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PRELIMINARY REPORT ON THE GEOLOGY AND GEOPHYSICS OF DRILL HOLE UE25a-1,
YUCCA MOUNTAIN, NEVADA TEST SITE

By

Richard W. Spengler, D. C. Muller, and R. B. Livermore

ABSTRACT

A subsurface geologic study in connection with the Nevada Nuclear Waste Storage Investigations
has furnished detailed stratigraphic and structural information about tuffs underlying north-
eastern Yucca Mountain on the Nevada Test Site. Drill hole UE25a-1 penetrated thick sequences
of nonwelded to densely welded ash-flow and bedded tuffs of Tertiary age. Stratigraphic units
that were identified from the drill-hole data include the Tiva Canyon and Topopah Spring Members
of the Paintbrush Tuff, tuffaceous beds of Calico Hills, and the Prow Pass and Bullfrog Members
of the Crater Flat Tuff.

Structural analysis of the core indicated densely welded zones to be highly fractured.

Many fractures show near-vertical inclinations and are commonly coated with secondary silica,
manganese and iron oxides, and calcite. Five fault zones were recognized, most of which
occurred in the Topopah Spring Member. Shear fractures commonly show oblique-siip movement and
some suggest a sizable component of Tateral compression.

Graphic Togs are included that show the correlation of lithology, structural properties,
and geophysical logs. Many rock units have characteristic log responses but highly fractured
zones, occurring principally in the Tiva Canyon and Topopah Spring Members, restricted log
coverage to the lower half of the drill hole.

INTRODUCTION

As a participant in the Nevada Huclear Waste Storage Investigations, the USGS (U.S. Geological
Survey) is providing technical assistance to identify and characterize suitable rock masses
for the safe storage of waste radionuclides on or near the NTS (Nevada Test Site). At the
request of DOE (U.S. Department of Energy), an exploratory drilling project was initiated in
July 1978, to evaluate subsurface characteristics of ash-flow and bedded tuffs in the vicinity of Yucca
Mountain, Area 25, NTS (fig. 1). Drill hole UE25a-1 was sited along the northeastern flank of
Yucca Mountain and cored to a depth of 2,500.6 feet (762.2 m). The specific objectives were
to:
Closely examine the subsurface stratigraphy and lithologic variations,
determine the distribution and nature of structural discontinuities,
obtain borehole geophysical measurements and natural-state samples, and

BHw N —

collect Timited hydrologic information, such as static water level and direction of
head change.
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Figure 1.--Index map of the Nevada Test Site and vicinity
showing the location of Yucca Mountain.



This report briefly summarizes some of the geologic aspects of Yucca Mountain and presents
a compilation of geologic, hydrologic, and geophysical data derived from the drilling program.
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GENERAL GEOLOGY OF YUCCA MOUNTAIN

Examination of the general physiographic features in or near the NTS (fig. 1) shows Yucca
Mountain as one of the major highlands located along the western edge of the NTS. Along its
northern limits, the highland extends northwestward to include Chocolate Mountain and Tow-lying
hills southeast of Beatty Wash, most of which occurs on the adjoining Nellis Air Force Bombing
and Gunnery Range.

This report is concerned principally with an area situated along or near the western NTS
border, specifically, south of the inferred boundary of the Claim Canyon caldron segment (fig. 2).
Bordered by Jackass Flats on the east and Crater Flat on the west, this area averages close to
6 miles (9.6 km) in width and 16 miles (25.7 km) in length and includes several isolated outcrops
surrounded by alluvium along the eastern and southern flanks. Here, elevations range from
4,951 feet (1,509 m) near the central part of the highland to about 3,000 feet (914.4 m) near
the southeastern flank.

Stratigraphy

Several widespread and voluminous ash-flow sheets are exposed in the Yucca Mountain area.
Table 1 shows the stratigraphic relations of major units exposed in the area and designates
those units encountered in the drill hole. These tuffs, which issued from source areas located
within the nearby Claim Canyon caldron and the Oasis Valley caldera (Christiansen and others,
1977), form a cogenetic sequence designated as the Paintbrush Tuff (Orkild, 1965). This forma-
tion attains thicknesses over 1,000 feet (304.8 m), and in many places consists of four ash-flow
members separated by thin ash-fall tuff beds.

The Tiva Canyon and Topopah Spring Members comprise the bulk of the Paintbrush Tuff and
are made up of thick compound cooling units, in which zonal patterns deviate from those
characteristic of uniform cooling (Smith, 1960). The members of the Paintbrush Tuff rocks are
predominantly crystal poor, rhyolitic in composition, and contain several well-developed zones
of dense welding which persist laterally as well as vertically. The thick welded zones commonly
contain an inner core characterized by 1ithophysal cavities. Cavities are nearly spherical and,
like the vesicles in basalt, are usually unconnected or poorly connected. Lithophysae are
commonly lined with secondary minerals.



