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DACITE INTRUSIVE AND FLOW BRECCIA 13

Byers and others, 1976a). At Lithic Ridge the unit
rests on a thin, quartz-latitic ash-flow tuff that is simi-
lar petrographically both to the tuff penetrated near
the bottom of USW-G1 at 1,829 m (6,000 ft) and to
the quartz-latite lava at Bullfrog Mountain and at Tram
Ridge (figs. 1 and 10). In drill hole USW-G2, the Lithic
Ridge Tuff is underlain by altered quartz-latitic lava.
At the type locality at Lithic Ridge (fig. 4), the unit
is intruded by dacite plugs and dikes somewhat similar
petrographically to the dacite flow breccias that overlie
the unit in drill holes USW-G1, -H1, and —G2. In holes
UE25b-1 and J-13, a thin, bedded-tuff interval sepa-
rates the Lithic Ridge Tuff from the overlying Tram
Member of the Crater Flat. In exposures south of Skull
Mountain a thin ash-flow tuff, probably the Lithic
Ridge, is intercalated in tuffaceous sedimentary rocks
of Pavits Spring (Poole, Elston, and Carr, 1965) about
90 m (300 ft) below the base of the Bullfrog Member.

The Lithic Ridge Tuff at the type locality has about
3 percent phenocrysts and a few percent lithic frag-
ments in the lower part, and about 9 percent pheno-
crysts and 10 percent lithic fragments in the upper
part. The groundmass is white and zeolitic, and, in drill
cores from holes in Yucca Mountain, most of the tuff
is slightly to partially welded, zeolitized, and argillized.
Near the top, the tuff is moderately welded at Yucca
Mountain and contains 18 percent phenocrysts (fig. 8).
At the Pahute Mesa locality the Lithic Ridge is partly
vitric and contains well-preserved hornblende and
clinopyroxene. The lithic-fragment content generally
ranges from about 5 to 25 percent, and no occurrences
are known in which the lithic content is less than 3
percent.

The persistence of the lithic-fragment content and
the phenocryst assemblage make the Lithic Ridge Tuff
an excellent marker unit, readily identifiable from a
single thin section. The lithic-fragment assemblage is
marked by predominant pilotaxitic lava and subordinate
spherulitic rhyolite. The rhyolite contains brown crys-
tallite filaments that resemble hair under a magnifica-
tion of 100x. The felsic phenocryst ranges are unusual
and are similar to those of the underlying, cogenetic
rhyolite lava (fig. 6), and, moreover, at least five micro-
phenocrysts of sphene, or its alteration produets, occur
in every thin section. Rare hornblende occurs only as
microphenocrysts, in contrast to the greater abundance
and larger size of hornblende crystals in the tuff of
Yucca Flat and the Bullfrog Member of the Crater Flat
Tuff. Although the quartz content of the Lithic Ridge
overlaps slightly with that of members of the Crater
Flat Tuff, nearly all lithic-rich samples from the Tram
Member lack spherulitic lithics and have more quartz.
Quartz phenocrysts of the Bullfrog and Prow Pass

Members are not only more abundant than those in the
Lithic Ridge, but are highly resorbed as well.

As shown by exposures at Tippipah Point (fig. 5),
the Lithic Ridge Tuff is loosely bracketed between the
Redrock Valley Tuff, dated at 15.7 m.y., and the
Grouse Canyon Member, dated at 13.7 m.y. In Beatty
Wash, the Lithic Ridge rests on lavas dated at 13.9
m.y., so the age of the Lithic Ridge is about 13.8 m.y.

DACITE INTRUSIVE AND FLOW BRECCIA

Dacite (Spengler and others, 1981, p. 36 and fig. 4)
flow breccia was penetrated between the Tram Member
of the Crater Flat Tuff and the underlying Lithic Ridge
Tuff in holes USW-G1, -G2, -H1, -H5, and -H6, but
is absent in holes USW-G3, UE25b-1H, and J-13 (fig.
7). The dacite is thickest, about 250 m (800 ft), in drill
hole USW-HS6 (fig. 9). In holes USW-G1 and -H1 the
dacite flow breccia is about 120 m (400 ft) thick,
whereas in USW-G2 it is much thinner—about 35 m
(115 ft) thick. Lava is present in the interior of the
flow brececia. Thus, the unit thickens to the northwest
beneath Yucca Mountain and pinches out southeast-
ward.

