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INTRUSIVE ROCKS
Mzgr  Granitic rocks of Redlich (Mesozolc)—Leucocratic quartz monzonite porphyry, muscovite, minor biotite, and abundant quartz
veins that contain molybdenite, pyrite, chalcopyrite, and fluorite (Silberman and others, 1975; John, 1987). K-Ar muscovite
alteration age is 80 Ma (see pamphlet, table 1, no. 13)
Kim Lone Mountain pluton (Cretaceous)—Medium-grained, sparsely porphyritic, foliated biotite granite and garnet-muscovite-
i biotite granite. Contains scattered, small potassium-feldspar phenocrysts. The color index is generally 3 to 5 because of the
presence of anhedral biotite flakes. A more leucocratic part crops out at the northern end of the pluton where small garnet
crystals and muscovite flakes are present. Rock generally is strongly foliated with the foliation defined by stringers of
; ; : y \ j : . B ) : e : quartz crystals and the alignment of micas. Alaskite, pegmatite, and aplite dikes and irregular bodies are common,
o BF- 9 J7 Sab RS i B e : : Fad b KE o b v i N g a1t S = et e N e iy : O Nl %S £ 5 : A, \ particularly near margins of the pluton. Description of unit by D.A. John (written commun., 1986). A Rb/Sr isochron
8 P 00T i W WL ; LN > N feu . L) A \ A — TR sy o T N R YR i 4 / 2 « L A2 ;. . indicates an age of 85 Ma (John and Robinson, 1989) for the pluton based on samples collected from the pluton from areas
NS T A - v TN \ ol . RS : ' S Lo, yei |\ T ' i \ S5 S SRANE I il = AT e AR S ALY E S0 ( . X i IE o = 3 . S 4 ‘ outside of the map area. Most K-Ar ages of the pluton are 65 to 73 Ma (see summary in Bonham and Garside, 1979, table 4;
[ i i i o — ‘f"\/ - Nty S PR e G % ' 3 : G S \, e AT N e ! ' TR A S L Bl T AR e : : A 5 ; ; recalculated using new constants) based on samples collected outside of the map area
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=t = - f T o - e e : Ly rre—t ™ A ie——— L T SpeECE - R 117°30" Jgg Granitic rocks of the Gilbert district (Early Jurassic)—Main mass is medium-grained, porphyritic biotite-hornblende
118°00' : S T 117°52'30" T17°45 117°37'30 granodiorite or granite with potassium-feldspar megacrysts as much as 6 cm long. Generally strongly chloritized. Rocks on
SCALE 1:62 500 the Carrie Mine dump are strongly argillized or sericitized, quartz-rich granitoid. K-Ar alteration age is 198 Ma (see

; ; ; ; ; table 1, no. 14). Description of unit by D.A. John (written , 1986

Base map from U.S. Geological Survey 7 1/2; quadrangles: " % B ) y 3 4 See figure 1 in pamphlet for geologic mapping credits il Bbled. o 10 B GRuRE bmbicn corasi., 1080)
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Rock Hill, Coaldale NE, Gilbert, Crow Springs, Coaldale, = 1 7 Edited by Jan Zigler; prepared by Lori Moore Ghequiere

Blair Junction. Devils G - : Jes Crow Springs pluton (Early Jurassic)—Medium-grained, coarsely porphyritic biotite-hornblende granodiorite or quartz
air Junction, Devils Gate, and Gilbert SE; 1368 10 5.0 1 2 3 4 5 KILOMETERS ) " monzodiorite. Color index is 15 to 20 because of the presence of subhedral to euhedral hornblende as much as 7 mm long
Polyconic projection HEEHEHT . == == Manuscript apprqved for publication January 11, 1934 and minor anhedral biotite. White to pink potassium-feldspar megacrysts as much as 4 cm long are scattered throughout and
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DESCRIPTION OF MAP UNITS
[Symbol is queried on map where identification of unit is uncertain]

Younger alluvium (Quaternary) —Unconsolidated alluvial fan and stream-channel sand and gravel; wind-blown sand; valley-
flat sand and silt; 1ake-bottom clay, silt, and sand; and beach sand and gravel

Travertine (Quaternary)—Travertine deposits present at one locality on east side of Crow Springs 7 1/2' quadrangle
Landslide deposits (Quaternary)
Older alluvium (Quaternary)—Unconsolidated alluvial fan and stream-chamnel sand and gravel

Basalt (Quaternary) —Trachybasalt lava, cinders, and bombs associated with small crater along southern edge of Blair Junction
7 1/2' quadrangle (Robinson and others, 1976)

Gravel and sand (Quaternary and Pliocene)

Basalt (Miocene)—Black, locally vesicular basalt flows. Generally porphyritic and contains 10-30 percent phenocrysts of
olivine (Fogs), plagioclase (An40.65), magnetite, and, in about half of the flows in the unit, diopsidic augite. Phenocryst
content indicates two types of basalt are present, one containing clinopyroxene and anorthite-rich plagioclase (Ang5_45),
and the other without clinopyroxene and with more sodic plagioclase (An4045). Characteristically, phenocrysts are set in
pilotaxitic, intergranular groundmass of plagioclase with magnetite and clinopyroxene filling the interstices. K-Ar whole
rock age is 7.2 Ma (late Miocene; see pamphlet, table 1, no. 1). Locally includes:

