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INTRODUCTION

Work on geologic compilation of the Nevada Test Site (NTS) map and Pahute Mesa 30' x
60" quadrangle was conceptually proposed in 1984 as part of a U.S. Geological Survey
(USGS) programmatic initiative to conduct a geologic synthesis of the southern Great
Basin in Nevada. One of the central objectives of the program was to compile the geology
of four contiguous 1:100,000-scale, 30' x 60' minute quadrangles that cover the region of
interest (Pahute Mesa, Beatty, Pahranagat Range, and Indian Springs quadrangles), and to
produce a separate 1:100,000-scale geologic map of the NTS that overlaps all four
quadrangles. Digital compilation of the Pahute Mesa quadrangle began in 1990, with
support coming entirely from the USGS Radioactive Waste Program. Work on the digital
compilation of the NTS has largely been funded by the Department of Energy (DOE) NTS
Program. Three of the other proposed 1:100,000-scale geologic maps have been
completed, the NTS map (Frizzell and Shulters, 1990) and the Pahranagat Range
quadrangle map (Jayko, in press), and the Beatty quadrangle map (Carr and others, 1995).
A preliminary digital geologic map of the Pahute Mesa 30' x 60' quadrangle has been
released (Minor and others, 1993), and a preliminary version of this map was released
(Sawyer and others, 1995). A derivative map by Minor and others, 1996 was made from
this database to portray the seismicity of the Pahute Mesa 30’ x 60’ quadrangle.

The Nevada Test Site/Pahute Mesa/Beatty digital geologic map database allows for
accurate and rapid updating of geologic information, generation of derivative maps at
various scales, and layering with other Geographic Information System (GIS) databases
and thematic map layers to produce integrated interpretive maps and 3-D models. The
digital database is available, in Geographic Resource Analysis Support System (GRASS)
ASCII vector, DLG-3 (optional), SDTS, and in Arc/Info ASCII (Generate) and export
formats, from the USGS, Denver, on-line repository on Internet (via 'anonymous ftp') at
greenwood.cr.usgs.gov [136.177.21.122], path (/pub/open-file-reports/ofr-97-140).
Figure 1 shows the area of coverage for this database.

COMPILATION METHODS

This map database incorporates geologic data from the following sources): (1) digitized
(by SCITEX scan) polygon, fault, and structural attitude layers of the published
1:100,000-scale geologic map of the Nevada Test Site (Frizzell and Shulters, 1990) as a
starting point; (2) the digital 1:100,000-scale geologic compilation of the Pahute Mesa 30'
by 60' quadrangle (Minor and others, 1993); (3) the digital database compilation of the
NTS by Sawyer and others (1995), (4) the digital 1:100,000-scale geologic compilation of
the Beatty 30' by 60' quadrangle (Carr and others, 1995); ), (5) the preliminary digital
1:100,000-scale geologic compilation of the Indian Springs 30' by 60" quadrangle
(unpublished data); and (6) recent field studies of stratigraphy and structure by the authors
and others (Figure 2a).

Sawyer was lead compiler for the NTS part of the combined database; Minor was lead
compiler of the Pahute Mesa sheet outside of the NTS area; Carr was lead compiler of the
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Figure 2a._ Sources of Compiled Geologic Data for the Nevada Test Site Area
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Figure 2b._ Sources of Original Geologic Data for the Nevada Test Site
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Beatty sheet outside of the NTS area; Swadley compiled the new surficial geology and
stratigraphy in the NTS area and Cole compiled the new geology and stratigraphy of the
pre-Tertiary sedimentary rocks in the NTS area.

New geologic field data were digitized directly from field-annotated aerial
photographs using a digital photogrammetric plotter or from scale-stable author-prepared
maps using a digitizing tablet or scanner. Numerous revisions of the NTS area were also
made by adding new field and stratigraphic data to the published 1:24,000-scale geologic
data (Figure 2b). All new digital files as well as the pre-existing Pahute Mesa, Beatty,
Indian Springs, surficial geology, and NTS geologic map files were imported into the
raster processing software LT4X for cleaning, editing, and, in the case of scan files,
vectorization. The new map data were also imported into AutoCAD from the digital
photogrammetric plotters for editing and simplification for depiction at a scale of
1:100.000. The Geographic Resource Analysis Support System (GRASS), a public
domain GIS developed by the U. S. Army Corps of Engineers, was used to integrate all of
the new component map files to perform tranforming, as needed to the Universal
Transverse Mercator projection, Zone 11, merge the files in the appropriate composite
map-data layers, conduct final editing and modification of map elements, and build and tag
polygons.

The map dataset may produce some minor display conflicts when displayed in full
because of limitations of the algorithms used to automatically generate the unit labels
(labels of some narrow polygons extend into adjoining polygons), and faults or fault
decorations (for example, ball and bar symbols) locally overlap map unit labels or
structural attitude symbols. These labeling conflicts were not resolved for this map
because they do not affect the quality or resolution of the database when used in a GIS.
The reader is referred to published copies of the component U.S. Geological Survey base
maps (Pahute Mesa, Beatty, Indian Springs, Pahranagat Lakes 1:100,000-scale maps) for
clarification of place names and other geographic base map features. The geologic map
dataset is considered an accurate compilation at the line-width and simplified polygon
geometry depicted at 1:100,000-scale level of detail. Enlarging or viewing the dataset at
scales greater than about 1:50,000 (in particular with comparison to 1:24,000-scale
topographic or published geologic maps) will in some cases show differences in polygon
contacts or structural features compared to data captured at larger scales of resolution.

