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SURFICIAL DEPOSITS

m Channel deposits Unconsolidated alluvium in active
channels, which extend from highlands into Independence
Valley. Composed of poorly sorted silt- to sand- to boulder-sized clasts.

Colluvium and talus Loose debris along steep slopes.

Includes coarse talus and finer, deeply weathered and
commonly forested material, mostly on north-facing slopes. Only
larger, more continuous deposits mapped.

Young alluvial fan deposits Deposits of modern alluvial
fans along major drainages in highlands. Composed of
sand- to boulder-sized clasts.

Terrace deposits Older alluvial deposits adjacent to but
t | above active channels, mostly in the highlands. Now being
dissected.

Qls Landslide deposits Unconsolidated debris composed of

local bedrock. Clasts range from large blocks, up to several
meters in diameter, to silt. Local hummocky topography. Generally
developed on north-facing slopes.

Older alluvial fan deposits Unconsolidated fluvial and
debris-flow deposits in older alluvial fans. Composed of
boulder- to sand-sized clasts of all older rock types. Form

discontinuous fan remnants with deeply to moderately dissected
upper surfaces. May span a wide age range.

Alluvial fans of Independence Valley A complex series
of alluvial fans are developed between McCann and
Pleasant Valley Creeks and south of Pleasant Valley Creek
where they drain into Independence Valley. They are
subdivided on the basis of inferred age, from youngest
(Qf,) to oldest (Qf,), which is interpreted largely from
elevation above active channels (Qal) and amount of
dissection. The youngest fans (Qf,) are no more than 2 m above the
active channels, whereas the oldest fans (Qf;) are as much as 20 m
above. The youngest fans are only slightly dissected, whereas the
oldest fans are highly dissected by active channels. Fans are
composed of silt to boulders. Coarser material occupies lower parts
of fans and is generally exposed around dissected edges only.
Surfaces are dominantly finer material with scattered coarse
cobbles. Designations are preliminary and are likely to be modified
following further work in Independence Valley in the Tuscarora
quadrangle.
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TERTIARY ROCKS
Rhyolite of Walker Mountain

A rhyolite lava dome, related tuff, and three dikes lie along or just
south of the Big Cottonwood Canyon caldera. Similar rhyolite lava
crops oextensively to the west in the Toe Jam Mountain Quadrangle,
including Walker mountain. *°Ar/*°Ar ages show that these rocks are
35 to 33 Ma old and the youngest known igneous activity in the
Mount Blitzen Quadrangle.

Porphyritic rhyolite tuff Rhyolitic ash-flow tuff overlies
the rhyolite lava dome (Twr) and is probably its pyroclastic
equivalent. The tuff grades upward from moderately or locally
densely welded near its base to nonwelded. Preserved thickness is
approximately 50 m, but the top is eroded. Phenocrysts (15%):
sanidine (8%, 1.5 mm), quariz (6%, 1 mm, smoky, bipyramidal),
plagioclase (1%, 1 mm), and biotite ( 0.5%, 0.5 mm). Irregular
shaped, glassy to devitrified blobs up to 3 cm long may be partly
flattened pumice or nonvesiculated magma lumps. Lithic fragments
of the rhyolite dome (Twr), dacite of Mount Blitzen (Tbd), and tuff of
Mount Blitzen(?) (Tbt) up to 5 cm across comprise 2% to 10% of the rock.

- Porphyritic rhyolite lava dome A rhyolite lava dome
approximately 50 m thick overlies tuff of Big Cottonwood
Canyon (Tct) and tuff of Mount Blitzen (Tbt) along the margin of the
Big Cottonwood Canyon caldera. Most of the body is massive to
locally flow banded and vesicular, stony rhyolite; flow-banded,
vitrophyric breccia is common along the base. Phenocrysts (12%):
quartz (6%, 2 mm, smoky, bipyramidal), sanidine (5%, 3 mm),
plagioclase (1%, 2 mm), and biotite (1%, 2 mm). 35.05+0.10 Ma,
sanidine, H26-59.

Porphyritic rhyolite dikes Three 10- to 20-m-wide dikes

of porphyritic rhyolite cut Paleozoic rocks (Fzu), tuff of
Mount Blitzen (Tbt), and early porphyritic dacite (Tmd) in the upper
part of Rock Creek. Phenocrysts (12-20%): quartz (5%, 2 mm,
bipyramidal, smoky in eastern dike), sanidine (3%, 3 mm),
plagioclase (1-2%, 2 mm), and biotite (1-2%, 1.5 mm). Intense
alteration of the dike on Dry Creek Mountain has converted feldspars
to clay and destroyed all mafic minerals. Although slightly more
porphyritic and less silicic than the lava dome (Tcr), these dikes are
probably intrusive equivalents of the dome and tuff (Tcrt).
33.77+0.10 Ma, sanidine, H96-59.