Sandstone and conglomerate—Sandstone and conglomerate mapped only where sedimentary sequence is at least 50 m thick.
In other areas, sedimentary rocks interfinger with basalt and are mapped as a part of the basalt (Tb) unit. Unit consists of
grayish-yellow, light-brown, and yellow-gray sandstone and conglomerate that are poorly sorted and locally tuffaceous.
Conglomerate contains clasts of chert and volcanic rocks as large as 20 cm. Age is late Miocene

Basaltic cinder (Miocene)—Reddish-brown cinder deposits related to the basalt (Tb) unit. Age is late Miocene

Basalt flows and intrusions (Miocene?)—Black, locally vesicular, aphanitic to porphyritic olivine and clinopyroxene basalt that
probably consists of both intrusive and flow units. At least, in part, older than unit Tb, but may, in part, be equivalent in age
to unit Tb. Shown only in eastern part of Rock Hill 7 1/2' quadrangle and western part of the Coaldale NE 7 1/2' quadrangle
where relations to basalt (Tb) unit and sedimentary rocks (Tbs, Tm) are uncertain. Age. is late Miocene(?)

Rhyolite (Miocene)— Yellow-gray, light-gray, and pale-red, aphyric, flow-banded, and devitrified rhyolite flow domes. Black
vitrophyre locally present along margins of individual domes. K-Ar date on black obsidian (apache tears) is 7.2 Ma (late
Miocene; see pamphlet, table 1, no. 2)

Sedimentary rocks (Miocene)—Light-gray and yellow-gray tuffaceous sedimentary rocks, tuff breccia, and tuff. Mostly
conglomerate with rhyolite clasts (commonly as large as 10 cm and locally as large as 30 cm) in tuffaceous matrix; common
pumice clasts. Bedding from 5 cm to 1 m thick. Conspicuous intraformational unconformities locally. Probably mostly
ejecta and erosional material originating from rhyolite domes (Tr). Locally includes:

Rhyolite breccia—Dark-brown-weathering, blocky, poorly bedded, thyolite breccia interlayered with sedimentary rocks (Ts)
unit. Probably pyroclastic deposit derived from rhyolite domes (Tr) unit

Esmeralda Formation (Miocene)—Tuffaceous sandstone and siltstone, minor conglomerate, and minor carbonaceous shale.
Local diatomite also present (see pamphlet, table 2, no. 16). Fossils from formation within and adjacent to the map area
consist of mollusks, ostracodes, fish, a mammal, pollen, carbonized plant material, worm borings, and silicified wood (see
summary by Moore, 1981). Formation age is middle and late Miocene. Esmeralda Formation in part of the map area is
divided into:

Unit K—Sandstone, clast-supported conglomerate, and coarse matrix-supported conglomerate (debris flow)

Unit J—Siltstone grading upward into sandstone and conglomerate

Unit I—Siltstone, sandy siltstone, sandstone, and a medial conglomerate containing granules and pebbles of rhyolitic tuff
Unit H—Siltstone, sandstone, and conglomerate. Conglomerate contains clasts of andesite and tuff as large as 2 cm
Unit G—Carbonaceous shale, sandstone, siltstone, and minor limestone. A 0.5-m-thick tuff occurs in the lower part

Unit F—Siltstone, sandstone, and, in the upper half, granule conglomerate. Contains a 6-m-thick volcanic breccia that contains
clasts as largeas 3m

Unit E—Siltstone, laminated to very thin bedded. Upper third of the unit consists of very fine grained to fine-grained,
indistinctly bedded to massive-bedded sandstone

Unit C—Silistone and minor muddy granule conglomerate and silty limestone

Unit B—Volcanic breccia (lahar) composed of angular grains to boulders of aphanitic to porphyritic andesite, pale-red rhyolitic
ash-flow wff, and sparse chert set in a fine-sand to mud matrix

Unit A—Siltstone, sandstone, conglomerate, and limestone. Upward-coarsening sequence. Limestone contains pelecypods and
gastropods. About 1 km south of the map area, a 15-m-thick tuff in the lower part of the unit has been dated as 13 Ma in age
(Evernden and James, 1964, recalculated using new age constants). Rests unconformably on Oligocene and Miocene tuffs

(Trat)
Basalt—Black basalt at or near base of Esmeralda Formation

Sedimentary rocks, undivided (Miocene)—In the Gilbert 7 1/2' quadrangle, unit consists of yellow-gray, white, and pale- to
moderate-brown, laminated to very thin bedded, platy-splitting siltstone that contains minor very fine grained sandstone and
sparse limestone. Unit probably more than 100 m thick and may include parts equivalent to the sedimentary rocks of
McLeans as well as younger strata. Locally contains mollusks (see pamphlet, table 2, no. 21). In the Rock Hill 7 1/2'
quadrangle, unit consists of light-greenish-gray and yellow-brown silty claystone, sandstone, and minor granule and pebble
conglomerate that contains clasts of chert and volcanic rocks. Age is middle and late Miocene

Gilbert Andesite (Miocene)—Dark-gray to black, medium-gray to moderate-reddish-brown-weathering flows and volcanic
breccias (lahars and flow breccias). Columnar jointing is characteristic. The Gilbert Andesite is typically a crystal-rich
andesite containing 25-50 percent phenocrysts of augite, hypersthene, plagioclase (An33_45 ), magnetite, hornblende, biotite,
and accessory apatite. Phenocrysts are typically euhedral to subhedral and range in size from 1 to 4 mm. Plagioclase
constitutes as much as 70 percent of the total phenocrysts. The groundmass consists of either microlites of feldspar or
cryptofelsic material that contains interstitial magnetite and, commonly, pyroxene.