DESCRIPTION OF MAP UNITS
GENERAL

The Tertiary map unit descriptions were largely compiled using recent petrographic,
chemical, stratigraphic, and geochronologic data by Sawyer, Minor, and Warren. The pre-
Tertiary unit descriptions were largely compiled by Cole, and descriptions of Quaternary
and other surficial units were based on information contributed by Cole and Swadley.

Volcanic rock names are based on the IUGS total alkali-silica classification scheme of Le
Bas and others (1986). Phenocryst content modifiers of volcanic rock names are based on
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the modal percentages shown in table 1 below; in basaltic rocks the modifiers "phenocryst-
rich" and "-poor" are substituted for "crystal-rich" and "-poor", respectively, to distinguish
phenocrysts and microphenocrysts from coarse groundmass crystals common in those
rocks. Phenocrystic mineral abundances are from unpublished median data compiled for
individual Southwest Nevada Volcanic Field (SWNVF) units by R. G. Warren. Table 2
below shows terms used to indicate median abundances for felsic phenocrysts (quartz, K-
feldspar=sanidine + anorthoclase, and plagioclase), for mafic minerals (biotite, hornblende,
arfvedsonite, orthopyroxene, clinopyroxene, acmite, and olivine), and for accessory
minerals (chiefly sphene) in intermediate to silicic volcanic rocks. Mineral abundance
terms for basaltic rocks are listed in table 3 below, which differ only for mafic
phenocrystic abundances; these median abundances include both phenocrysts and
microphenocrysts. Generally, mineral contents are listed in order of decreasing
abundance. Although the relative abundance terms shown in the tables are appropriate for
descriptions of volcanic rocks from the SWNVEF, they may be inappropriate when applied
to other volcanic fields.

Table 1. Total Phenocryst Content

Term (median modal %)
aphyric <0.5
crystal-poor 0.5-5
(no modifier) 5-15
crystal-rich 15-25
very crystal-rich >25

Table 2. Phenocrystic Mineral Abundances in Intermediate to Silicic Volcanic Rocks

Term Felsics Mafics Accessories
(median (median (median
modal %) modal %) ppn/V)
rare <0.5 <0.1 <20
sparse 0.5-2 0.1-0.5 20-150
common 2-10 0.5-1 150-300
abundant 10-20 1-2 >300
very abundant >20 >2

Table 3. Phenocrystic Mineral Abundances in Basaltic Volcanic Rocks

Term Felsics Mafics Accessories
(median (median (median
modal %) modal %) ppm/V)
rare <0.5 <0.5 <20
sparse 0.5-2 0.5-2 20-150
common 2-10 2-5 150-300
abundant 10-20 5-10 >300
very abundant >20 >10




Tertiary volcanic stratigraphic nomenclature is from Sawyer and others (1994), Warren
and others (1989, in press), and Ferguson and others, 1994. Some map unit descriptions
and informal unit names cited within them are derived from descriptions in published
USGS Geologic Quadrangle (1:24,000-scale) and Miscellaneous Investigations (1:48,000-
scale) Series maps (figure 2b) or, in the case of central Nevada volcanic units, from Scott
and others (1995). The revised SWNVF stratigraphic framework used in this report
builds upon the reports of Ekren and others (1971), Byers and others (1976b,1989), and
Carr and others (1986), and from the regional compilation maps of Orkild and others
(1969), Sargent and Orkild (1973), Byers and others (1976a), and Minor and others
(1993).

Stratigraphic nomenclature used for the pre-Tertiary sedimentary units is outlined in Cole
and others (1989), Guth (1986, 1990), Cashman and Trexler (1994), Minor and others
(1993), and Trexler and others (1996), and is based on many published studies cited by
them. Descriptions of these units are largely summarized from published geologic map
descriptions (figure 2b), and supplemented by Cole and others (1989, 1994), Miller
(1989), Monsen and others (1992), Cole (1991), Cashman and Trexler (1991, 1994), and
some unpublished data.

Plutonic rock names are based on the IUGS classification scheme of Streckeisen (1976).
Metamorphic facies and structures are mapped in the Funeral Mountains and in the Bare
Mountain area are based on recent studies by Hoisch and Simpson (1993) and Hoisch
(1995).

Reported ages for volcanic units are based mainly on 40Ar/39Ar age determinations (Best
and others, 1989; Fleck and others, 1991; Noble and others, 1991; Sawyer and others,
1994). Published 40Ar/39Ar ages from Hausback and others (1990) were recalculated
using a 513.9 Ma monitor age for MMHB-1 (Lanphere and others, 1990; Dalrymple and
others, 1993). 40Ar/39Ar ages are supplemented by published K/Ar results of Kistler
(1968) and Marvin and others (1970, 1973, 1979, 1989), recalculated using current IUGS
constants (Steiger and Jaeger, 1977; Dalrymple, 1979). Additional sources of radiometric
ages are cited specifically in the map unit descriptions.