The dacite intrusive plug that cuts the Lithic Ridge
Tuff (fig. 4) at Lithic Ridge is apparently truncated by
the present erosional surface, which may in part include
an exhumed surface older than the tuffs of Calico Hills.
The dacite intrusive rocks do not cut units younger
than the Lithic Ridge Tuff.

'The petrography of the dacite flow breccia pene-
trated in hole USW-G1 is shown graphically on figure
8. Phenocrysts constitute about 13 percent of the rock,
and 70 to 80 percent of the phenocrysts are plagioclase.
The remaining phenocrysts are all mafic, consisting of
about equal amounts of hornblende and clinopyroxene.
Apatite microphenocrysts, typical of lavas of inter-
mediate composition, are fairly common, and a few
grains of zircon occur in one of the thin sections. The
groundmass of the vitrophyre is perlitic, indicating an
intermediate to rhyolitic composition. Norms calculated
from chemical analyses of two samples of the flow brec-
cia in USW-G1 show 20 percent normative quartz
(Spengler and others, 1981), indicating the rock is da-
cite rather than andesite (O’Connor, 1965).

The dacite intrusive at Lithic Ridge was originally
mapped as andesite (Orkild and O’Connor, 1970), but
it is even more silicic than the flow breccia in the drill
holes and may actually be a rhyodacite. (See fig. 6.)
One thin section of the unit showed that phenocrysts
constitute only 8 percent and that about 60 percent of
the phenocrysts are plagioclase and the remaining 40
percent are mafic minerals. However, the mafic miner-
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als include about equal amounts of biotite and
hornblende and have subordinate orthopyroxene and
clinopyroxene, suggesting a slightly more silicic compo-
sition than that of the flow breccia penetrated in USW-
G1. Microphenocrysts of apatite are present but zircon
is rare. The phenocryst composition of the dacite plug
at Lithic Ridge is generally like that of some lavas of
the younger Wahmonie and Salyer Formations, but all
lavas of the Wahmonie are phenocryst-rich (Poole,
Carr, and Elston, 1965, p. A41-A43).

CRATER FLAT TUFF AND RELATED LAVA

The Crater Flat Tuff was named by Byers and others
(1976b) from exposures around Crater Flat. The best
exposure, near U.S. Highway 95 (fig. 9), includes the
Bullfrog and Prow Pass Members separated by a
monolithologic breccia of Bullfrog clasts in a matrix of
nonwelded Bullfrog tuff. The underlying Tram Mem-
ber, defined in this report, is not present at this local-
ity. A tuff that is exposed mainly in fault blocks be-
tween the north end of Crater Flat and Beatty Wash
was formerly correlated with the Bullfrog (Byers and
others, 1976b) but is now recognized as the Tram. Lo-
cally a lava flow, similar in phenoeryst mineralogy to
the Bullfrog, occurs between the Bullfrog and the Tram
in the area between Beatty Wash and Crater Flat (fig.
9; Byers and others, 1976b, fig. 4, p. 14).

The three ash-flow units of the Crater Flat Tuff are
present in drill holes on Yucca Mountain, in well J-13,
and at Mara Wash (fig. 11; Poole, Elston, and Carr,
1965). Although the presence of three ash-flow tuffs at
Mara Wash had been known for some time, Byers and
others (1976b, p. 10) regarded the middle tuff, now
known to be Bullfrog, as a local cooling unit. The lower-
most tuff unit at Mara Wash probably correlates with
the Tram.

TRAM MEMBER
TYPE LOCALITY

The Tram Member, the oldest ash-flow tuff of the
Crater Flat Tuff, is here named from exposures on the
north slope of Tram Ridge® (figs. 1, 12 and 13). The
type locality is designated as along Beatty Wash north-
eastward from the outcrops where the Tram Member
rests unconformably on the Lithic Ridge Tuff and on
the rhyolite and quartz latite lavas under the Lithic
Ridge (figs. 12 and 18). The top of the Tram is eroded
in the upthrown fault block northwest of the large, pos-

3«Tram Ridge” is a newly established geographic name that is not shown on older
topographic maps of the area.

sible caldera fault under Tram Ridge (fig. 13). On the
southeast side of this fault block, the Tram is over-
lapped by the Paintbrush and Timber Mountain Tuffs
(fig. 12). The large northeasterly trending possible cal-
dera ring fracture fault under Tram Ridge displaces the
Paintbrush but not the Timber Mountain Tuff.