The Gilbert Andesite is typically a massive resistant unit capping the highest hills in the Monte Cristo Range. The
columnar jointing, generally conspicuous green-weathering clinopyroxene phenocrysts, and stratigraphic position above
diatomaceous strata (sedimentary rocks of McLeans) distinguish the Gilbert Andesite from other andesite units in the Monte
Cristo Range. In the western part of the Monte Cristo Range, however, the upper unit of the Blair Junction sequence
contains pyroxene phenocrysts, and the Gilbert Andesite and Blair Junction sequence can be distinguished only by the
intervening sedimentary rocks of McLeans (Tm). Also, in the eastern part of the Rock Hill 7 1/2' quadrangle (see pamphlet,
fig. 2), rocks mapped as the Gilbert Andesite locally lack pyroxene phenocrysts. Some of these rocks in the Rock Hill 7 1/2'
quadrangle may actually be part of the upper unit of the Blair Junction sequence rather than the Gilbert Andesite. Two K-Ar
dates (see pamphlet, table 1, nos. 4 and 5) indicate an age of about 15 Ma (middle Miocence) for the Gilbert Andesite.
Locally includes:

Intrusive rocks (Miocene)—Andesite petrographically similar to extruded rocks of Gilbert Andesite (Tg)
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Porphyritic latite ( Miocene?) —Yellow-brown latite(?) that contains phenocrysts of plagioclase, hornblende(?), and biotite.
Forms small outcrops in southeasternmost part of Coaldale 7 1/2' quadrangle. On an adjacent geologic map (Robinson and
others, 1976), shown as correlative with 6.0-Ma (using new constants) rocks in central part of Silver Peak Range about 30
km south of the Monte Cristo Range. Our mapping suggests that the latite in the Coaldale 7 1/2' quadrangle uncomformably
underlies the middle and upper Miocene Esmeralda Formation (Te), and, thus, is older than 13 Ma

Andesite (Miocene) —Light-gray to moderate-brown andesite that contains very sparse phenocrysts of plagioclase (An 50),
homblende, clinopyroxene, and accessory magnetite. Exposed only in northeasternmost part of Rock Hill 7 1/2’ quadrangle,
but is widely exposed in Eddyville 7 1/2' quadrangle to the north, where unit also includes tuff breccia and conglomerate

Andesite in Candelaria Hills (Miocene)

Sedimentary rocks of McLeans (Miocene)—Very pale orange, yellow-gray, and light-brown, platy-splitting siltstone, shale,
and very fine grained clayey sandstone. Contains abundant diatomite (see pamphlet, table 2, nos. 15, 17, 18, 19, and 20).
Mollusks, ostracods, and fish vertebrae occur at one locality (see pamphlet, table 2, no. 22), and plant remains are common.
Layers of unwelded, crystal-poor tuff occur rarely. Locally the unit is hydrothermally altered and, in places, entirely
silicified. In most parts of the quadrangle, the unit is less than 30 m thick and commonly is too thin to show on the map,
although even in these places the unit can be recognized by the presence of a layer of diatomite a few meters or less thick

Blair Junction sequence (Miocene)—Consists of:

Upper unit—This unit is the same as the coarse-grained andesite of Moore (1981) and the coarse-grained andesite flow and the
coarse-grained andesite breccia of the Blair Junction volcanic sequence of Hambrick (1984).

The upper unit is composed of dark-gray, reddish-brown, and light-brown andesite to dacite flows, lahar and flow
breccia, and local intrusions. It is divided petrographically into a dacitic suite and a basaltic andesite suite. The dacitic suite
is predominantly a coarse-grained porphyritic lava with 25-35 percent phenocrysts of andesine plagioclase, homblende,
clinopyroxene, biotite, and quartz. The phenocrysts are generally subhedral and average about 2 mm in size, although
plagioclase crystals as large as 10 m occur rarely. The groundmass is usually hypocrystalline and contains plagioclase laths,
hornblende, and magnetite filling the glass interstices. Disequilibrium mineral textures are common. The second suite
ranges from aphanitic basaltic andesite to two-pyroxene andesite to hornblende-bearing andesite. The basaltic andesite
contains microphenocrysts of magnesium-rich olivine (Fogs) and clinopyroxene set in a holocrystalline plagioclase
groundmass. The two-pyroxene andesite contains as much as 30 percent phenocrysts of euhedral to subhedral plagioclase,
hypersthene, augite, magnetite, accessory apatite, and in some rocks biotite and hornblende. The groundmass is generally
glassy with interstitial plagioclase, pyroxene, and magnetite crystals. The hornblende-bearing andesite is fine grained and
contains 10 to 15 percent phenocrysts of andesine plagioclase, hornblende, biotite, and magnetite set in a hypocrystalline,
strongly trachyitic groundmass.