Magnetic polarity data are from published sources (Bath, 1968; Byers and others, 1976a
and 1976b; Rosenbaum and Snyder, 1984; Noble and others, 1984: Carr and others, 1986;
Rosenbaum and others, 1991; Hudson, 1992; Hudson and others, 1994). Normal polarity
magnetizations have northerly declinations and moderate downward inclinations. Reverse
polarity magnetizations have southerly declinations and moderate upward inclinations.
Anomalous normal and reverse polarity magnetizations have downward or upward
inclinations, respectively, but their directions lie at great (>45°) angles to time-averaged
late Tertiary expected direction for the area.

Some geographic place names mentioned in the descriptions are not labeled on the
1:100,000-scale topographic base maps but are present on the larger-scale component
topographic and geologic quadrangle maps that have been published. Where cited, place
names are not labeled on the base maps, locations of the named geographic features are
described with respect to features that are labeled on these maps.
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DESCRIPTIONS

Qay

Qey

QTc

Qp

Qs

Qlb

Young alluvium (Holocene and late Pleistocene)-- Gravel, gravelly sand, and
sand, light-brownish-gray to grayish-yellow, poorly sorted, poorly bedded,
unconsolidated to weakly consolidated. Gravel is angular to rounded; consists
of ash-flow tuff, lava, limestone, dolomite, quartzite, and sandstone. Sand is
poorly sorted, fine to very coarse, locally silty. Unit forms channel deposits of
active streams, terrace deposits along some of the larger washes, and extensive
fans that commonly form the lower part of fan aprons that flank mountain
ranges. Terrace and fan deposits commonly stand 2 m or less above modern
washes and are generally smooth and undissected. Soil varies from no visible
soil development to soils consisting of a thin sandy vesicular A horizon, a
slightly cambic B horizon, and a stage I Bk horizon as much as 0.5 m thick.
Unit correlates with unit Q1 of Hoover and others (1981).

Young Quaternary eolian deposits (Holocene)--Young eolian sand and silt.
Wind-blown sand and silt forming dunes, sheet deposits, mounds stabilized by
vegetation, and ramp deposits.

Colluvium (Quaternary and Tertiary)--Compilation unit consisting of unsorted,
non-bedded, weakly consolidated rock debris near the interface between
bedrock and surficial deposits of various ages; may locally enclose areas of
bedrock too small to depict. Unit not compiled in areas of steep terrain,
although it is widespread.

Playa and lake deposits (Holocene)--Compacted, poorly to moderately
consolidated clay, silt, and fine sand; thinly bedded; calcareous; light grayish
brown. Locally contains sparse thin beds or lenses of pebbly coarse sand.
Deposited in intermittently flooded bottoms of closed drainage basins such as
Yucca Lake, Kawich Lake, Gold Flat Lake, Frenchman Lake, and Death
Valley.

Saline playa deposits (Holocene)--Evaporitic playa and paludal deposits in
Cotton Ball Basin (floor of north-central Death Valley). Includes sand sheets
indurated by carbonate or sulfate salts; massive gypsum capped by anhydrite
and/or bassinite; sulfate salts; sodium carbonate and other carbonate salts;
slabby rock salt forming an irregular surface capped by silt containing sulfate
salt; reworked silty rock salt; rock salt having a smooth surface capped by silt
containing sulfate and borate salts; rock salt having a rough surface capped by
silt containing sulfate and borate salts (Hunt and Mabey, 1966; Troxel and
Wright, 1989).

Lacustrine beach deposits (Holocene and late Pleistocene)--Two ages of beach
deposits are recognized. Deposits of late Pleistocene pluvial lakes form low
discontinuous sand ridges near the four playas within the map area. Sand is
yellowish gray, moderately sorted, mostly medium to coarse, weakly



consolidated, slightly pebbly. Ridges are 1-3 m high, commonly covered with
a pebble to coarse sand lag; surface clasts have a weakly developed desert
varnish. One Holocene beach ridge was mapped at the east edge of the Gold
Flat playa. Deposit consists of grayish-orange, thinly crossbedded,
unconsolidated, slightly pebbly, calcareous sand. Ridge is about 2 m high and
1s sparsely covered with a pebble gravel lag. Soil development limited to a thin
vesicular A horizon on some late Pleistocene deposits.

Qt Travertine (Holocene and Pleistocene)--Spring-generated travertine deposits,
mostly along the southwest foot of the Funeral Mountains.

Qam  Middle alluvium (middle Pleistocene)--Gravel, gravelly sand, and sand,
yellowish-gray to grayish-brown, poorly sorted, moderately to poorly bedded,
moderately consolidated. Gravel is angular to rounded, includes ash-flow tuff,
lava, limestone, dolomite, quartzite, and sandstone. Sand is poorly sorted,
commonly angular, locally silty. Unit forms extensive fans and fan and terrace
remnants that generally comprise the middle and upper parts of fan aprons
flanking bedrock ranges. Depositional surface of unit 1s largely intact but has
been, moderately dissected by small washes that head within the fans. Deposits
commonly stand 2 to as much as 20 m above through-flowing washes. A
moderately to tightly packed stone pavement is common. Soil development
consists of a silty, clayey sand vesicular A horizon, a dark-yellowish-orange
cambic to slightly argillic B horizon that is rarely preserved, and a stage Il Bk
horizon to stage III K horizon commonly 1.0 to 1.5 m thick. Unit includes
deposits from three periods of deposition that were not mapped separately
because of map scale. The youngest of the three deposits correlates with unit
Q2b and the two older deposits with unit Q2c of Hoover and others (1981).