Miscellaneous intrusions Includes three intrusions. (1) A
- sparsely porphyritic rhyolite cuts the Mt. Neva stock south
of Toe Jam Creek. Phenocrysts (5%): feldspar (3%, replaced by
quartz), biotite (2%, ~1 mm), quartz {0.5%, 3 mm, resorbed,
embayed), and hornblende (<0.5%, 1 mm). Possibly related to
porphyritic rhyolite dikes (Tcir). (2) A sparsely porphryritic rhyodacite
dike cuts tuff of Mount Blitzen (Tbt) and early porphyritic dacite
(Tmd) approximately 2 km north of Beard Hill. Phenocrysts (3%):
biotite (1.5%, 1 mm), plagioclase (1%, 2 mm), and sparse
sanidine and hornblende. Probably related to late dikes of the Mount
Neva intrusive episode. (3) A finely porphyritic felsic intrusion on
southwest side of Beard Hill cuts porphyritic andesite lava (Tpa).
Phenocrysts (12-15%): plagioclase (7-8%, 4 mm), sanidine (3-4%,
3.5 mm), and possible quartz ( 1%, 1 mm, maybe secondary
silica only). Rock is strongly silicified, and secondary cavity-filling
quartz is common. Mafic phenocrysts are obliterated. Contains
approximately 0.5% disseminated limonite after pyrite.

Mount Neva Intrusive Episode (Mount Neva Pluton and Related
Intrusions)

During the Mount Neva intrusive episode, the Mount Neva
pluton, several other irregular intrusions, and innumerable dikes
were emplaced into the area of the Mount Blitzen volcanic center.
Individual intrusions range from andesite to rhyolite, but most are
dacite. An early porphyritic dacite (Tmd) was emplaced in part along
the margin of the Mount Blitzen center. Subsequently, the Mount
Neva pluton intruded Paleozoic rocks and tuff of Mount Blitzen (Tbt)
at the southwestern edge of the center. Finally, late dikes intruded
within the center and extended to the north and south.

Late Dikes

Numerous intermediate to silicic dikes cut the tuff of Big
Cottonwood Canyon (Tct), tuff of Mount Blitzen (Tbt), Mount Neva
pluton (Tmg), and early porphyritic dacite (Tmd) in the northern part
of the quadrangle. Dikes mostly strike north-northeast and continue
into the adjacent Big Cottonwood Canyon, Cottonwood Peak, and
Tuscarora Quadrangles. Their similar distribution, gradation in
petrographic and chemical characteristics, and the presence of
zoned dikes that grade inward from andesite or dacite to rhyolite
suggest that all are related.

- Porphyritic rhyolite Coarsely, abundantly porphyritic
rhyolite to rhyodacite crops out in two zones. Most dikes are
in a 1-km-wide band that extends about 9 km from the northeastern
corner to the approximate center of the quadrangle. The second
group crops out in the east-central part of the quadrangle and
continues into the Tuscarora Quadrangle. Individual dikes are as
much as 40 m wide and en echelon. Phenocrysts (20-35%):
plagioclase (10-20%, 1 cm), quartz (5-8%, 5 mm, variably
resorbed, bipyramidal), hornblende (3-6%, 4 mm), biotite (3-5%, 5
mmy), and sanidine (0-5%, 3 cm). Rounded inclusions of (1) fine-
grained rhyolite(?) with a few percent of the same phenocrysts as the
host and (2) more mafic rock similar to porphyritic dacite or andesite
are common. Several dikes have more mafic margins, also similar to
porphyritic dacite or quartz-phyric porphyritic dacite; contacts are
gradational in some dikes but may be abrupt in others. These
relations suggest nearly contemporaneous intrusion of the rhyolite
and dacites. 39.34+0.08, sanidine; 39.46+0.30, hornblende;
39.2+0.4, biotite; 39.17+0.22, plagioclase, H96-19.