The upper unit of the Blair Junction sequence is 15.7 Ma in age (middle Miocene on the basis of K-Ar dating; see
pamphlet, table 1, no. 6).

Rocks mapped in this report as the upper unit of the Blair Junction sequence in the northeastern part of the Rock Hill
and the northwestern part of the Coaldale NE quadrangles are only tentatively referred to as the Blair Junction sequence

Sedimentary rocks—Gray, volcaniclastic pebbly conglomerate, sandstone, and siltstone. Shown only where mapped by
Hambrick (1984) in southwestern part of Monte Cristo Range

Tuff unit—White, generally lithic- and pumice-rich, vitric, nonwelded pyroclastic tuff. Locally at least 100 m thick.
Phenocrysts constitute from 15 to 35 percent of the tuff and are quartz, oligoclase, sanidine, and minor biotite, magnetite,
and homblende. Quartz is in greater modal proportion than either sanidine or plagioclase. Phenocrysts generally 1-3 mm in
size and, with the exception of vermicular quartz, are euhedral to subhedral. Lithic clasts constitute as much as 40 percent of
the rock and are typically andesitic volcanic rocks as large as 3 cm. Common to very scarce, pale-red rhyolitic clasts
characterize this unit and can be used to distinguish it from the twff of Castle Peak. Other lithic clasts are holocrystalline
granitoids, microcrystalline chert, and wff. Locally contains layers of sandstone and conglomerate.

A K-Ar age of 16.6 Ma was obtained for an ash-flow wff in this unit (see pamphlet, table 1, no. 7). Considering the
analytical uncertainty of this age (see pamphlet, table 1), the tuff unit could be either early or middle Miocene in age.

Moore (1981) and Hambrick (1984) did not distinguish the separate lithic interval that we call the tff unit of the Blair
Junction sequence. They included all major tuffs in the Castle Peak tuff unit and the Castle Peak volcanic sequence,
respectively. However, two major tuff units (tuff of Castle Peak and the tuff unit of the Blair Junction sequence) are clearly
indicated in the Monte Cristo Range by the different lithologic characteristics of these two units, the different stratigraphic
sequences in which they occur, and the different isotopic ages obtained for them
are included within the lower unit of the Blair Junction sequence.

Lower unit—Unit is composed of a variety of generally fine-grained, dark-gray to moderate-brown andesite to dacite flows,
tuff breccias, lahars, and intrusive rocks. As mapped here, it includes the older andesite and fine-grained andesites of Moore
(1981) and the Coaldale volcanic sequence of Hambrick (1984). The complexity of our lower unit is evident from the
detailed mapping of Hambrick (1984), whose Coaldale volcanic sequence consists of hornblende and pyroxene andesite
flows, sills, dikes, and irregular intrusions, hornblende and pyroxene andesite lahars and tuff breccie, and sedimentary rocks
and tuff. In the area of the detailed mapping of Hambrick, we show intrusive rocks (Tbji) of the Blair Junction sequence and
ash-flow tuff, air-fall wff, and shale (Tbja) separately, but elsewhere these varied rock types are not mapped separately and

The lower unit in most of the quadrangle consists of two petrographically distinct groups: (1) a fine-grained porphyritic
dacite that shows textures suggestive of mixed magmas and (2) an aphanitic to moderately porphyritic group of hornblende
andesites to dacites. Rocks of the first group contain about 10 percent phenocrysts of quartz, plagioclase, magnetite, an
altered mineral that probably is olivine, and microphenocrysts of clinopyroxene (augite). Crystals range from 1 to 2.5 mm in
size and generally are anhedral. The groundmass of these samples is composed of subparallel plagioclase laths with
interstitial clinopyroxene and magnetite grains. Rocks of the second group are aphanitic to porphyritic with <20 percent
phenocrysts of plagioclase (andesine), hornblende, magnetite, and locally quartz and clinopyroxene. Sericite, calcite, and
talc(?) are common alteration phases. Phenocrysts may be as much as 3 mm in length, but more commonly are less than 1
mm. The groundmass is generally trachytic with aligned plagioclase and interstitial magnetite, hornblende, and glass.
Rocks of the second group are petrographically similar and may be related to dacite and rhyodacite intrusive rocks and flows
mapped herein as unit Td.

Rocks (Tbji) intruded into the lower unit in the southeastern part of the Monte Cristo Range have been dated
isotopically as 22.2 Ma in age (see pamphlet, table 1, no. 11). These intrusive rocks are believed to be part of the same
volcanic system as the lower unit, and, thus, the age of at least part of the lower unit is 22.2 Ma.