Qem  Middle eolian deposits (middle Pleistocene)--Sand, very pale orange to light-
grayish-brown, poorly to moderately sorted, fine to coarse, weakly
consolidated, no bedding preserved. Unit commonly includes varying amounts
of eolian sand that has been reworked by slope wash and intermittant streams.
These reworked deposits contain scattered gravel clasts and lenses and locally
are capped by well-developed paleosols. Umit forms large sand ramps flanking
bedrock hills adjacent to Sarcobatus Flat. No exposures of soil were observed
within the quadrangle; regionally the surface soil typically consists of a partly
eroded 0.5- to 1.0-m-thick stage III K horizon. Correlates with unit Q2e of
Hoover and others (1981). Compiled unit locally includes suspected young
Quaternary eolian deposits.

QTa Quaternary surficial deposits--undivided (Holocene, Pleistocene, and
Pliocene?)-- Unit represents undivided surficial deposits, chiefly in the southern
and eastern parts of the database area, where studies to classify the surficial
materials have not been completed. Unit chiefly consists of materials similar to
Middle alluvium.



QTp

QTu

Qby

Qbo

Older playa, marsh, and spring deposits (Pleistocene? and Pliocene)--Pale-

yellowish-brown, white to very light gray weathering marl and yellowish-gray
to grayish-orange silt, which locally is calcareous and locally contains clayey
zones. Contains beds as much as 1 m thick of limestone, as well as
discontinuous zones containing small limestone nodules. (Swadley and Carr,
1987). Unit contains ash beds that have yielded isotopic dates of 3.2 and 2.1
Ma, and is interpreted as Pliocene in age (Hay and others, 1986; Pexton,
1984). Exposed thicknesses as much as 50+ m (Hay and others, 1986). As
much as 10 m of Pleistocene and/or Late Pliocene limestone, marl, and silt
unconformably overlie the Pliocene deposits locally (Hay and others, 1986)
and are included in this unit. Pleistocene and/or Late Pliocene beds locally are
fossiliferous (Swadley and Carr, 1987). Unit locally contains possible younger
playa deposits that were not specifically identified.

Undifferentiated surficial deposits (Holocene, Pleistocene, and Pliocene?)--

Includes younger, middle, and older alluvium; younger and older eolian
deposits in Emigrant Valley, and colluvial deposits. Alluvial deposits consist
of unconsolidated gravel, gravelly sand, silty sand, and sandy silt. Clasts
are locally derived. Angular to subrounded, poorly to moderately
consolidated gravel, generally with sparse sand and silt in matrix. Light
gray to light brownish gray to yellowish brown to grayish brown, poorly to
moderately well sorted, poorly to well bedded. Alluvium is deposited as
discontinuous beds and lenses forming alluvial-fan aprons adjacent to range
fronts, thin sheet-like deposits on valley floors, low terraces in large washes,
and bottoms of active washes. Middle and older alluvium form terraces in
washes and dissected alluvial fans, and fan remnants. Colluvium is
unconsolidated angular boulders, gravel, and sand of local derivation,
forming talus aprons and thin surficial veneers that obscure bedrock.
Commonly also contains admixtures of wind-blown sand and silt. Older
deposits have strong desert varnish. This unit is mapped only in areas where
the information about the surfical geology is incomplete.

Younger Quaternary basalt (Pleistocene)--Isolated cinder cones, lava flows,

and feeder dikes at Little Black Peak and on the flank of Sleeping Butte about
12 km north of Oasis Mt.. and south of Crater Flat, about 10 km northwest of
the town of Amargosa Valley (formerly known as Lathrop Wells). Rock
compositions are mainly phenocryst-poor trachybasalt and basalt, although
more sodic compositions, including hawaiite, are known. Phenocrysts consist
of common olivine and sparse plagioclase. Distinguished by a low phenocryst
abundance, predominance of olivine, by young ages [about 350 Ka for
Sleeping Butte area basalts (Fleck and others, 1996) and about 130 Ka for
Lathrop Wells basalt (Turrin and others 1991)] and geomorphic appearance of
cinder cone vents, and by normal magnetic polarity.

Older Quaternary basalt (Pleistocene)--Basalt flows and moderately dissected

scoria mounds of black to dark reddish-brown olivine basalt. Includes volcanic



centers at Red, Black, and Little Cones in Crater Flat (Faulds and others,
1994). Basalt has yielded whole-rock potassium-argon dates of about 1.1 Ma
(Fleck and others, 1996). Magnetic polarity is reverse (Rosenbaum and
Snyder, 1984).

