment and was probably a subsea fan. The volcanic composition of the
graywacke and included clasts indicates a volcanic source that was apparently an andesitic
island arc. The volcanic rocks of this island arc may be partly represented by the apparently
contemporanecus Black Oyke Fm. described below.

The age of at least part of the Mina Fm. is Permian on the basis of K-Ar dating and fossil
evidence (Speed, 1977a). K-Ar ages of detrital hornblende believed to be essentially equivalent
in age to the enclosing turbidites indicate a minimum age of 256 m.y.; also, poorly preserved
fusulinids from the vicinity of the Moho Mine near the southeast comer of the quadrangle are
suggestive of Schwagering sp., an Early Permian form (Speed, 1977a). Radiolarians collected
from chert in the Mina Fm. of the Garfield Hills and Pilot Mts. are also Permian (0. L. Jones,
written commun., 1980; R. C. Speed, written commun., 1981).

Black Dyke Formation. The Black Dyke Fm. was named by Spead (1977a), who

designated the type area as Black Dyke Mitn, located approximately 25 km
northeast of the exposures in the Moho Min. quadrangle. It consists of mafic volcanic breccia
and minor intervals of related valcanogenic sedimentary rocks, lava flows, and mafic intrusive
rocks. Also, a small exposure of probable Black Dyke Fm. is reported from the Camp Douglas
quadrangle (Garside, 1979) adjacent 1o the map area.

The Black Dyke Fm. is exposed in a single large block (over 10 km’) in the south-central part
of the guadrangle. In many areas there are no obvious bedding features; thus, sttitudes are
relatively rare, and the internal structure and stratigraphy of the block is poorly understood. In
addition, the Black Dyke Fm. probably underwent significant tectonic transport during the
Sonoma orogeny, resulting in structural complexities (thrust faults, isoclinal folds) similar to
those occurring in the Mina Fm. Structural disruption and paucity of bedding attitudes make a
refiable thickness estimate for the formation impossible.

The mafic volcanic rocks in the Mina Fm, are very dark colored, generally dark gray to dark
greenish-gray and originally consisted of variable amounts of pyroxene, homblende, and calcic
plagiociase phenocrysts in a fine-grained matrix of similar mineralogy. Magnetite is a comman
accessory, and most hand samples are magnetic. Many of these volcanic rocks are breccias and
volcanic conglomerates. The breccias probably include both flow breccias and debris flows;
most of the breccia fragments do not appear to be pieces of pillows.

The volcanic conglomerates are mostly matrix-supported; both monalithologic and
heterolithologic types are represented. The matrix-supported rocks are probably of debris-flow
origin. Flows and intrusive(?) rocks exhibit fluidal texture and may contain mafic phenocrysts
up to 0.5 cm and white plagioclase laths over 1 cm in length. The breccias snd conglomerates
are generally massive and contain subangular to subrounded fragments 5-40 cm in diamater. In
thin section, some of the andesitic volcanic rocks exhibit textures that suggest they are
hyaloclastites or hyalotuffs, Based on phenocryst mineralogy, the composition of the volcanic
rocks of the Black Dyke Fm. is basaltic andesite; this is confirmed by chemical analyses [Speed,
18774). Talukdar (1972) and Rogers and others (1974) interpret these rocks as similar to
rocks of the shoshonitic suite.

Only one outcrop of easily identified pillow lava was found during mapping. The pillows at
that ouctrop are approximately 30x60 cm in cross section and contain 0.5-1 cm vesicles con-
centrated in concentric bands. The size and arrangement of the vesicles suggest deposition in
water less then 500 m deep (Jones, 1968). The rocks surrounding this outcrop are
heterolithologic andesite debris flows(?).

Another interesting rock type examined a1 only one outcrop is a lithic-rich dacitic welded tuff.
The tuff is about 1 m thick and consists of lithic fragments of andesite {up to 1x2 cm), ver-
micular and embayed quartz (generally less than 2 mm), smaller broken feldspar crystals (about
0.2 mm), biotite, and white compacted pumice. The relatively dense welding and thinness of
the wif indicate probable subaerial deposition.