Rocks mapped in this report as the lower unit of the Blair Junction sequence in the northeastern part of the Rock Hill
and the northwestern part of the Coaldale NE 7 1/2' quadrangles are only tentatively referred to as the Blair Junction
sequence. The lower unit is considered to be early Miocence in age

Ash-flow tuff, air-fall tuff, and shale—Interbedded quartz-rich ash-flow tuff, air-fall tuff, and shale that contains highly
weathered lithic-rich tuff in lower part. This unit is shown only where it was mapped by Hambrick (1984) in southwestern
part of Monte Cristo Range. Age is early Miocene

Intrusive rocks—Homblende and pyroxene andesite intrusive rocks. Probably feeder systems for lavas in lower unit of the
Blair Junction sequence. Unit shown mainly where mapped by Hambrick (1984) in southeastern part of Monte Cristo
Range. K-Ar age is 22.2 Ma (early Miocene; see pamphlet, table 1, no. 11)

Older rhyolite (Miocene)—Pale-red to yellow-gray, flow-banded rhyolite or rhyolite breccia. Probably mostly shallow
intrusions, but may include local lava flows. Sparsely porphyritic containing less than 20 percent phenocrysts of oligoclase,
sanidine, and quartz. Biotite, magnetite, and possibly homblende are minor (<1 percent). In general, quartz is the most
abundant phenocryst, although plagioclase is locally dominant. Quartz and feldspar are subhedral and range from <1 to 5
mm in size. Quartz ubiquitously has vermicular texture, and plagioclase is typically sericitized. Ferromagnesian minerals
are euhedral to subhedral, generally about 1 mm in size and rimmed with granular iron oxides, principally magnetite. The
devitrified groundmass is composed of microcrystalline felsic material. As mapped, the older rhyolite includes units Tri
and Ti of Hambrick (1984) as well as other rocks outside of the area mapped by Hambrick. K-Ar ages are 19.2 Ma and
18.6 Ma (see pamphlet, table 1, nos. 8 and 9)

Porphyritic rhyolite (Miocene)—Yellow-gray, coarse-grained porphyritic rhyolite that contains as much as 40 percent
phenocrysts of quartz, plagioclase (about An3(), sanidine, hornblende, biotite, magnetite, and accessory apatite. Crystals are
euhedral to subhedral and average 2.5 mm in size, although some are as large as 5 mm. Quartz is vermicular, but sanidine
and plagioclase are unresorbed. Biotite and hornblende are ubiquitously rimmed with granular iron-titanium oxides. The
groundmass is devitrified to cryptofelsic material. K-Ar age is 20 Ma (early Miocene; see pamphlet, table 1, no. 10)
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Porphyritic dacite (Miocene)—Yellow-gray, coarsely porphyritic dacite to rhyodacite. Phenocrysts as large as 10 mm
constitute 25-35 percent of the rock and consist of plagioclase, quartz, homnblende, biotite, magnetite, and locally sanidine
and clinopyroxene. The crystals are subhedral to anhedral. In most places, plagioclase and homnblende are partly altered to
sericite, and biotite and homblende have moderate to extensive iron-oxide rims. Vermicular quartz and plagioclase are
common. The groundmass is holocrystalline, consisting of randomly oriented feldspar and quartz and interstitial magnetite
and hornblende. Groundmass alteration and secondary hydrothermal mineralization is common and consists of secondary
quartz, sericite, and calcite, as well as an amorphous isotropic green mineral. Age is early Miocene

Porphyritic dacite tuff breccia (Miocene) —Light-gray tuff breccia composed of clasts of porphyritic dacite (Td) unit in a
matrix of mostly quartz, feldspar, and ash. Clasts mostly 0.5 to 1 cm in size, but some are as large as 10 cm. Age is early
Miocene

Rhyolitic to dacitic(?) tuff breccia (Miocene)—Yellow-gray tuff breccia composed of clasts (mostly 0.5 to 2 cm in size, but
some as large as 1 m) of yellow-gray aphanitic rhyolite and reddish-brown dacite(?) in tuffaceous matrix. Indistinct thick
layering. Clast types vary laterally from rhyolitic material in most places to local areas of mostly dacitic(?) or andesitic(?)
clasts. In part, may be pyroclastic deposit related to adjacent older rhyolite (Tor) and dacite (Tda) units. Age is early
Miocene

Dacite (Miocene)—Pale-reddish-purple to pale-red, locally flow-banded, platy-splitting dacite flows, flow(?) breccia, and
intrusions(?). Dacite is very fine grained and contains less than 5 percent subhedral phenocrysts (1 mm or less in size) of
sodic oligoclase(?), biotite, and possibly sanidine. The groundmass has a distinctive trachytic texture containing parallel
feldspar and minor interstitial magnetite. Age is early Miocene

MAIN PART OF MONTE CRISTO RANGE

Tuff of Castle Peak (Miocene or Oligocene)—The tuff of Castle Peak typically is bleached white and contains 10-50 percent
crystals of plagioclase (An2(.38 ), sanidine, quartz, biotite, magnetite, rare hornblende, and accessory zircon. Four different
types of tuff are recognized, based on the percentages of crystals: (1) plagioclase-rich, (2) quartz-rich, (3) biotite-rich, and
(4) plagioclase-poor that has a ratio of plagioclase/(sanidine + quartz) less than one. Phenocrysts in these tuffs average 1-3
mm in size, are subhedral, and are commonly altered to sericite or calcite. Biotite is ubiquitously oxidized and rarely
composes more than 5 percent of the phenocryst volume. Quartz invariably has vermicular texture, rarely is rose colored
and generally exceeds 4 mm in size. The tuff generally contains less than 15 percent of 2-10 mm-long lithic fragments. The
clasts are mainly angular andesite or tuff, although clasts of pre-Tertiary chert, quartz arenite, and granitic rock also occur.
The wff of Castle Peak is invariably devitrified with micro-cryptofelsic material and acicular cristobalite. Eutaxitic texture
is typical of some of the densely welded tuff, although more commonly the tuff is only partly welded or nonwelded.