Typ Pliocene and youngest Miocene basalt (Pliocene)--Basaltic trachyandesite
cinder cones, lava flows, and feeder dikes erupted from volcanic centers at
Buckboard Mesa (2.87 +/-0.06 Ma; normal magnetic polarity), rocks in
southeastern Crater Flat (3.73 +/- 0.02 Ma; reverse polarity), and at the broad
shield volcano at Thirsty Mountain about 10 km north of Oasis Valley (4.63
+/- 0.02 Ma; reverse polarity). The ages are from Fleck and others, 1996.
Lithologies consist of lava flows and scoria mounds of dark gray to dark-
reddish-brown basalt. Phenocrysts vary from common to abundant olivine,
sparse plagioclase, and sparse clinopyroxene in Buckboard Mesa area; to
common to abundant olivine in southeast Crater Flat; to phenocryst poor with
rare plagioclase in Thirsty Mountain area. Distinguished by marked
preservation of constructional volcanic geomorphology, Pliocene age, and
characteristic magnetic polarity of each center. Maximum thickness more than
200 m at the Thirsty Mountain shield volcano; as much as 100 m thick at other
localities.

Tef Funeral Formation (Pliocene and Late Miocene?)--Mostly fanglomerate
derived from Funeral Mountains. Clasts derived predominantly from Cambrian
and Precambrian quartzose sedimentary rocks. Locally intertongues with
unconsolidated silty lacustrine deposits (Troxel and Wright, 1989). A whole
rock potassium-argon age of about 4.1 Ma was obtained from basalt outside
the database area (McAllister, 1973), and on this map may be younger. The
Funeral Formation is tilted and is unconformably overlain by alluvial-fan
deposits that retain their most of their original fan morphology. Base of unit is
local angular unconformity.

Tey Younger sedimentary deposits (Pliocene and Miocene)--Consists of basin-fill
deposits and fan alluvium composed mainly of poorly sorted, poorly to
moderately bedded, angular to rounded gravel and sand in a locally tuffaceous
matrix; typically weakly cemented. Unit locally contains interbedded, partly
tuffaceous sandstone and mudstone and layers of nonwelded vitric tuff and
limestone; such interbedded, fine-grained deposits are 65 m thick within gravel
deposits north of Beatty Wash. Clasts consist of locally derived Tertiary
volcanic rocks and lesser pre-Tertiary sedimentary rocks, and are as large as 3
m across. Monolithologic landslide breccia derived from nearby bedrock is
locally present within unit. Unit forms deeply dissected alluvial fans in Oasis
Valley, Beatty Wash, northern Crater Flat, and northwest of Tolicha Wash that
disclose complex internal stratigraphy due to repeated pedimentation Unit may
be deposited over a span of at least 3 m.y.and is possibly diachronous in
different areas; in northern Crater Flat, contains beds of volcanic ash that are
8.2 Ma (Monsen and others, 1992); farther north, the 7.5-Ma Spearhead



Member of Stonewall Flat Tuff is within the basal part of these sedimentary
deposits; and 4.63-Ma basalt from the Thirsty Mountain shield volcano is
interbedded with gravels in lower Thirsty Canyon. Maximum thickness about
180 m in Qasis Valley area. Equivalent in part to gravel of Sober-up Gulch of
Maldonado and Hausback (1990) and the gravels of Oasis Valley mapped by
Minor and others (1993).

Tgfc  Furnace Creek Formation (Late Miocene)--Mostly fanglomerate, derived from
reworked older Tertiary gravels similar to those in the upper plate of the
Boundary Canyon fault, Funeral Mountains. Locally intertongues with
unconsolidated silty lacustrine sediments (Troxel and Wright, 1989). A
minimum age of about 5.5 Ma and a maximum age of about 6.5 Ma were
reported for the Furnace Creek Formation on the basis of conventional
potassium-argon dates for both older and younger volcanic units in the Dante's
View area, approximately 25 km south of the map (Fleck, 1970); a similar
maximum age was reported by Cemen and others (1985). Diatoms of
Hemphillian age were reported from the upper part of the formation in the
Furnace Creek area (McAllister, 1970), placing the top of the unit in the Early
Pliocene or Late Miocene and consistent with isotopic ages. Base of unit is
local angular unconformity.

Tsc Civet Cat Canyon Member of Stonewall Flat Tuff (Miocene)--Comendite
welded ash-flow tuff erupted from Stonewall Mountain caldera at 7.45 Ma.
Compositionally zoned from lower comendite, containing common alkali
feldspar (anorthoclase and sodic sanidine) and rare clinopyroxene, plagioclase,
and fayalitic olivine, to upper crystal-rich trachyte containing abundant alkali
feldspar, common plagioclase, sparse biotite and clinopyroxene, and rare
orthopyroxene; acmite or arfvedsonite is present in groundmass. Magnetic
polarity reverse. Maximum exposed thickness 180 m.

Tsp Spearhead Member of Stonewall Flat Tuff (Miocene)--Welded ash-flow tuff
erupted from Stonewall Mountain caldera at 7.5 Ma. Lithology consists of
grayish-pink, nonwelded to partly welded ash-flow tuff containing abundant
glass shards. Compositionally zoned from lower crystal-poor comendite,
containing common alkali feldspar, sparse clinopyroxene, and rare fayalitic
olivine, plagioclase, and quartz, to upper comendite containing abundant alkali
feldspar, sparse plagioclase, clinopyroxene, and fayalitic olivine, and rare
quartz, biotite, and hornblende; upper zone is only locally present. Magnetic
polarity normal. Maximum exposed thickness about 50 m.