Finely porphyritic rhyolite A 3-km-long, discontinuous

dike and one irregular intrusion of finely porphyritic rhyolite
crop out in the center of the quadrangle. Phenocrysts (5-25%):
plagioclase (20%, 4 mm), quartz (2%, 2 mm, and biotite (<1%, 1
mm). Similar to, but distinctly less porphyritic than, porphyritic rhyolite
(Tmr).
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Porphyritic dacite Dikes, 2 to about 15 m wide, of dark-

gray porphyritic dacite are the most abundant type and crop
out throughout the northern part of the quadrangle. Phenocrysts
(most ~35%, but as little as 10%): plagioclase (5-22%, 6 mm),
biotite (2-5%, <5 mm, euhedral), hornblende (2-4%, 4 mm),
clinopyroxene (2-5%, 1 mm), magnetite (<1%, clots to 5 mm),
quartz (0-1%, 2 mm) and possible altered orthopyroxene. Mafic
minerals are commonly altered to chlorite + calcite + epidote. Fine-
grained, dioritic inclusions are common. 39.51+0.36 Ma, hornblende,
DB-35.

Quartz-phyric porphyritic dacite Similar to the
porphyritic dacite (Tmdp) but also contains a few percent
bipyramidal quartz to 3 mm. 39.37+0.24 Ma, hornblende, DB-43.

Porphyritic andesite Dikes of dark gray, abundantly

porphyritic andesite up to about 12 m wide are widespread
but few in number. Phenoctysts (30-50%): plagioclase (25-40%, 6
mm), clinopyroxene (3-5%, 3 mm), orthopyroxene (1-3%, 3 mm),
and biotite (1-2%, 3 mm). Felty groundmass of plagioclase
microlites. Several dikes are zoned to less porphyritic margins or
contain rounded inclusions of fine-grained diorite.

Mount Neva Pluton
Granodiorite The Mount Neva granodiorite is the largest
intrusion of the quadrangle and covers approximately 6 km?
in upper parts of Toe Jam and McCann Creeks. It strikes irregularly
east-northeast and cuts across the southwestern edge of the Mount
Blitzen volcanic center. The western two-thirds of the body intrudes
Paleozoic rock, whereas the eastern part cuts tuff of Mount Blitzen
(Tbt) and early porphyritic dacite (Tmd). Medium to coarse grained;
plagioclase (60%, to 1.5 cm, locally epidotized), amphibole (~10%,
7 mm), biotite (5-10%, 5 mm, variably chloritized and epidotized),
and clinopyroxene (5%, 4 mm) in a matrix of granophyric quartz and
K-feldspar (20%). Possibly two generations of amphibole: an earlier,
partly chloritized, more euhedral phase and a later, relatively
unaltered anhedral phase that crystallized penecontemporaneously
with granophyric quartz and inclusion-riddled alkali feldspar. Zircon
and apatite are trace phases. Widely scattered quartz-epidote=pyrite
veins having bleached haloes are present, particularly in the
northeastern part of the intrusion. Rounded inclusions of sparsely
porphyritic fine-grained diorite are common throughout. 39.37+0.30

and 39.6+0.6 Ma, biotite, H96-72A.

Porphyritic border phase A porphyritic border is
developed along much of the southern and eastern side of

the intrusion. Phenocrysts (~35%): plagioclase (25-30%, 1-6 mm),

hornblende (5%, 4 mm), biotite (2-3%, 2 mm), and clinopyroxene

(1-2%, 1.5 mm)in a matrix of fine, interlocking feldspar and quartz.

Mapped only where particularly thick on the eastern edge.

Early Intrusions

Early porphyritic dacite Early porphyritic dacite intruded

extensively along the margin of and within the Mount
Blitzen volcanic center. The marginal intrusions form belts
approximately 1 km wide that consist of several individual intrusions,
in part separated by thick lenses of host rock. The north-striking belt
along the western margin engulfs large areas of tuff of Mount Blitzen
(Tbt) and has several apophyses into Paleozoic rocks. The east-
striking belt follows part of the southern margin but continues
eastward where the margin steps to the southeast. Phenocrysts (25-
30%): plagioclase (15-20%, 3 mm), hornblende (3-5%, 1-9 mm,
conspicuous prismatic), biotite (1-3%, 2 mm), and clinopyroxene
( 1%, 1 mm). The rock is porphyritic-seriate; plagioclase grades
continuously in size between groundmass and phenocrysts.
Rounded inclusions of fine-grained diorite with sparse phenocrysts of
plagioclase, hornblende, and pyroxene are notably abundant. A
textural variant is typified by fewer (~15%) phenocrysts and a fine-
grained sugary groundmass. Phenocrysts consist of turbid
plagioclase and sparse variably chloritized prismatic amphibole;
biotite is sparse or absent. Textural similarities of the early dacite with
the Mount Neva pluton and the occurrence of some dacite along the
eastern margin of the pluton suggest that the dacite is in part an
early, border phase of the pluton. 39.58+0.40 Ma, hornblende, H36-63.