At a few localities (see pamphlet, fig. 4) large blocks of pre-Tertiary rocks or Tertiary tuffs, some tens of meters in
diameter, are incorporated within the tuff of Castle Peak. Hambrick (1984) has described some of these blocks in the Blair
Junction 7 1/2' quadrangle. The blocks are apparently rootless and appear to be clasts "floating” in the tuff. They commonly
have red oxidized rims and rinds of slickensided and silicified material. The tuff blocks, as described by Hambrick (1984),
have eutaxitic texture discordant to each other and to the foliation in the surrounding tuff of Castle Peak. These blocks
apparently are clasts that were incorporated within the tuff of Castle Peak during its deposition, or shortly thereafter,
possibly from material either erupted from a caldera or from slide blocks along the walls or flanks of a caldera. These
blocks indicate that the area was close to a volcanic center during emplacement of the wff of Castle Peak.

One ash flow in the tuff of Castle Peak has a K-Ar date of about 24 Ma (Hambrick, 1984). The total age range of the
tuff of Castle Peak could be several or many millions of years, however, because it contains several petrographically distinct
ash-flow units that could have been erupted over a considerable period of time. The 24-Ma age for the tuff of Castle Peak
falls within the age range of widespread sequences of tuffs in areas to the west and southwest (Speed and Cogbill, 1979;
Robinson and Stewart, 1984) and to the northwest (Ekren and others, 1980), yet none of the individual ash-flow tuffs in the
tuff of Castle Peak have been correlated with tuffs in adjacent areas. Age is considered to be late Oligocene or early
Miocene

SOUTHEASTERN PART OF COALDALE 7 1/2 QUADRANGLE

Rhyolite ash-flow tuff (Miocene and Oligocene)—White, pink, brown, and reddish-brown nonwelded and welded wff with
crystals of quartz, feldspar, and biotite. Present only as a small outcrop in southeasternmost part of Coaldale 7 1/2'
quadrangle. Similar tuffs are widely exposed in adjacent areas to the south where they have been dated by K-Ar methods as
23 10 25 Ma (Robinson and Stewart, 1984). Age is late Oligocene and early Miocene

NORTHERN PART OF ROCK HILL 7 1/2' QUADRANGLE

Tuff of Summit Spring (Miocene or Oligocene)—Pale-red welded ash-flow tuff that contains sparse to abundant flattened
pumice fragments is characterized by rosy vermicular quartz, and is rich in sanidine, plagioclase, quartz, biotite, magnetite,
and possibly homblende phenocrysts. Plagioclase is subordinate to sanidine plus quartz. Biotite and magnetite compose 10
percent of the volume of the tuff. The groundmass is devitrified with cristobalite and cryptocrystalline material. In the map
area, unit crops out only at one locality in the northern part of the Rock Hill 7 1/2' quadrangle, where it overlies another tuff
(Tv)

Tuff (Miocene or Oligocene)—Moderate-brown, densely welded, ash-flow tuff that contains abundant flattened pumice
fragments and sparse highly altered plagioclase phenocrysts. Biotite may be present, but it is too oxidized to clearly
identify. The groundmass of this tuff is typically devitrified and rich in fiamme. In the map area, unit crops out only at one
locality in northern part of Rock Hill 7 1/2' quadrangle

NORTHERN PART OF CROW SPRINGS 7 1/2 QUADRANGLE
[Descriptions from D.H. Whitebread, written commun., 1987; also see Whitebread and Hardyman, 1987]

b
Tuff of Crow Springs (Oligocene)—Compound cooling unit of nonwelded to densely welded, yellow-gray to pale-brown,
rhyolitic to rhyodacitic, crystal-poor tuff commonly containing lithic fragments. Flattened pumice common in parts of unit
and, in places, as much as 20 cm long. Contains 8-20 percent phenocrysts. Relative abundance of phenocrysts, in percent,
is quartz, 0-7; alkali feldspar, 0-34; plagioclase, 52-96; biotite, 0-14; and pyroxene, 0-19. Andesite flows locally separate
individual ash flows in unit. K-Ar age of 26.7+0.8 Ma (late Oligocene) on biotite is from sample (WCRS-21A) taken
outside of map area (McKee and John, 1987)

Andesite (Oligocene)—Flows interstratified with the tuff of Crow Springs. Age is late Oligocene
Tuff of Cedar Mountain (Oligocene)—Age is late Oligocene. Divided into:

Upper unit—Pale-red ash-flow tuff containing lithic fragments in the lower part. Basal part nonwelded, remainder welded.
Contains 26-53 percent phenocrysts. Relative abundance of phenocrysts, in percent, is quartz, 7-24, more abundant in upper
part; alkalic feldspar, 12-34; plagioclase, 35-66; biotite, 4-13; and hornblende, 1-7. K-Ar date of 26.7+0.8 Ma on biotite is
from sample (WCRS-21A) taken outside of map area (McKee and John, 1987)

Lower unit—Light-gray, moderately welded tuff in upper part, grading downward to pale-red welded tuff that contains light-
gray pumice fragments as much as 5 cm long. Contains 25-48 percent phenocrysts. Relative abundance of phenocrysts, in
percent, is quartz, 7-17; alkali feldspar, 15-26; plagioclase, 53-67; biotite, 5-9; and homnblende, 0-4

Tuff of Royston Hills (Oligocene)—Unit consists of two ash-flow tuffs. The upper one is light gray to pale red and contains
white pumice as much as 10 cm long. Contains 24-32 percent phenocrysts. Relative abundance of phenocrysts, in percent,
is quartz, 39-54; alkali feldspar, 31-47; plagioclase, 5-19; and biotite, 1-4. Lower ash-flow tuff is very light gray to medium
gray and contains 24-28 percent phenocrysts. Relative abundance of phenocrysts, in percent, is quartz, 8-24; alkali feldspar,
19-31; plagioclase, 39-62; and biotite, 3-10. K-Ar date of 26.41-0.8 Ma (late Oligocene) on biotite is from sample (W055-
54A) taken outside of map area (McKee and John, 1987)

Tuff of Cirac Valley (Oligocene)—Compound cooling unit of white to pale-red, nonwelded to welded tuff. Contains 22-34
percent phenocrysts. Relative abundance of phenocrysts, in percent, is quartz, 2-15; alkali feldspar, 4-24; plagioclase, 55-
73; biotite, 9-16; and homblende, 0-2. K-Ar date of 29.1+0.9 Ma (late Oligocene) on biotite is from sample (W055-34A)
taken outside of map area (McKee and John, 1987)
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locally form 12-20 percent of the rock. The rock is megascopically identical to the Frazier Well pluton north of Tonopah.
K-Ar hornblende age is 207 Ma (see pamphlet, table 1, no. 15) and Rb-Sr whole rock isochron is 199.5+5.0 Ma (John and
Robinson, 1989). Description of unit by D.A. John (written commun., 1984)

GOLD RANGE TERRANE (SILBERLING, 1991); SONOMIA OF SPEED (1984)

Pm Mina Formation of Speed (1977a) (Permian)—Light- to dark-gray thin-bedded chert, volcaniclastic arenite, and argillite

GOLCONDA ALLOCHTHON
Ph Havallah sequence (Pennsylvanian)—Light-greenish-gray, olive-gray, and light-brown, platy-splitting siltstone, phyllite, and
minor (5 to 10 percent) very fine grained, chert-clast sandstone in beds from 5 to 10 m thick. Locally, the sandstone layers
are graded, and the graded layers contain chert granules and very coarse sand in basal part. Thin, medium- to dark-gray,
silty limestone beds are present rarely. Trace fossils occur rarely on sandstone bedding surfaces. Silty limestone in
Coaldale NE 7 1/2' quadrangle contains Pennsylvanian (Atokan) conodonts (see pamphlet, table 2, no. 8).

A different facies of the Havallah sequence occurs at a small outcrop in the Gilbert 7 1/2' quadrangle. Here the
sequence consists of interstratified light- to medium-gray limestone, dark-gray chert, and medium-gray argillite. The
limestone is not silty and occurs in thick beds, in contrast to the thin beds of silty limestone in the Havallah sequence in the
Coaldale NE 7 1/2' quadrangle. A limestone in the Gilbert 7 1/2' quadrangle has yielded Pennsylvanian (Atokan) conodonts
(see pamphlet, table 2, nos. 10 and 11).

Rocks of the Havallah sequence (the Golconda allochthon of Speed, 1984) are also recognized in the Candelaria Hills
west of the map area (Speed, 1984). Here the Havallah sequence locally is lithologically identical to the Havallah sequence
in the Monte Cristo Range, but elsewhere it includes biogenic chert, hemipelagic chert and pelite, terrigenous and calcareous
turbidite, and mafic volcanic rocks in sequences that are different than the dominant one in the Monte Cristo Range. The
Havallah sequence in the Candelaria Hills area studied by Speed (1984) contains Mississippian to Permian conodonts

SERPENTINITE MELANGE IN CANDELARIA HILLS
MzE:s  Serpentinite and tectonically intercalated slate (Mesozoic or Paleozoic)
ROCKS OF UNKNOWN AFFINITIES IN CANDELARIA HILLS

MzE:b Sedimentary breccla (Mesozoic or Paleozoic)—Locally stratified, mainly allochthonous, massive chert-quartzite breccia; in
thrust contact with underlying siliceous and volcanic rocks (D-€sv) and Diablo Formation (Pd); unconformably overlain by
Tertiary rocks or Quaternary alluvium. Exposed in small outcrops in Rock Hill 7 1/2' quadrangle. Undated; stratigraphic
and structural relations to other allochthons in Candelaria Hills uncertain