Tsr Rhyolite of Stonewall Mountain (Miocene)-- Lava flows and domes adjoining
Stonewall Mountain caldera (Weiss and Nobel, 1989). Rhyolite is crystal-rich,
containing abundant biotite and common sanidine, plagioclase, and
clinopyroxene; flow laminated and flow folded. Maximum preserved dome
height exceeds 200 m.
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Tyb Thirsty Canyon and younger basalts (Miocene)-- Lava flows, cinder cones,
and local feeder dikes erupted between 9.9 and 6.3 Ma in widespread locations
generally north and west of Timber Mountain, near the Black Mountain caldera
and Stonewall Mountain volcanic center, and in northern Pahute Mesa at
Basalt Ridge. Basalts erupted before, during, and following peralkaline
rhyolitic eruptions of the Black Mountain caldera. Variable crystal content:
phenocryst-rich varieties contain very abundant plagioclase and abundant
olivine; subordinate phenocryst-poor varieties contain sparse to common
olivine, sparse plagioclase; sparse to rare clinopyroxene, biotite, and
orthopyroxene, rare kaersutitic amphibole, and very abundant apatite are
locally present. Maximum exposed thickness about 100 m. See Carr and others
(1995) for details of units compiled.

Tys Andesite of Sarcobatus Flat (Miocene)--Andesitic lava flows and subordinate
interflow tuffaceous sedimentary rocks exposed in low hills along edge of
Sarcobatus Flat in western part of map area. Andesitic flows contain common
plagioclase and sparse to common orthopyroxene and hornblende. Includes
intermediate-composition rocks of peralkaline affinity, probably close in age to
rocks of Thirsty Canyon Group, east of Black Mountain. Maximum exposed
thickness about 100 m.

Tyr Rhyolite of Obsidian Butte (Miocene)--Flow-laminated and -folded spherulitic
rhyolite lava flows (8.8 Ma; Noble and others, 1991) and subordinate related
pyroclastic and sedimentary rocks near Obsidian Butte. Generally aphyric, but
some flows contain sparse plagioclase, biotite, or olivine, or rare
clinopyroxene. Pyroclastic rocks mainly consist of variously bedded, pumice-
and lithic-rich tuff, tuff breccia, and reworked tuff, sedimentary rocks are
generally well-bedded tuffaceous sandstone and conglomerate; clasts chiefly
consist of locally derived rhyolite. Intertongues with basalt flows of unit Tyb.
Maximum exposed thickness about 375 m.

Tgm  Late synvolcanic sedimentary rocks (Miocene)--Compilation unit consisting of
weakly to moderately consolidated, generally well-bedded pebble to cobble
conglomerate, breccia, sandstone, siltstone, nonwelded tuff, and locally
reworked tuff, in various locations. Clasts are mostly Miocene volcanic rocks,
but Proterozoic/Paleozoic debris is conspicuous in Halfpint Range. Matrix
generally tuffaceous, and thin ash-fall beds (less than I m) are commonly vitric
and contain pumice lapilli. Late synvolcanic sedimentary rocks deposited in
local paleobasins and paleochannels in northwestern part of area, in the
Halfpint Range, and in the Little Skull Mountain area. Deposition post-dates
eruption of Timber Mountain Group but overlaps with the Thirsty Canvon
Group and associated basalts. Maximum exposed thickness about 125 m.

Tgc Caldera moat-filling sedimentary deposits (Miocene)--Interbedded fan

alluvium and subordinate lacustrine deposits and nonwelded tuff. Fan alluvium
composed of coarse, poorly sorted, unevenly bedded, angular to rounded
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gravel, sand, and minor silt in a locally tuffaceous matrix; clasts, as large as 1
m, consist of locally derived volcanic rocks; weakly to moderately cemented.
Lacustrine deposits include interbedded, partly tuffaceous sandstone and
mudstone and water-laid tuff. Moat-filling sedimentary deposits distinguished
from other deposits by position within the Timber Mountain caldera complex
and the Black Mountain caldera. Maximum thickness about 300 m in Timber
Mountain caldera complex.

Tgyx  Younger landslide and sedimentary breccias (Miocene)--Brecciated slide
blocks and sheets, sedimentary breccia and conglomerate, and subordinate
finer-grained tuffaceous sedimentary rocks and tuff, compiled only in the
Bullfrog Hills, in isolated exposures north of Tolicha Peak, and along the south
margin of Crater Flat. At Bullfrog Hills, unit consists of crudely bedded to
massive, polymictic, matrix- and block-supported breccia containing lenses,
blocks, and sheets of monolithologic breccia up to 1 km or more in length.
Thin basal zones of slide sheets are subparallel to local bedding and consist of
sheared and comminuted tuff. Conglomerate is variably bedded, matrix-
supported, poorly sorted, and contains locally well-rounded pebbles, cobbles,
and rare boulders. Fanglomerate is polymictic, poorly sorted, and commonly
has matrix of tuffaceous sandstone. Breccia and conglomerate probably
deposited syntectonically as landslide debris, colluvium, and proximal fan
alluvium adjacent to uplifted fault blocks. In Bullfrog Hills, breccias are
concordantly(?) overlain by rhyolite of Rainbow Mountain and have a
maximum exposed thickness exceeding 400 m. Unit in southern Crater Flat
consists of blocks and sheets of monolithologic breccia derived from Paleozoic
carbonate rocks, designated "landslide blocks" (part) of Swadley and Carr
(1987) that overlie Timber Mountain Group.