Interbedded sedimentary rocks in the Black Dyke Fm. are massive to laminated graywacke
consisting mainly of sand-sized grains of plagioclase, homblende, and pyroxene in & silt-sized
matrix, Some beds exhibit grading, plane lamination, rare flame structure, and othar features
suggesting turbidity-current deposition. These turbidites closely resemble similar rocks in the
Mina Fm.

The Black Dyke Fm. has been regionally metamorphosed, produting rocks of the greenschist
facies. Mafic minerals, generally hornblende and pyroxene, have been converted to chiorite, ac-
tinofite, albite, epidote, calcite, and rare biotite; feldspars are albitized and sericitized. The
otiginal rock megascopic textures are predominantly intact,

Speed (1977a) suggests that the source of the volcanic rocks and clasts in the Black Dyke
Fm. was an andesitic volcano or a volcanic complex associated with a volcanic arc in a marine
environment. The interbedded turbidites indicate that a1 least pant of the formation was
deposited below wave base, although not necessarily at great depth. The pillow lavas are sub-
aqueous, although of shallow water origin, The debris flows might be either subaerial or sub-
aqueous, and hyaloclastite and hyalotuff are at least partially supgestive of subaqueous
deposits. The welded twif is almost certainly subaerial.

The Black Dyke Fm. has been age dated (Speed and Armstrong, 1971) as Permian by K-Ar
methods both at the type area (25243 m.y,, 25343 m.y) and in the eastern part of the area
of exposure in the Moho Mtn. quadrangle (2533 m.y., 21843 m.y.). The concordanca of
three of the four dates indicates a probable minimum age of 253 m.y, for the formation, mak-
ing it essentially equivalent in age to the Mina Fm.

STRUCTURAL GEOLDGY

The Moho Mtn. quadrangle lies in the central Excelsior Mts., an east- to southeast-trending
range whose form is controlled by high-angle faults of similar trend, The Excelsior Mts., with
adjacent ranges to the north and south, composa a structurally anomalous zone of east. to
southeast-trending faults common to the Basin and Range physiographic province in
westemn Nevada. This area has been called the Mono Basin-Excelsior Mis. structural zone
(Gilbert and Reynolds, 1973; Shaw, 1965),

The quadrangle fies 15-20 km west of the Walker Lane, a major tectonic zone (Locke and
others, 1940) believed to have a combined right-lateral displacement of 20-40 km along
several northwest-trending fault strands (Nielson, 1965; Hardyman and others, 1975),

Pre-Tertiary folds and faults in the late Paleozoic and Mesozoic rocks of this part of Nevada
represent several periods of deformation. As the age of the rocks affected is not always well
known, regional interpretations of the pre-Tertiary structural history are difficult.

Folds and thrust faults. The oldest deformation in the quadrangle is believed 10 be recorded
only in the Black Dyke and Mina Fms. Dips and facing directions in the Mina exposed on Moho
Mtn. often vary substantially within short distances, Although bedding features often are not
present or exposed well enough to determine the exact structural style of the deformation, the
Mina elsewhere in the vicinity of the quadrangle has been isoclinally folded andlor subjected to
multiple thrust faulting (Garside, 1979; Speed, 1977a), The general strike of bedding in the
Moho Mtn. block is northeasterly; no fold hinges were seen in these rocks, although dips often
change from northwest to southeast over short distances. Thrust faults of post-Dunlap age
that also probably cut the Mina are another complicating factor. Dips and facing directions in
the Black Dyke Fm. are less easily obtained than those in the Mina; however, those measured
suggest that the Black Dyke is also, in part, upside down. The structural deformation exhibited
in the Mina may be less severe in the Black Dyke or merely not as readily obsarved. The Mina
and Black Dyke Fms. are not known 1o be in either structural or stratigraphic contact with
each other in areas where they have been studied in detail.