Rocks of the Big Cottonwood Canyon Caldera

The Big Cottonwood Canyon caldera (Berger and others, 1991)
is the youngest major volcano in the quadrangle. The caldera
truncates the tuff of Mount Blitzen and Mount Blitzen volcanic center
and extends for an undetermined distance to the north. The caldera
formed during eruption of the voluminous tuff of Big Cottonwood
Canyon (Tct).

Intracaldera Ash-Flow Tuff, Debris Deposits, and Megabreccia
Tuff of Big Cottonwood Canyon Compound cooling unit
Tet of light gray, devitrified, lithic-rich, densely to moderately
welded, rhyolitic ash-flow tuff. Crops out exclusively within and along
the topographic margin of the Cottonwood Canyon caldera in the
northern part of the quadrangle. The tuff may be several kilometers
thick, based on its 15° to 25° westward dip across a 12-km-wide belt.
Sequence upward from megabreccia-rich tuff, to 1-m-thick sandstone
and conglomeratic sandstone, to lithic-rich, megabreccia-poor tuff in
Big Cottonwood Canyon Quadrangle immediately to north suggests
catastrophic eruption and major caldera collapse, followed by brief
hiatus, sedimentation, and renewed eruption. Phenocrysts (20%):
quartz (6-9%, 3 mm), sanidine (6-7%, 2.5 mm), plagioclase (5-7%,
3 mm), and biotite (1%, 2 mm); individual fiamme, which are up to
25 c¢m long, contain  10% of the same phenocrysts. Commonly
weakly propylitically altered. 39.67+0.10 Ma, sanidine, H96-42;
39.67+0.10 Ma, sanidine, H96-80.

Breccia and debris deposits Lenses and irregular

masses of massive breccia and poorly bedded debris-flow
deposits occur within the tuff of Cottonwood Canyon near the caldera
margin. Deposits consist of clasts of various older rocks, including
tuff and dacite of Mount Blitzen (Tbt and Tbd), early andesite (Ta),
and Paleozoic chert, quartzite, and siltstone, up to several meters in
diameter (larger blocks are mapped as megabreccia). Where
exposed, matrix consists of finer pieces of the same rocks, although
some deposits may be extremely lithic ash-flow tuff. Commonly form
poor outcrops and expressed as abundant weathered out clasts
littering the surface. Interpreted as landslide debris from the caldera
wall during eruption of the tuff and initial caldera collapse. However,
presence of Paleozoic fragments along much of the wall where only
tuff of Mount Blitzen crops out is curious.

Megabreccia Large blocks of older rocks within the tuff of
Big Cottonwood Canyon (Tct) are mapped as their
individual rock type. Blocks range up to several hundred
meters across and were not mapped if smaller than about
10 m. Blocks of (Tbt) include a quartz-bearing, biotite-rich,
densely welded ash-flow tuff that could be a different tuff.

As with the breccia and debris deposits (Tcx), megabreccia
blocks are interpreted as landslides from the caldera wall.

Thot

Rocks of the Mount Blitzen Volcanic Center (Tuffs, Intrusions,
and Breccias)

The Mount Blitzen volcanic center is the largest volcanic complex
in the quadrangle and extends eastward into the Tuscarora
quadrangle. Numerous dacite domes (Tbd) and dacitic ash-flow tuff
and epiclastic deposits (Tbt) accumulated in what appears to be a
fault-bounded basin. The dacite locally intrudes the tuff, and the tuff
commonly contains clasts to megablocks of dacite. These relations
indicate the two units developed contemporaneously. The nature of
the volcanic center is uncertain. The fault-bounded basin suggests a
caldera, but the heterogeneous assemblage of tuff and reworked
deposits within the basin is distinctly unlike typical massive,
homogeneous intracaldera tuff (for example, the tuff of Big
Cottonwood Canyon [Tct]).