Thirsty Canyon Group (Miocene)--Peralkaline volcanics erupted as ash-flow
sheets, lavas, and related nonwelded tuffs from Black Mountain between 9.4
and 9.15 Ma. The Pahute Mesa and Trail Ridge Tuffs likely are the major
units associated with caldera collapse. The younger Pillar Spring, Yellow
Cleft, and Hidden CIliff lavas and associated rocks chiefly accumulated within
the caldera depression, while the Gold Flat Tuff filled the caldera and
overflowed to the north and south. Thirsty Canyon Group is distinguished by
its peralkaline mineralogy (high alkali feldspar and low plagioclase contents,
general absence of biotite and hornblende, and presence of Fe-rich
clinopyroxene and fayalitic olivine) and chemistry (high iron, low alumina, and
anomalously high trace-element concentrations of zirconium, rare-earths, and
other elements). Subdivided into:

Ttg Gold Flat Tuff--Strongly peralkaline (pantellerite) welded ash-flow tuff erupted
at 9.15 Ma from Black Mountain caldera. Contains abundant anorthoclase and
sodic sanidine, sparse plagioclase, Fe-rich clinopyroxene, and fayalitic olivine,
and rare biotite, quartz, and hornblende. Arfvedsonite occurs both as sparse
phenocrysts and as a devitrification product in groundmass. Contains rare
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Tth

Tts

Ttt

Ttp

Ttc

Tfu

primary fluorite and aenigmatite. Anomalous normal magnetic polarity.
Chiefly preserved in caldera moat; thickness outside caldera unknown.

Trachyte of Hidden Cliff--Very crystal-rich trachyte lavas containing very
abundant plagioclase(distinctive) and common to very abundant olivine and
clinopyroxene. Normal magnetic polarity. Extruded within Black Mountain
caldera (exposed part exceeds 500 m).

Trachytic rocks of Pillar Spring and Yellow Cleft--Crystal-rich trachyte to
rhyolite lava flows, associated tuff and tuff breccia, and porphyritic syenite
intrusive rocks within Black Mountain caldera. Lavas contain abundant to
very abundant alkali feldspar (mainly anorthoclase), common plagioclase,
sparse clinopyroxene and olivine, and local rare biotite, phenocrysts in syenite
consist of abundant anorthoclase and sodic plagioclase and lesser olivine and
clinopyroxene. Reverse magnetic polarity; maximum exposed thickness 180 m.

Trail Ridge Tuff--Widespread welded, moderately crystal rich, comendite ash-
flow tuff erupted from Black Mountain caldera. Contains abundant sodic
sanidine, sparse Fe-rich clinopyroxene and fayalitic olivine, and rare
plagioclase. Anomalous reverse magnetic polarity. Maximum exposed
thickness about 65 m.

Pahute Mesa and Rocket Wash Tuffs--Widespread comendite ash-flow tuffs
erupted from Black Mountain caldera. Pahute Mesa Tuff 1s welded,
moderately crystal-poor, and contains common alkali feldspar, sparse Fe-rich
clinopyroxene and fayalitic olivine, and rare plagioclase and quartz. Pahute
Mesa has anomalous reverse magnetic polarity; maximum thickness about 60
m. Rocket Wash Tuff, a local subjacent cooling unit erupted 9.4 Ma, has
slightly more common alkal feldspar and nonanomalous reverse magnetic
polarity; maximum exposed thickness about 50 m.

Comendite of Ribbon Cliff--Pre-caldera crystal-rich to very crystal rich
comendite and trachyte lava flows and domes exposed marginal to the Black
Mountain caldera. Contains abundant alkali feldspar, common plagioclase,
sparse clinopyroxene and fayalitic olivine, and local rare biotite. Normal
magnetic polarity. Maximum exposed thickness 320 m.

Upper Fortymile rhyolite lavas (Miocene)--Lava flows containing abundant
sanidine, sparse biotite, and rare clinopyroxene. Includes rhyolite flows,
domes, plugs, and associated tephra overlying trachyte of Donovan Mountain
in northernmost Bullfrog Hills; rhyolite of Boundary Butte lava on the south
rim of the Ammonia Tanks caldera; and isolated lava and associated tephra in
the lower Thirsty Canyon drainage and in Oasis Valley. Age ranges from
about 10.5 Ma to 9.5 Ma. Maximum exposed thickness about 175 m.
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Tft Post-Timber Mountain basaltic rocks (Miocene)--Lava flows erupted between
11.45 Ma and approximately 10 Ma; composition ranges from basalt, basaltic
andesite, trachybasalt, to basaltic trachyandesite. Flows generally contain
common olivine, sparse plagioclase, and rare clinopyroxene. See Carr and
others (1995) for specific local units included in this compilation unit.
Maximum exposed thickness about 30 m.

Tfn Trachyte of Donovan Mountain (Miocene)--Crystal-rich trachyte lava flows
and subordinate feeder dikes, sills, and flow-margin tephra emplaced at 10.4
Ma in Bullfrog Hills area. Flows contain abundant plagioclase, common
sanidine, biotite, and clinopyroxene, and sparse olivine. Flow foliations and
laminations locally conspicuous. Flows overlie rhyolite of Rainbow Mountain
with local angular discordance and locally are overlain by some upper
Fortymile rhyolite lavas. Lava flows have normal magnetic polarity; maximum
exposed thickness exceeds 200 m.