PARAUTOCHTHONOUS COVER OF ROBERTS MOUNTAINS ALLOCHTHON

Re Candelaria Formation (Early Triassic)—Mudstone and cherty mudstone, as well as channelized lithic sandstone and pebbly
lithic sandstone (description from Speed, 1984). Same as member 4, as defined by Speed (1984; see pamphlet, figs. 4 and
5), of the Candelaria Formation

Pd Diablo Formation (Permian) —Chert-clast sandstone and conglomerate; calcarenite; Guadalupian and late Wolfcampian in age
(Speed, 1984, p. 75)

Mc Carbonate rocks (Mississippian)—Light-brown, yellow-brown, and light-gray, thick-bedded limestone and dolomite that
contain common crinoid stems and rare corals. Common black chert lenses. Chert-pebble-conglomerate in lower part. The
carbonate rocks are commonly highly brecciated near the contact with the underlying siliceous and volcanic rocks (D€sv)
unit, and bedding in the carbonate rocks unit dips into the contact. These relations indicate that the basal contact of the
carbonate rocks unit is a fault. Corals (see pamphlet, table 2, nos. 4, 5, and 6) and conodonts (see pamphlet, table 2, nos. 7,
9, 12, 13, and 14) indicate a Late Mississippian age (late Meramecian to late Chesterian).

The carbonate rocks unit crops out mostly in the northern part of the Blair Junction 7 1/2' quadrangle and the southern
part of the Coaldale NE 7 1/2' quadrangle. Rocks typical of the carbonate rocks unit, as well as silicified carbonate rocks,
also crop out in small areas near Cook Spring in the Gilbert 7 1/2' quadrangle. A somewhat lithologically different sequence
of rocks, also mapped as the carbonate rocks (Mc) unit, crops out about 3.5 km south-southeast of Gilbert in the Gilbert 7
1/2' quadrangle. These rocks consist of over 100 m of very thin bedded to thin-bedded, locally laminated, limestone (or
marble) and 2- to 50-cm-thick interbeds of hornfels. The thin bedding and the interstratified hornfels are unlike the
carbonate rocks unit exposed elsewhere in the Monte Cristo Range. The rocks south-southeast of Gilbert may be unrelated
to the Mississippian carbonate rocks mapped elsewhere, and, if so, may be a different age

ROBERTS MOUNTAINS ALLOCHTHON

DE€sv  Siliceous and volcanic rocks (Late Devonian to Late Cambrian)—Unit consists of rocks originally mapped by Ferguson and
others (1953) as the Palmetto Formation. We do not use the name "Palmetto Formation" for these rocks here (see also
Speed, 1984), because they range in age from Late Cambrian to Late Devonian and past usage of the name "Palmetto
Formation" has been restricted to Ordovician rocks.

The siliceous and volcanic rocks unit consists of light-gray to black, thin-bedded chert and argillite, black shale, light-
brown siltstone to very fine grained silty sandstone, minor amounts of thin-bedded to massive limestone, and sparse to
locally abundant yellow-gray quartzite that is in places fine grained and in other places fine to coarse grained. Mafic
volcanic rocks, including breccia and pillow lava, are common in the Candelaria Hills, but sparse elsewhere in the map area.
Shale contains Middle Ordovician graptolites (see pamphlet, table 2, no. 1). Chert contains poorly preserved radiolarians of
Late Devonian to Permian age (see pamphlet, table 2, nos. 2 and 3). In the Candelaria Hills, including areas outside of the
map area, Speed (1984) reports that rocks in the siliceous and volcanic rocks unit give ages of Late Cambrian, Ordovician,
and Devonian. In the Gilbert 7 1/2' quadrangle, rocks mapped as the siliceous and volcanic rocks unit are locally highly
silicified and the protoliths are difficult to identify

D€g Greenstone (Late Devonian to Late Cambrian)—Greenstone breccia mapped originally by Ferguson and others (1949) as the
Excelsior Formation of Triassic age but considered by Speed (1977a) as more likely Ordovician in age. In this report, we
consider these rocks to be related to the siliceous and volcanic rocks (D-Csv) unit that ranges in age from Late Cambrian to
Late Devonian

CORDILLERAN MIOGEOCLINAL DEPOSITS

< Reed Dolomite (Early Cambrian and Late Proterozoic)—Predominantly recrystallized dolomite; weathers white to light gray;
contains minor local interbedded hornfels and quartzite (description from Maldonado, 1984)

Iw Wyman Formation (Late Proterozoic)—Phyllite, schist, hornfels, quartzite, and tactite (description from Maldonado, 1984)

Contact—Queried where location uncertain

—t High-angle fault—Dashed where inferred or approximately located; dotted where concealed; bar and
ball on downthrown side

Dol Thrust fault—Sawteeth on upper plate
—+— Anticline—Dotted where concealed
= Strike and dip of beds

- Strike and dip of compaction foliation in welded tuff and flow banding in lava flows
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