Dacite of Mount Blitzen Sparsely to moderately

porphyritic dacite makes numerous domes, shallow
intrusions, and megabreccia blocks within or at the margins of the
Mount Blitzen volcanic center, mostly within tuff of Mount Blitzen
(Tbt). Phenocrysts (8-20%): plagioclase (5-15%, 1-4 mm), biotite (1-
4%, 1-2 mm), clino- and orthopyroxene (<0.5%, 0.5 mm), and
hornblende { 0.5%, 1 mm); mafic minerals are generally chloritized.
Domes are commonly flow laminated, spherulitic, and locally
brecciated, particularly at their margins. Most dacite is propylitically
altered with replacement of groundmass by fine-grained quartz and
K-feldspar, biotite by chlorite and sericite, and plagioclase by clay
and calcite. Disseminated limonite after pyrite is common, and
oxidized examples are bleached white. A few, mostly larger ( 500 m
in diameter) areas of outcrop are definitely or probably in-situ domes
or shallow intrusions (shown by stipple, Tbdd). Many other outcrops,
including most smaller ones, are coarse breccia blocks within the tuff
of Mount Blitzen. Known or suspected in-situ bodies include the two
large areas on the ridge immediately south of Mount Blitzen and
several bodies in the south fork of Rock Creek, headwaters of
McCann Creek, and north of Battle Mountain. Several similar in-situ
intrusions or domes occur in the northwestern part of the Tuscarora
Quadrangle to the east. 39.40+0.14 and 39.03+0.36 Ma, biotite, H96-92.
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Tot Tuff of Mount Blitzen A heterogeneous, complexly

interbedded mix of dacitic ash-flow tuff and various
epiclastic deposits is the most widespread unit in the gquadrangle and
appears to fill a fault-bounded basin. Devitrified, poorly to densely
welded, and variably lithic to pumice-rich tuff makes up most of the
unit and appears to represent pyroclastic eruptions from or related to
the dacite of Mount Blitzen (Tbd). Phenocrysts (15-30%): plagioclase
(13-25%, 3 mm), biotite (0.5-2%, 2 mm), hornblende and
clinopyroxene ( 0 5%, ~1 mm, preserved only in rare, unaltered
samples). Similar tuff with 1-2% quartz phenocrysts crops out in the
northeastern and east-central part of the quadrangle. Characteristic,
green, flattened to ovoid, sparsely porphyritic pumice up to 5 cm long
makes up a few to 30% of the tuff. Lithic fragments are mostly of
dacite of Mount Blitzen (Tbd), which can comprise as much as 50%
of the tuff of Mount Blitzen, but include Paleozoic rocks and various
igneous rocks. Megabreccia blocks up to several hundred meters in
diameter are common near the margins of the basin. Interbedded
epiclastic rocks range from massive breccias to well-bedded
sedimentary rocks. Breccias generally are thick, contain abundant,
angular to subrounded clasts of unit Tbd as much as 2 m in diameter,
and appear to be landslide or debris-flow deposits from the domes.
Other rock types include coarse, massive to poorly bedded,
plagioclase-rich, lithic sandstone and conglomerate with variable
amounts of green pumice and well-bedded, graded sandstone and
siltstone. Both tuff and epiclastic layers are discontinuous along
strike. The unit is at least 1 km thick, but the base is nowhere
exposed and complex stratigraphy, lack of marker beds, and
uncertainty in repetition by faults preclude determining an accurate
thickness. Propylitic alteration, with replacement of plagioclase by
albite, clay, and calcite and of biotite and hornblende by chlorite,
epidote, calcite, and iron oxides, is widespread. 39.88+0.22 and
39.5+0.6 Ma, biotite, DB-28.

Megabreccia Large blocks of older rocks within the tuff of
Mount Blitzen (Tbt) are mapped as their individual rock
type. Blocks range up to several hundred meters across
and were not mapped if smaller than about 5 m. Blocks are
largest and most abundant near the margins of the basin.
Some dacite of Mount Blitzen (Tbd) may be in-situ domes or
intrusions. Only one Paleozoic block (Pzs) was found, although
Paleozoic lithic fragments are common in the tuff of Mount Blitzen.

- Breccia A thin wedge of highly brecciated Paleozoic rock,
mostly chert and quartzite, strikes north along the western
edge of the Mount Blitzen center. The wedge is sandwiched between
two thick intrusions of early porphyritic dacite (Tmd). The breccia
may have developed along a fault that was involved in generating the
Mount Blitzen basin. If so, brecciation occurred immediately prior to
deposition of the dacite and tuff of Mount Blitzen (Tbd, Tbt).