The intense deformation in the Mina and Black Dyke Fms. predates the deposition of
142-m.y.-0ld siliceous volcanic rocks exposed in Telephone Canyon of the Pilot Mts. 20 km to
the east (Oldow, 1978, p. 141; Speed and Kistler, 1980). Although exact dating is not possi-
ble at this time it is likely that this older deformation is related to a late Paleozoic or early
Mesozoic tectonic event that can be considered part of the Sonoma orogeny (Stewart, 1980,
p. 59). Most recently proposed tectonic models have suggested that the Sonoma orogeny is
related to the collision of an oceanic arc with the continent; however, there is uncertainty con-
ceming the details of this collision [Stewart, 1980; Stewart and others, 1977), Speed (1979,
p. 286) has proposed that this oceanic arc (which includes the Mina and Black Dyke) was ac-
crated as a microplate {Sonomia) to the North American continent between early Early Triassic
and late Middle Triassic time.

Thrust faulting younger than the Sonoma orogeny occurs at several localities within the
quadrangle. The nature of tectonic contacts between pre-Tertiary units in the quadrangle is ob-
vious in a few places but relatively obscure in many others. Some faults that separate pre-
Tertiary units are believed to be thrusts, but their present attitudes are sither high angle or in-
determinate.

Along the west margin of Moho Mtn., rocks of the Mina Fm. are thrust over Duniap Fm. The
major fault separating the two formations there appears to be relatively low angle, especially
where it is exposed in & small window. Hi , the imbricated(?) thrust faults bounding
several small slivers of Dunlap exposed to the east of the main thrust contact have steeper

dips.

The large block of Black Dyke Fm. in the south-central region of the quadrangle is bounded
on the sast by a probable thrust Fault contract with lower{7} plate Dunlap Fm. This fault is high
angle, but a tectonic(?) sliver of Dunlap within the Black Dyke block suggests that the Dunlap
Fm. may tectonically underlie the Black Dyke. The western margin of this block of Black Dyke
Fm. is bounded by a fault or faults that are in part high angle. The southwest boundary of the
block consists of a 40-100 m wide zone of crushed conglomerate and mafic volcanic rocks. In-
dividual fault planes within this zone vary from low to high angle. The northwest boundary of
the Black Dyke block is a high-angle fault, generally with a 1-2 m crushed zone where observ-
ed. This fault cuts Tertiary andesitic volcanic rocks and could be either & Tertiary normal fault
or @ Mesozoic thrust fault with & relatively high-angle fault plane and renewed movement in the
late Tertiary. For several reasons, it seems more likely that these faults bounding the north-
west and southwest margins of the block of Black Dyke Fm. are thrust faults. Neither of the
tauits appear to continue past their intersection in the canyon at the westem terminus of the
Black Oyke, suggesting that they are a single sinuous fault. Also, the obvious easterly dipping
thrust fault present just to the west of the block, in the vicinity of the Marietta Mines, may be
8 related tectonic feature. Because the dip direction of the probable thrust fault bounding the
Black Dyke block is uncertain, determination of the upper plate is not possible. The Black Dyke
Fm. is interpreted as the upper plate in the cross sections.

A thrust fault which emplaced Dunlap Fm. over Mesozoic(?) volcanic and volcaniclastic rocks
(Mzsv) is well exposed in prospect pits and short adits of the Marietta Mines area. To the
northwest of the Marietta Mines, this fault is high angle and has been cut by younger high-
angle faults. Dikes of quartz-eye granite porphyry are intruded along the thrust fault farther to
the northwest. Locally, extensive crush zones are present slong the fault trace.

To the west of the Garfield Mill in the northeast comer of the quadrangle, Gold Range Fm. is
interpreted to be thrust over Mesozoic(?} volcanic and volcaniclastic rocks (Mzsv), If this inter-
pretation is correct, the overall thrust fault surface appears to be a gentle, northeast-trending
antiform. Attitudes of bedding within these rocks are obscure end complex.

The late Mesozoic thrust faulting described in the preceding paragraphs post-dates the defor-
mation related to the Sonoma orogeny and involves rocks as young as the Cretaceous Gold
Range Fm. (see Garside, 1979; Speed and Kistler, 1980). The thrust faulting in the southern
portion of the quadrangle involves Lower Jurassic Dunlap Fm.; in one area, dikes of quartzeye
granite porphyry, probably 90-100 m.y. in age, are intruded along the thrust fault. Thus, at
least some and possibly all post-Sonoma thrust faulting in this part of the Excelsior Mts. is mid-
Cretaceous. Bowen and Oldow (1980) have suggested that this deformation in the Excelsior
Mts. is related to a regionally extensive late Mesozoic thrust fault (the Luning Thrust),

As Speed and Kistler (1980) have discussed, it is not certain whether all of the post-Si
thrust faulting in this part of western Nevada is Cretaceous or whether tectonism extended
over the middle and late Mesozoic. However, geologic studies in several areas of southern and
western Nevada and eastern California (Fleck, 1970; Tobisch and others, 1977; Hudson and
Oriel, 1979; Nobla, 1962) do suggest that Cretaceous tectonic activity was widespread in this
part of the Cordillara.