The total thickness of the Tram Member is not
known at the type locality because of erosion on the
upthrown block and concealment by the Bullfrog Mem-
ber and younger rocks on the downthrown block, but
the minimum thickness is estimated with the aid of the
cross section shown on figure 13. The strike and dip
shown on figure 12, however, are not representative
of the entire exposure of the Tram along Beatty Wash.
The minimum thickness exposed is estimated to be at
least about 180 m (600 ft) including approximately 60
m (200 ft) of shard-rich nonwelded to partially welded
tuff in the lower part. The thickness of the Tram in
the downfaulted possible caldera block may be much
greater.

DRILL HOLE USW-G1

Drill hole USW-G1 at Yueca Mountain (fig. 9; Speng-
ler and others, 1981) penetrated the Tram Member
from 804.5 to 1,073.5 m (2,639.4-3,522.0 ft), a total
thickness of 269.0 m (882.6 ft). The Tram in hole USW-
Gl is overlain by a thin sequence of bedded tuff be-
neath the Bullfrog Member and underlain by bedded
tuff overlying the dacite flow breccia of USW-G1. The
lower half of the Tram in hole USW-G1 is nonwelded
to partially welded, and rhyolite, quartz latite, and da-
cite lava xenoliths constitute as much as 50 percent of
the rock. These xenoliths contain sparsely disseminated
pyrite, and the tuff matrix is locally zeolitic and argillic.
The upper half of the unit is partially to moderately
welded and devitrified and has only 3-5 percent lava
xenoliths. For a complete description of the Tram Mem-
ber penetrated in hole USW-G1, see Spengler and
others (1981, p. 17-18).

DISTRIBUTION AND THICKNESS

The Tram Member is distributed in an east-west pat-
tern from Mara Wash near Frenchman Flat to Daylight
Pass on the Nevada-California State line, where there
are at least two complete exposures of nonwelded to
partially welded Tram, 50 m (164 ft) or less in thick-
ness. Only the upper few meters of the nonwelded ash-
flow tuff are exposed at Mara Wash (fig. 11). The mem-
ber was penetrated in all the deep drill holes in the
Yucca Mountain area, including well J-13. In most of
the outerop exposures, the base of the unit is either
covered or cut out by faulting, except at the type local-
ity near Tram Ridge, where the top has been eroded.
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cores, but no bedded interval separates the two parts
in the drill holes. At Prow Pass, rare granitic xenoliths
were observed in the upper part, which is locally
welded and contains a basal vitrophyre 0.1 m thick.

The generalized phenocryst mineralogy of 14 ocutcrop
samples of the Prow Pass is shown on figure 6. Both
the Prow Pass and the Bullfrog contain 10 to 20 percent
phenocrysts, and both contain highly resorbed
(“wormy”) quartz phenocrysts. The feldspar ratio in the
Prow Pass is generally subequal, in contrast to plagio-
clase dominance in the Bullfrog, but there is some over-
lap. The main features that distinguish the Prow Pass
from the Bullfrog are its content of mudstone frag-
ments, as mentioned above, the presence of or-
thopyroxene phenocrysts, and the scarcity of biotite
and hornblende. Rare pilotaxitic lava xenoliths are also
found in the Prow Pass.

The age of the Prow Pass is bracketed by average
potassium-argon ages of 13.5 m.y. for the underlying
Bullfrog and 13.4 m.y. for the overlying tuffs of Calico
Hills (Marvin and others, 1970).

MAGNETIC PROPERTIES OF CRATER FLAT
TUFF AND SUBJACENT UNITS

Magnetic characteristics of welded tuffs and lava
flows can be useful in correlation of units, especially
where oriented drill core is available. Such data are
also necessary for interpretations of aeromagnetic maps
over complex volcanic rock terrain. Table 1 gives pre-
liminary data (courtesy of J. G. Rosenbaum, U.S.
Geological Survey) for some of the major pre-
Paintbrush Tuff units in the southwestern NTS area.
The samples are demagnetized drill core and oriented
outcrop samples.

The tuff of Yucca Flat has been determined to be
magnetically reversed (table 1). Drill cores from Yucca
Flat support this determination, but few measurements
of declination are presently available.

Remanent magnetism of the Lithic Ridge Tuff mea-
sured to date is variable; the remanence is apparently
weak and has a low inclination and an intermediate di-
rection. Lava flows underlying the Lithic Ridge and
the Tram, however, seem to have a consistently re-
versed direction, based on field measurements made
with a portable fluxgate magnetometer and on a few
oriented samples drilled and measured in the laborato-
ry. The dikes on Bare Mountain are also reversed.

The Tram Member has a relatively consistent re-
versed magnetization (table 1), even in outcrops that
are not densely welded, and is therefore easily distin-
guished from the Bullfrog and Prow Pass Members,
both of which have normal remanence.