Lavas, Tuffs, and Sediments of the Pleasant Valley Volcanic
Complex

The Pleasant Valley volcanic complex consists of abundant
andesite to dacite lava flows, a dacite dome, coarse breccia, and tuff
and volcaniclastic sedimentary rock. Sources for these rocks include
a possible vent in the upper part of Pleasant Valley and a dacite
dome (Tpbd) between Nelson and Lewis Creeks near the western
edge of the quadrangle. The lavas are subdivided on the basis of
their mafic phenocryst content and probable composition. Pyroxene
andesite (Tpa) is most abundant, but all lava types and lenses of
volcaniclastic rock or air-fall and other tuff are complexly interlayered
and discontinuous. Individual flows are 10 to possibly as much as 75
m thick, and the dacite dome is at least 170 m thick. Composite
thickness is at least 300 m in the southern and southwestern parts of
the quadrangle. Platy flow banding and ramp structures are best
developed in pyroxene andesite but are present in all lava types.
Pleasant Valley volcanic rocks are some of the oldest in the
quadrangle because (1) they directly overlie basal Tertiary
conglomerate (Tc) and (2) they are overlain by the tuff of Mount
Blitzen (Tht).

Pyroxene andesite lava Andesitic lavas that contain
pyroxene as the only or nearly only mafic phenocryst are
the most widespread and voluminous of the Pleasant Valley rocks
and make up most of the outcrop in the southern part of the
quadrangle. They extend as several discrete flows northeastward
toward the Tuscarora quadrangle and as a thick (as much as 300 m)
package of flows to the south and west. Phenocrysts(25-30%):
plagioclase (20-25%, 3 mm), clinopyroxene (6-7%, 1.5 mm),
orthopyroxene (2-3%, 1 mm); a few flows contain hornblende
(<<0.5%, 3 mm). Sample H96-43, a fragment of pyroxene andesite
in andesite breccia (Tpx), appears chemically to be dacite but is
slightly silicified.

Tpa

Tpb Biotite-bearing andesite-dacite lava Biotite-bearing

_ lavas crop out in Pleasant Valley Creek south of Castile
Mountain, where at least 3 flows total 70 m thick, and around Lewis
and Nelson Creeks. The flows in Pleasant Valley are mostly glassy
and commonly have well-developed columnar joints, variably
oriented. Phenocrysts (20-30%): plagioclase (18-25%, 5 mm),
clinopyroxene (1-3%, 2 mm), biotite (1-2%, <1.5 mm), and
orthopyroxene (1-2%, 1 mm).

Red dacite Informally called the red dacite because of its

characteristic pale-pinkish-red color, this unit crops out in a
small area in the southwestern part of the quadrangle.The unit,
which is not more than 10 m thick, forms poor outcrops and typically
occurs as litter on slopes underlain by this unit. Characterized by
streaky flow laminae and lithophysae. Phenocrysts (8%): plagioclase
(6-7%, 3 mm) and biotite (0.5-1.0%, 2 mm, typically oxidized).

- Volcaniclastic sedimentary rocks and tuff These rocks
crop out as (1) a relatively thick sequence underlying
coarse breccia (Tpx) near the head of Pleasant Valley Creek, (2)
another thick sequence sandwiched between hornblende-phyric lava
(Tph) and pyroxene andesite (Tpa) east of Beard Hill, and (3) thin,
discontinuous lenses interstratified with lavas throughout the
southern part of the quadrangle. Most deposits are soft and poorly
exposed. The thick sequence in Pleasant Valley includes massive to
poorly bedded, nonwelded, pumiceous tuff containing scattered
fragments of andesite up to 20 cm in diameter and, rarely, Paleozoic
rocks; individual beds are 3 to about 50 cm thick. This deposit is at
least 70 m thick, and the base is not exposed. The sequence near
Beard Hill is 100 to 150 m thick and consists of debris-flow deposits
and brown, fine to coarse, volcanic sandstone and siltstone. Two
types of debris deposits are present: (1) fine, massive to faintly
stratified, pumiceous layers up to 15 m thick that contain small,
scattered andesite or dacite clasts and sparse plagioclase and
biotite; and (2) coarse, massive breccia layers up to 10 m thick that
consist almost entirely of clast-supported fragments of andesite or
dacite as much as 2 m in diameter. Brown, cross-bedded to
laminated, coarse to fine volcanic sandstone and siltstone are in
packages up to 2 m thick. Flame and ball-and-pillow structures,
where pumiceous tuff sank into sandstone, are developed at the top
of several sandstone layers. The thin lenses interstratified with lavas
are a heterogeneous mix of nonwelded, pumiceous tuffs containing
andesite fragments, similar to the deposits in Pleasant Valley; air-fall
tuff; volcaniclastic sandstone; and coarse debris-flow deposits
consisting of andesite or dacite clasts probably shed from adjacent
lavas. These deposits appear to have filed around and between
lavas and are generally less than about 10 m thick.