High-angle faults. The high-angle faults in the Moho Min. quadrangle ars predominantly
east to east-northeast trending, as is the trend of the Excelsior Range that is controlled by
some of these faults. This trend is anomalous with respect to the northerly trending basin-and-
range faults of much of western Nevada west of the Walker Lane. Strike-slip or oblique-siip
movement has been suggested for a number of these east-west faults and the evidence
available suggests that the movement on several of these faults is the result of left-oblique slip
(Gilbert and Reynolds, 1973; Ekren and others, 1876; Shaw, 1965; Speed and Cogbill,
18784a). An appealing explanation for these faults is that they are conjugate sntithetic strike-
slip faults that form at nearly right angles to major wrench faults such as the Walker Lane,
Antithetic strike-slip faults formed in this manner will have a displacement sense opposite that
of the wrench fault (Wilcox and others, 1973), which is the right-lateral Walker Lane in this in-
stance.

High-angle faults in the northwesterm part of the quadrangle cut Quatemary alluvial units,
the 5.7-m.y.-old basalt of Rattlesnake Canyon, and Miocene andesitic rocks. Thesa faults have
been interpreted as part of the Pritchards Station fingament in central and western Nevada
(Ekren and others, 1976). Direct evidence of the sense of movement on high-angle faults in the
northwestern Moho Mtn. quadrangle is lacking, but their relatively straight traces and the fact
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that no consistent upthrown side exists suggest that they are principally strike-siip faults.
Although some of the faults were active in the Quatemary, Ekren and others (19876) report the
presence of mylonite (older than the basalt of Rattlesnake Canyon) in granitic rock adjacent to
the fault. This older mylanite probably indicates that the fault zone has been active for a con.
siderable period of time.

In the southeast part of the quadrangle, a number of east-trending, high-angle faults separate
Tertiary and pre-Tertiary rocks north of the Marietta mining district. In addition, a northeast.
trending fault bounds the east side of Excelsior Min., located at the west-central edge of the
quadrangle. One of these faults, located to the west of the Endowment Mine, reportedly had
left-oblique slip during a 1934 earthquake (Callaghan and Gianella, 1835).

In the south-central part of the quadrangle, several complex, north-northeast trending faults
cut Dunlap Fm. and pyroxene homblende andesite flows. In one area a fault is intruded by a
dike of the pyroxene homblende andesite, These high-angle faults hava disrupted rocks of the
Dunlap to such an extent that any possible pre-Tertiary structural features cannot be recognized,

In the southeast part of the quadrangle south of Moho Mtn., a major east-west fault cuts
Quaternary older gravel deposits. This fault is a part of & major fault zone forming the boun-
dary of the Excelsior Mts. and is probably essentially continuous with a northeast-trending
fault along the north edge of Huntoon Valley 25 km to the southwest (Garside, 1878). Speed
and Cogbilll (1978a) report that measurements of striae on a bedrock scarp of this fault in-
dicate it is oblique slip, with the strike-slip component approximataly three times the dip-slip
component. Based on this measurement and an estimated southerly throw of over 300 m in the
past 15 m.y., they estimate left-lateral offset of 1 kilometer or more. A Holocene unit about
3B00 years old, consisting of spring travertine, peat, and volcanic ash appears to be cut by a
strand of this fault south of Moho Mtn. In addition, an east-trending fault exposed near the
east-central edge of the quadrangle may have Holocene movement, as several drainages in this
area appear 1o have been recently disrupted.