CALDERAS RELATED TO CRATER FLAT TUFF
AND SUBJACENT UNITS

The principal purpose of this report is to revise the
stratigraphy of the Crater Flat Tuff, but new data and
geologic relationships also provide a perspective on
source areas and structural setting of the pre-
Paintbrush Tuff voleanic units in the southwestern NTS
area. Therefore, a brief discussion follows of the vol-
cano-tectonic history as it is presently understood.

The probable source area of the Crater Flat Tuff,
a large structural depression best expressed topo-
graphically in southern Crater Flat, is here named the
Crater Flat-Prospector Pass caldera complex (fig. 1).
The northern part of this feature, believed to be the
source of the Tram Member, is named the Prospector
Pass* caldera segment; the name is taken from a pass
between Beatty Wash and northern Crater Flat in
northwesternmost Yucca Mountain. (See Byers and
others, 1976b, fig. 4.) The northeastern part of the
Prospector Pass segment is truncated by the younger
Timber Mountain-Oasis Valley caldera complex.

Three main lines of evidence are significant in iden-
tifying structures associated with eruption of these
tuffs: (1) geophysical data, (2) distribution and thick-
ness of the ash-flow tuffs and their associated lava
flows, and (3) key geologic relations in the postulated
caldera area.

GEOPHYSICAL EVIDENCE

Many new geophysical data are available from recent
investigations of the region surrounding Yucca Moun-
tain. The most significant for volcano-tectonic interpre-
tation include gravity, magnetic, and seismic surveys.

Detailed gravity data show that Crater Flat itself is
a large compound gravity low (Snyder and Carr, 1982),
which is a southward extension of a regional low as-
sociated with several caldera complexes, including Si-
lent Canyon (Orkild and others, 1968) and Timber
Mountain (fig. 16). Although calderas do not invariably
produce distinct gravity lows, most calderas in south-
ern Nevada are areas of relatively low density crustal
rocks, including thick accumulations of tuff and al-
luvium. The absence of coherent Paleozoic and Protero-
zoic sedimentary rocks beneath the calderas can also
contribute to a negative gravity signature.

The gravity low at Crater Flat is elongate north-
south but is separated into north and south areas by
a septum across central Crater Flat (Snyder and Carr,

““Prospector Pass” is a newly established geographic name that is not shown on older
topographic maps of the area.



CRATER FLAT TUFF AND OLDER VOLCANIC UNITS, NYE COUNTY, NEVADA

TABLE 1.—Remanent magnetic directions of Crater Flat Tuff, Lithic Ridge Tuff, and Tuff of Yucca Flat

{Uncorrected for structural rotation)

Unit Number of Inclination Declination
localities Average Range Average Range

Crater Flat Tuff:

Prow Pass Member--- 5 +41° +35° to +48° 344° 1307° to 11°

Bullfrog Member---- 4 +37° +33° to +44° 3° 341° to 13°

Tram Member--—--—-—--— 7 -55° -43° to -75° 160° 144° to 181°
Lithic Ridge Tuff---- 4 2.450 +19° to -57° 234° 225.,5° to 248°
Tuff of Yucca Flat--- 2 (3 -13°, -32° (3 190°, 193°

! Some of the variation may be due to rotation of oriented core.

If one probably anomalous inclination is discarded,

the average inclination is +4°,

3 Because only two samples were obtained from outcrop, averades would have little

validity.
-27° and -45°, respectively.

1982). The general configuration of the low is like that
of a sector graben—a collapse segment on the flanks
of a voleanic edifice. However, the section penetrated
by drill hole USW-VH1 (Carr, 1982) in south-central
Crater Flat showed that it is unlikely the hole is in
a sector graben related to the Timber Mountain—-QOasis
Valley caldera complex; no unusual thickening of the
Paintbrush Tuff occurs, and it is not downfaulted to
great depths, at least not at USW-VHI. Gravity data
(Snyder and Carr, 1982) suggest there are more than
3,000 m (10,000 ft) of volcanic and Tertiary sedimentary
rocks in the Crater Flat depression. As drill hole
USW-VHI1 showed, the Paintbrush Tuff has a normal
thickness and lithology for the area, and the base is
at a depth of only 867 m (1,833 ft); therefore, the thick-
ening of the volcanic rocks must occur in the older
units.