- Biotite dacite dome A biotite dacite dome forms bold,
craggy outcrops between Nelson Creek and Lewis Creek.
The dome varies from glassy to perlitic to devitrified and oxidized.
Devitrified parts have a rough hackly texture. The dome had at least
170 m of primary relief, and later flows abutted its flanks at low
elevation. Phenocrysts (25-30%): plagioclase (20-23%, 5 mm),
hornblende (3%, 4 mm), biotite (2%, 2 mm), clinopyroxene (1.5%,
1.5 mm), and orthopyroxene (1.5%, 1.5 mm).

- Hornblende-phyric andesite lava Andesite lavas
containing prominent hornblende phenocrysts up to 6 mm
long occur throughout the southern part of the quadrangle, and one
flow crops out near the eastern edge. Hornblende-rich flows directly
overlie basal Tertiary conglomerate (Tc) along the southern and
eastern edges of the quadrangle (39.86+0.24 Ma, hornblende, H96-
73); another flow is interbedded with pyroxene andesite lava (Tpa) in
the upper part of Nelson Creek (39.69+0.28 Ma, hornblende, H96-
86). Flows with about 1% hornblende have a composite thickness of
about 100 m along the ridge south of Pleasant Valley Creek.
Phenocrysts (25-40%): plagioclase (20-25%, 5 mm), hornblende (1-
5%, 1-6 mm), clinopyroxene (1-3%, 2 mmy}, and orthopyroxene (0.5-
1%, 2 mm).

Tpx Andesite breccia Coarse, massive to poorly stratified

breccia, probably including both proximal fallout and debris-
flow deposits, crops out over a large area in upper Pleasant Valley
Creek, where it is as much as 170 m thick. Clasts are dominantly
glassy pyroxene andesite, petrographically similar to unit Tpa, and a
few biotite-bearing dacite or andesite (Tpb). Ridges of breccia make
a discontinuous circular ring in upper Pleasant Valley. Blocks there
are up to 4 m across and reside in a matrix of finer andesitic
fragments. Many blocks have radial cooling joints or breadcrust
textures, and some are vesicular. These features suggest breccia
there is a proximal fallout deposit surrounding a former vent. East
along Pleasant Valley Creek, breccia is interstratified with
sedimentary deposits, including a lens of Paleozoic-bearing debris
(Tpp). Coarse breccia also makes up Castile Mountain, which, at 2
km from the possible vent, is too far to be fallout. Therefore, some
breccia was probably deposited by debris flows, possibly from the
vent area.

Paleozoic-bearing debris lens A lens of coarse debris

composed almost entirely of Paleozoic rock fragments
crops out south of Pleasant Valley Creek where it is interbedded with
andesite breccia (Tpx). Clasts consist of chert (to 5m), quartzite (to
1m), and minor siltstone (to 10 cm) in an unstratified matrix of finer
Paleozoic fragments. Lens is as much as 15 m thick and may thin
eastward.

Early Tertiary Andesite, Ash-Flow Tuff, and Basal Conglomerate

Early andesite Porphyritic andesite lava flows. Mostly

occurs as blocks within tuff of Mount Blitzen (Tbt), but one
possible outcrop of in-situ lava in upper part of Rock Creek, along
west edge of Mount Blitzen volcanic center. Phenocrysts (20-25%):
plagioclase (19-24%, 3 mm) and clinopyroxene (1-2%, 1.5 mm),
commonly as glomerocrysts. Commonly altered, with all mafic
minerals converted to chlorite and calcite. Somewhat similar to
andesite lavas of the Pleasant Valley complex, but relative age is
uncertain.

Early ash-flow tuff Moderately welded, devitrified,

coarsely lithic, pumiceous ash-flow tuff makes a small
outcrop along the major north-northeast-striking fault that bounds the
eastern side of the Paleozoic wedge. Tuff may be a fault sliver or
underlie biotite-bearing andesite-dacite lava (Tpb). Phenocrysts
(8%); quartz (5%, 2 mm, bipyramidal) and sanidine {3%, 2 mm).
Lithic fragments include quartzite (to 25 c¢m), chert (to 15 cm), and
small siltstone and shale. Moderately flattened pumice to 1 cm long.