Tfs Rhyolite of Shoshone Mountain (Miocene)--Generally aphyric rhyolite lavas
and minor related tuffs containing rare plagioclase, sanidine, clinopyroxene.
and biotite. Erupted at about 10.3 Ma from southeast part of Timber
Mountain caldera complex:; normal magnetic polarity. Maximum exposed
thickness in map area 150 m.

Tfd Lavas of Dome Mountain (Miocene)--Interstratified trachybasalt, basaltic
trachyandesite, and trachyandesite lava flows that overlap the southern
topographic wall of Timber Mountain caldera complex. Lavas are
compositionally and mineralogically varied; basaltic rocks contain abundant
plagioclase, common olivine, and sparse clinopyroxene; trachyandesites contain
sparse to common clinopyroxene, rare olivine and orthopyroxene, and local
rare hornblende. Normal magnetic polarity; age older than 10.35 Ma, younger
than about 11 Ma. Maximum exposed thickness in map area about 200 m.

Tiy Younger intrusive rocks (Miocene)--Intrusive rhyolite and microgranite
porphyry emplaced in the southeast flank of Timber Mountain dome following
collapse of Ammonia Tanks caldera. Intrusive rhyolite is crystal-rich and
contains abundant alkali feldspar, common quartz, sparse biotite and
plagioclase, and sphene; strongly resembles rhyolite compositional zone of
Ammonia Tanks Tuff. Unit termed microgranite porphyry (Byers and others.
1976a) 1s very crystal rich syenite and contains very abundant sanidine,
abundant biotite, and common plagioclase and clinopyroxene. Rhyoite that
trudes the Rhyolite of Rainbow Mountain in the Bullfrog Hills is compiled
with this unit.

Tfr Rhyolite of Rainbow Mountain (Miocene)--Intercalated rhyolite and minor
dacite/trachyte nonwelded ash-flow tuff and subordinate lava flows, ash-fall
tuff, and tuffaceous sedimentary rocks. In the northern part of the Bullfrog
Hills unit is a thick (150 m), crystal-rich ash-flow tuff containing common
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plagioclase, quartz, sanidine, and biotite. Lava flows are predominant in the
southern Bullfrog Hills and contain common plagioclase and biotite, sparse
quartz, and local rare hornblende and clinopyroxene. The lowest lava flow is
equivalent to tuff in the northern Bullfrog Hills and contains sparse sanidine.
Rests with angular discordance upon older volcanic units; concordantly(?)
overlies proximal sedimentary rocks (breccia) of umit Tgx. Lavas have normal
magnetic polarity; age about 11 Ma. Maximum exposed thickness in map area
about 250 m. Equivalent to rhyolite lava flows and tuffs of Rainbow Mountain
of Maldonado and Hausback (1990).

Tfb Beatty Wash Formation (Miocene)--Post-caldera rhyolite lavas and related tuff
erupted from 11.4 to 11.2 Ma within moat of Timber Mountain caldera
complex. Includes rhyolite of Beatty Wash (normal magnetic polarity) and tuff
of Cutoff Road (anomalous reverse magnetic polarity), which contain common
sanidine and plagioclase, sparse to common biotite, local sparse hornblende,
local rare quartz, and common sphene. Rhyolite of Chukar Canyon subunit
contains petrographically similar tephras and mixed basalt-rhyolite pumice in
upper part. Quartz-poor character and abundance of sphene are diagnostic.
Unit includes overlying rhyolites of Max Mountain (reverse magnetic polarity)
and Boundary Butte, which contain sparse quartz phenocrysts. Lavas as much
as 300-430 m thick; tuff layers as much as 60 m thick.

Th Tuff of Leadfield Road--Grayish-orange-pink, nonwelded to partly welded ash-
flow tuff. Phenocrysts include common plagioclase, sparse sanidine,
hornblende, and clinopyroxene. Tuff contains as much as 20 percent red-
brown fragments of rhyolitic lava, ash-flow tuff, siltstone, and mudstone. Unit
only occurs in the western Bullfrog Hills (Maldonado, 1990). Thickness 275
m.

Tff Rhyolite of Fleur-de-lis Ranch (Miocene)--Post-caldera rhyolite lavas and
welded ash-flow tuff erupted at about 11.4 Ma on west side of Timber
Mountain caldera complex. Contains abundant plagioclase and biotite, sparse
clinopyroxene, and local sparse hornblende. Distinguished by abundance of
plagioclase and lack of sphene, especially in welded ash-flow subunits.
Magnetic polarity normal. Stacked lavas and welded tuffs as much as 300 m
thick. Includes rhyolite of West Cat Canyon.

Timber Mountain Group (Miocene)--Calc-alkaline assemblage erupted from
the Timber Mountain caldera complex between about 11.6 and 11.45 Ma.
Group is chiefly rhyolite ash-flow tuff and includes subordinate, related rhyolite
lava flows and domes that erupted before, between, and after emplacement of
ash-flow units. Eruption of the voluminous Rainier Mesa Tuff (11.6 Ma) and
Ammonia Tanks Tuff (11.45 Ma) resulted in collapse of the Rainier Mesa and
Ammonia Tanks calderas (Christiansen and others, 1977), which together form
the Timber Mountain caldera complex