Detailed, draped aeromagnetic surveys of the Crater
Flat area (U.S. Geological Survey, 1978, 1979), pro-
vided one of the first clues that some previous correla-
tions of Crater Flat Tuff units were incorrect. Study
of the aeromagnetic map also revealed several signifi-
cant anomalies (fig. 17), one of which was drilled to
762 m (2,500 ft) at USW-VHI. This circular positive
magnetic anomaly in southern Crater Flat, about 7 km
(4.3 mi) across, is thought to represent a resurgent
dome that formed in the caldera after eruption of the
Bullfrog Member (Carr, 1982, p. 8-9).

Aeromagnetic evidence for a possible caldera related

to the Tram Member in northern Crater Flat is not

Average inclinations in core from drill holes U339 and UE7ba in Yucca Flat are
Average declinations could not be determined from core.

definitive, but a general magnetic low is present in the
area, accentuated by strongly negative anomalies wher-
ever the Tram Member is exposed (U.S. Geological
Survey, 1978). Because of highly complex structure and
hydrothermal alteration, especially in the northern part
of the Prospector Pass segment, aeromagnetic and
other geophysical evidence of caldera structure is tenu-
ous.

Several kinds of seismic evidence support the concept
of a Crater Flat caldera complex. Multiple recordings
of seismic waves from nuclear explosions under Pahute
Mesa show traveltime delays of nearly 0.5 seconds
across Crater Flat, compared to the region south of
Crater Flat (W. D. Mooney and Lynn Hoffman, U.S.
Geological Survey, written commun., 1981). An unre-
versed seismic line recorded a shot from near Beatty
west-east across Crater Flat and Yucca Mountain (W.
D. Mooney, written commun., 1982); this method also
detected significant traveltime delays in Crater Flat.
The presence of lower velocity rocks in Crater Flat
supports the interpretation that a deep, tuff-filled de-
pression exists in that area.

DISTRIBUTION AND THICKNESS OF THE TUFFS

Isopach information presented earlier (figs. 11, 14,
and 15) clearly shows the geographic relation between
the probable source area in Crater Flat and the thick-
ness and distribution of the three members of the Cra-
ter Flat Tuff. The east-west elongation of distribution
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Further evidence for the Tram being post-Grouse
Canyon is the fact that the top of the Tram is well
exposed at several places between northern Crater Flat
and Beatty Wash, and no Grouse Canyon outcrops have
been found between it and the other Crater Flat Tuff
members. In contrast, the base of the Tram is exposed
in only one tiny area in the same region.

PRE-CRATER FLAT TUFF CALDERA

Drilling at Yucca Mountain revealed a thick sequence
of pre-Crater Flat tuff, including the Lithic Ridge Tuff.
In addition, several lava flows possibly associated with
the Lithic Ridge were penetrated by the drill holes
(figs. 7, 8, and 10). As the Crater Flat Tuff shows no
abrupt thickening in the area around drill holes USW-
G1 and USW-G2 that corresponds with a gravity low,
it is unlikely that these units are within their own
source area. Gravity data indicate (Snyder and Carr,
1982), however, that more than a kilometer of tuff is
present in this area beneath the bottom of the drilled
section. Obviously, some sort of volcano-tectonic
depression exists in the northwestern Yucca Mountain
area, but its origin and boundaries are largely un-
known. We suggest that the north-trending, slightly ar-
cuate fault system that lies just east of the drill holes
and the NTS boundary at Yucca Mountain may be an
expression of a reactivated ring-fracture zone, whose
depressed area may lie somewhere to the west of this
fault system (figs. 7 and 17). As there is little evidence
of ash-flow tuffs older than the Lithic Ridge in the
southwest NTS area, other than in the drill holes at
Yucca Mountain, the volume of these older units may
not have been large, and hence a well-defined caldera
may not have formed. However, the abrupt westward
thickening of pre-Tram dacitic lavas between drill holes
USW-G1 and USW-HS6 (fig. 9) suggests the possibility
that the Lithic Ridge caldera could lie just to the west
or northwest of Yucca Mountain, perhaps in the same
general area as the Prospector Pass cauldron segments.

If the Lithic Ridge Tuff is correctly identified at Pah-
ute Mesa (table 1), it is the only pre-Paintbrush Tuff
unit known to extend well north and south of lat 37°
N. (fig. 10). The tuff of Yucca Flat, however, does have
a distribution somewhat similar to that of the Lithic
Ridge, and it is quite possible it lies below the 1,829-m
(6,000-ft) depth drilled at Yucca Mountain. If the tuff
of Yucca Flat produced a caldera, it may lie north of
Yucea Mountain, partly within and concealed by the
younger Timber Mountain caldera complex.
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