HYDROTHERMAL ALTERATION AND MINERAL DEPOSITS

A detailed survey of mineralization in the quadrangle was not included in this study; however,
nearly all of the mines and prospects were visited during the geologic mapping. The following
discussion combines published and unpublished information with data collected during this
study.

Mines and prospects in the quadrangle are often included within the Silver Star mining
district, a rather loosely defined district that covers much of the central part of the Excelsior
Mts. The mines in the southwest part of the quadrangle (in the vicinity of Marietta) are usually
separated into @ more areally restricted district, the Marietta (Black Mountain) mining district.
Published production figures from these and surrounding districts are often intermingled.
Mineralized veins and areas of hydrothermal alteration are generalized on the map and describ-
ed more fully below, generally from north to south.

Silicified and alunitized areas. An extensive area of hornblende-pyroxene andesite in the
northern half of the quadrangle is hydrothermally sltered to @ mixture of chalcedony, alunite,
and clay minerals. The generalized outcrop pattem of this alteration is shown on the map; prob-
ably more than 2 km' of exposed rocks sre altered within & considerably larger area of
homblende-pyroxene andesite. The original character of these strongly altered rocks can be dif-
ficult to determine, although it is often possible to recognize ghosts of homblende or
plagioclase phenocrysts. Pyrite or iron-oxide minerals after pyrite sre locally present, and
opaline silica was seen at one locality. Disseminated pyrite in the Gold Range Fm. in NW/4
S34,TEN,R33E may also be related to this alteration event.

In addition to the silicification and alunitization these rocks have undergone, they often con-
tain imegular patches or zones of hydrothermal breccia consisting of fragments of variably
altered andesite (up to 1 cm in diameter) floating in an altered matrix of milled rock flour and
alunite, These hydrothermal breccias are believed to form during periodic explosive boiling of
hydrothermal solutions. Hydrothermal breccias and the associated alteration are relatively com-
mon in the solfataric hot-spring environment of the upper levels of high-sulfur magmatic
hydrothermal systems (for example, see Gustafson and Hunt, 1875),

Coarsely crystalling, fight yellow hypogene alunite from one sample (NW/4 SW/4 SWi4
532, T6N RIIE) was dated by K-Ar methods at 15.3 £6 m.y. (E. H. McKee, written commun.,
1881). Some finer grained alunite in the rocks could be of supergene origin. Geochemical
samples of altered rock from the area collected during this study are not particularly anomalous
in metallic elements; however, the area is a prospective target for mineral exploration.

Northern quadrangle. Prospects in the northem half of the quadrangle are exclusively in the
pre-Tertiary rocks, contain copper and lead sulfides andjor their oxidation products, and are
commonly associated with quartz veins. Vein barite mineralization is also present.

A northeast-trending line of adits and raises in the hills about 1.5 km southwest of Garfield
Mill explore @ N25 °E,B0 °NW fault that contains lead and copper-oxide minerals as well as
silver. A prospect pit 400 m to the east contains magnetite, epidote, and minor copper-oxide
minerals in a 75-cm-wide zone. White, coarsely crystalline vein barite float was observed in pre-
Tertiary rocks in SE/4 SW/4 S26,TBN,RI3E, although the vein outcrop was not located. The
vein is probably similar to one exposed in a small prospect pit near C $34,TEN,A33E. This vein
consists of 0-50 em of cream-colored, coarsely crystalling barite with some included wallrock
fragments. The vein trends N30 °E and dips 75 °NW.

Small amounts of chrysocolla are present along fractures at two minor prospects in the
northwest quarter of the quadrangle; one is in a small outcrop of Mzsv(?) at the northwest cor-
ner of the quadrangle and another is at 38 °18°'47"N lat., approximately 50 m west of the
west quadrangle boundary. Also, a B-cm-wide quartz vein with palena, pyrite, potassium
feldspar, and sericite is exposed in a shallow shaft located in SW/4 NW/4 531, TEN,R33E. A
select sample from the dump of this shaft contains 70 ppm silver.

A shallow shaft located near the west edge of S33,TEN,RIJE explores a 1-2 m wide,
N10°E, B0 °SW faul zone that contains sporadic quartz vein matter. The mineralized zone cuts
Mesozoic quartz-eye granite porphyry and is sificified and sericitized. A select geochemical sam-
ple contains 100 ppm silver; the smount of lead determined suggests the presence of secon-
dary lead minerals. The minerslogy and geochemistry of this mineralization suggests an
association with other lead-silver mineralization elsewhere in the pre-Tertiary rocks of the
quadrangle.