Basal Tertiary conglomerate Conglomerate composed

almost entirely of Paleozoic chert, quartzite, argillite, and
minor limestone is the oldest Tertiary unit in the quadrangle. The unit
consists mostly of massive beds 20 cm to 1 m thick. These are
locally separated by well-bedded pebbly conglomerate and coarse
sandstone 10 to 20 cm thick, and the sequence is capped by at least
3 m of coarse, poorly sorted sandstone. Clasts are subrounded to
angular, clast supported, and mostly less than 20 cm in diameter, but
some quartzite clasts are as large as 1.3 m. Small fragments of
porphyritic felsic igneous rock make up much less than 1%. The
conglomerate crops out in two areas, northwest of Battle Mountain
where it is faulted against the tuff of Mount Blitzen (Tbt) and near the
southern edge of the quadrangle. Thickness is variable, from
approximately 10 m in the southern outcrop to probably several tens
of meters in the fault-repeated section northwest of Battle Mountain.
The resistant conglomerate beds weather to tabular ribs.

PALEOZOIC ROCKS

Paleozoic rocks form an east-northeast-striking, mostly
northwest-dipping, fault-bounded wedge in the western part of the
quadrangle. Siltstone, chert, and minor sandstone, limestone, and
conglomerate occur throughout this area, whereas lenses of
quartzite are present only in the northern half. Siltstone-dominated
(Fzs) and chert-dominated assemblages (Fzc) were mapped in the
southern part but were combined as Paleozoic rocks undivided (Fzu)
in the northern half, where quartzite lenses (Fzq) were broken out.
The total section appears to be very thick, but, because these rocks
are highly, possibly isoclinally, folded and thrust faulted, no accurate
estimate of thickness is possible. Also, stratigraphic relations among
the units are unknown. Based on regional correlation, the quartzite is
Ordovician, but Paleozoic rocks undivided is probably in part
Devonian (Coats, 1987). Middle Silurian or Early Devonian
conodonts were found in limestone at three localities in the siltstone-
dominated assemblage (A. E. Saucier, personal communication,
1996).

The rocks are strongly deformed; beds and numerous outcrop-
scale folds dominantly strike northeast to east northeast. The folds
mostly plunge gently to the northeast and are overturned to the
southeast, which indicates contraction with transport toward the
southeast. A few northwest-striking folds may indicate a separate,
later(?) phase of deformation.

m Undivided siltstone, argillite, and chert Heterogeneous,
generally poorly exposed mix of siltstone, argillite, chert,
shale, and minor sandstone and limestone in the northwestern part
of the quadrangle. Some highly deformed and silicified shale(?) that
could be melange crops out north of Rock Creek west of the early
dacite intrusion (Tmd).

Quartzite Massive, resistant, light tan to medium gray

orthoquartzite makes numerous pods and lenses within
undivided siltstone, argillite, and chert (Pzu) in the northwestern part
of the quadrangle. Quartzite appears to be composed almost
exclusively of well-sorted and well-rounded, 0.25 to 0.5 mm,
commonly strained quartz grains that are strongly silica cemented.
Quartzite bodies are mostly a few meters to about 0.5 km long and 1
to 100 m thick; they generally parallel regional and local strike of the
host siltstone. Many bodies are "boudins" within variably sheared
siltstone matrix and have faulted, commonly slickenlined surfaces.
However, a few lenses appear to be interbedded with siltstone. The
discontinuous nature of the beds may reflect both depositional pinch

out and tectonic disruption.
m Chert-dominated assemblage Mostly consists of thick
(10 to 30 cm) to thin-bedded, commonly nodular, black to
reddish brown to pale greenish gray, "glassy" to variably
recrystallized chert. The chert makes resistant ridges or smooth
hillsides covered by chert lag. Individual beds are separated by thin
( 1cm) siltstone layers, which were squeezed out by folding in many
areas. Unit also includes some thicker siltstone layers and minor
sandstone and limestone, similar to rock types in the siltstone-
dominated assemblage (Fzs), but these rarely crop out.

Siltstone-dominated assemblage Heterogeneous

assemblage dominated by finely laminated siltstone, shale,
or argillite and including chert, sandstone, calcarenite, pebbly
conglomerate, and limestone. Siltstone is tan to black
(carbonaceous?), rarely micaceous, and locally in graded beds with
fine sandstone. Chert is thin-bedded ( 5 cm) and greenish gray.
Sandstone is fine grained, planar to cross-bedded, and calcite- to
weakly silica-cemented. Calcarenite consists of rounded calcite
grains to 0.5 mm, cemented with calcite. Conglomerates contain
rounded quartz, chert, and siltstone from 2 mm to rarely 2 cm, also
cemented by calcite. Limestone is fine grained, dark gray, and
commonly petroliferous.
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