Lead-silver veins of the Marietta (Black Mountain) mining district. The lead-silver vains
of the Marietta district were discovered in the early 1860's, although no serious mining began
until 1877, The amount of production is difficult to determine from published sources (Vander-
burg, 1837; Couch and Carpenter, 1943; Lincoln, 1823) but is probably less than $1 million.
There are several thousand meters of workings on lead-silver veins in the district. It appears
that the mill for the Endowment Mine (the main producer) may have only operated between
1877 and 1881, when most of the mining of lead-silver veins was done (Shamberger, 1978).
Other published descriptions of the district are reported in Hill (1915) and Johnson (1978).

Most of the lead-silver properties are located in the southwest quarter of the quadrangle in
an area of Dunlap Fm. approximately 4 km northwest of the town of Marietta. Another group
of mines is located sbout 3 km northeast of Marietta in rocks of the Black Dyke Fm.; they are
not accessible by motorized vehicle. In addition, a few mines and prospects are present farther
to the east in the eastern Black Dyke block, the intervening area of Dunlap, and on the west
slope of Moho Min. Only the larger and more continuous outcropping veins are plotted on the
map; minor prospects, where the vein is very short or obscure, are not shown.

The lead-silver veins are predominantly northwest to west trending and range in width from
8 few contimeters to 2 m. The dips are 50-90°, both 1o the north and south. Stoping widths
observed st the surface at the more productive mines are generally 1.2 m. Johnson (1978)
reports that the veins pinch and swell and that most are narrow (2-10 cm in width), The vein
walls are generally well defined. Where slickensides were observed in the workings, they in-
dicate dip-slip movement.

Sulfide minerals in the veins are completely or almost completely oxidized at the surface; this
oxidation extends to depths of 10-75 m below the surface. The hypogene veins consist of
palens (95-98% of total sulfide minerals), pyrite (1.5%) and tetrahedrite, sphalerite,
chalcopyrite, and boulangerite in a gangue of milky quartz and white barite (Johnson, 1978).
Anomalous arsenic in oxidized ore samples also suggests the presence of tennantite. The ore is
often very high in total sulfide minerals; rich galena ore at the major producer, the Endowment
Mine, reportedly contains 55% lead (Shamberges, 1978). No silver minerals were recognized,
although argentilerous tetrahedrite is reported from the Silver Gulch Mine (Ross, 1961, table
B.7). Analyses of select galena grains by Johnson (1978) suggest that some silver is in solid
solution in galena. Gold is generally low in the veins; Au:Ag ratios of 0.002-0.004 were deter-
mined from ore at the Endowment Mine (Nevada Bureau of Mines and Geology, unpub. data).
Higher gold values were found at one property 700 m sast of the Endowment Mine and also at
another property in unit M2sv near the west border of the quadrangle in a tourmaline- and
sericite-bearing quartz vein, Free gold is also reportedly locally present at some of the lead-
silver properties in the Black Dyke Fm. (Roy Ladd, oral commun., 1881),

Wallrock alteration adjacent to the veins consists of silicification, pyritization, and argilliza-
tion. Black Dyke Fm. is chloritized near the veins,

The minerals recognized in the oxidized zone of the veins include cerrusite, anglesite, limonite,
malachite, azurite, chalcanthite, covellite, smithsonite, brochantite, linarite (Johnson, 1978;
Ross, 1861, table 6.7), hemimorphite, jarosite, plumbojarosite, and hematite. Silver values as
high as 3000 g/t were obtained on select oxide ore samples, although no silver minerals were
noted. The age of the lead-silver veins is not known. The youngest rocks that are mineralized
are Jurassic (Dunlap Fm.); veins do not extend into the late Tertiary rocks. It seems likely that
the mineralization is similar in age to the nearby Cretaceous granitic rocks.

Annatt barite prospect. Two northeast-trending parallel veins in the Mina Fm. on the north-
west flank of Moho Mtn. are exposed by an adit and several trenches. Dips of the veins vary
from 50 °SE to vertical, The veins consist of white coarse to very coarse grained barite with
smail to moderate amounts of quartz, minor hydrated iron oxide minerals, and a trace of galena.
Contacts of the veins with the walls are sharp (Tafuri, 1973, p. 40; Keith Papke, written com-
mun., 1980). Vein barite was also noted in talus about 500 m northwest of the vein outcrops.
This barite may be from other nearby concealed barite veins of similar composition, The harite
veins are probably genetically related to the lead-silver veins in the vicinity that contain abun-
dant barite gangue.

Rutty group. A group of mines just west of the main canyon northwest of Marietta (on the
opposite side of the canyon from the Marietta Mines) repartedly has approximately 1200 m of
workings that were developed for gold in the period after 1910 and through the 1930's. The
veins reportedly contain free gold and pyrite in @ gangue of quartz and siderite(7). The veins
trend N35 °E to N35°W and have steep dips. Vein widths are up to 0.3 m (Johnson, 1978).

Marietta Mines. The mines and prospects of the Marietta Mines area (owned by Giroux
Mines Ltd.) are located approximately 1 km north of Marietta on the east side of the main can-
yon. They are developed in clastic rocks of Ounlap Fm. and along @ thrust fault which
separates the Dunlap from unit Mzsv. In addition, several small, spotty occurrences of oxide-
copper minerals are present in the area. Hypogene minerals (pyrite, chalcopyrite, and bomite)
occur very sparsely in the mineralized material present at the surface and on dumps. The oxidiz-
ed ore material contains a suite of oxide-copper minerals as well as abundant limonite gossan,
The oxide minerals reported include cuprite, malachite, azurite, chrysocolla, and manganese ox-
ide minerals (Johnsan, 1978); chalcocite is also present. Quartz and siderite are reported as
gangue minerals. The wallrocks adjacent to the veins are silicified, arpillized, and sericitized.
Silver is only 5 ppm in one ore sample analyzed; copper is the main metal present, According to
Johnson (1978), the area has been considered as a porphyry copper exploration target, and
some diamond drilling was done in the early 1960's.

Moho Mine. The Moho Mine is located in the southeast comer of the quadrangle on the
south flank of Moho Mtn. It was located in 1903 or 1904, and about $75,000 in precious
metals was produced by lessees. Some additional ore was mined and milled in the 1930's
(Vanderburg, 1937, p. 40-42), and underground exploration work was done on the property in
1879 and 1981 by Minerals Managemant Co. There are over 1000 m of underground work-
ings.

The main vein (Moho vein) is approximately 1500 m long, while the Shoemaker vein to the
west is about 700 m long. Both veins are cut off by a range-bounding fault to the south, The
Moho vein has an average width of slightly over 1 m; the Shoemaker is reportedly as wide as 3
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m in places but is of slightly lower overall grade. The veins trend sbout N15°E and dip
35° 70 °E. When slickensides are observed in the veins, they indicate dip-slip movement. The
average grade of ore mined is difficult to determine from old records. The better grade ore ap:
parently ran about 25 git Au, 300 g/t Ag, and B% Pb; however, a number of channel samples
taken in the workings during various mine evaluation studies contain only about one-third of
these values (Nevada Bureau of Mines and Geology, unpub, data), The Au:Ag ratio is variable in
unpublished analyses; probably it is in the range of 0.05-0.2. The difficulty in determining the
average grade of the ore may be due to the tendency of values to be concentrated in higher
grade shoots within the vein. The arrangement and orientation of these shoots is not
well known.

The veins at the Moho Mine contain white to gray, porcelaneous, chalcedonic quartz with
minor amounts of cerrusite, ocher-yellow pulverent jarosite, and a 2 M mica (“sericite”). Stain-
ing in the laboratory with sodium cobaltinitrite suggests that trace amounts of adularia may be
present. The wallrock alteration (in graywackes and siltstones of the Mina Fm.) consists of
silicification and sericitization. Galena is reportedly present locally as a few remanent grains; it
is probably relatively comman in hypogene ore at depths below the level of mining. The age of
mineralization is unknown.
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