Table 1.--General stratigraphy of Yucca Mountain in the vicinity of drill hole UE25a-]

Era System Series Formation Member or unit
Quaternary Holggeg?eistocene Alluvium and colluvium?
Pliocene Timber Mountain Tuff | Rainier Mesa Member
Tiva Canyon Member?
Yucca Mountain Member
Cenozoic | Tertiary Miocene Paintbrush Tuff "‘—“‘____—_‘_<‘p;ad8d tuff?

Pah Canyon Member ~—__

Topopah Spring Member?

§ Tuffaceous beds of Cal

jco Hills1, 2

Crater Flat
Tuff

Prow Pass Member!s?

Bul1frog Memberls?2

INot exposed in the immediate vicinity of drill hole.

2Encountered in drill hole.
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The zones of dense welding are generally underlain and overlain hy zones of partial welding
which, in turn, are enclosed within nonwelded zones of variable thickness (Smith, 1960). Varia-
tions in welding characteristics are generally transitional, whereas the contacts between ash
flows and underlying bedded tuffs are quite abrupt.

Two other ash-flow tuff members of the Paintbrush Tuff, the Yucca Mountain and Pah Canyon
Members, occur locally between the Tiva Canyon and Topopah Spring Members {Lipman and Christiansen,
1964; Orkild, 1965). These two units are generally confined to the northern part of Yucca
Mountain, where they wedge out in a southeasterly direction (Lipman and others, 1966; Lipman
and McKay, 1965). 1In many places thick sequences of bedded tuffs underlie each member.

Unconformably overlying the Paintbrush Tuff, usually along the downthrown side of major
faults, is the Rainier Mesa Member of the Timber Mountain Tuff. This tuff, which erupted from
the Timber Mountain area, is relatively thin everywhere in the Yucca Mountain area.

Isolated exposures of both the tuffaceous beds of Calico Hills and underlying Crater Flat
Tuff occur 5 miles (8 km) northwest of the drill-hole location directly south of the inferred
boundary of the Claim Canyon caldron segment.

Structure

Yucca Mountain is composed of a series of north-trending structural blocks, most of which
are tilted eastward. Along its eastern flank, rocks are fragmented into a system of horsts
and grabens outlined by steeply dipping normal faults that are generally concealed beneath talus
and stream gravels. Western fault-block margins display several prominent scarps, most of which
are shown on figure 2. North-trending faults show a systematic variation in both displacement
and concentration. Faults tend to decrease in number and displacement from the southern Timit
of Yucca Mountain northward to an east-west hinge line that coincides with lat 36°52' (Christiansen
and others, 1977). North of the hinge line, the faults again increase in number and magnitude
of displacement. Faulting is believed to have been active during a stage of broad doming of the
area which preceded collapse of the Timber Mountain caldera about 11.3 m.y. ago {Byers and
others, 1976).

A variation in structural style is evident immediately north in the inferred Claim Canyon
caldron segment. Here, north- to northeastward-trending structural blocks are broken into a
mosaic of smaller blocks by variously oriented faults. This style is inferred to be the result
of subsidence and resurgence within the Claim Canyon caldron during eruption of the Paintbrush
Tuff 12.5-13 m.y. ago (Byers and others, 1976).

On a regional scale, Yucca Mountain as well as most of the area incorporated within the
Timits of the NTS area lies along the projected trend of the Walker Lane and the Las Vegas Valley
shear zone (Locke and others, 1940; Longwell, 1960), one of tﬁe major crustal features of the
Basin and Range Province. Right-lateral deformation within the zone may have occurred before,
during, and after evolution of the caldera complex.

SUBSURFACE GEOLOGY OF DRILL HOLE UE25a-1
Location

Drill hole UE25a-1 was sited in a northwest-trending valley near the northeastern flank of
Yucca Mountain. This location is approximately 1,600 feet (488 m) southeast of the edge of an
area where detailed surface mapping and preliminary surface geophysical studies indicate a
relatively low density of faulting with maximum displacement generally on the order of a few tens
of feet (fig. 3) (Lipman and McKay, 1965). The area of interest, encompassing approximately
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4 square miles (10.4 km2), is situated along the east-west hinge line, between major faults so
as to avoid intersecting them at a depth above approximately 4,000 feet (1,219 m) (W. J. Carr,
written commun., 1978). Here, as in much of northern Yucca Mountain, major outcrops consist
of the upper portion of the Tiva Canyon Member. Topographic relief between the drill hole

and the top of the ridge, 1.4 miles (2.2 km) west, is about 900 feet (274 m). Foliation in the
rocks dips eastward from 7° to 10°.

Stratigraphy

The following section discusses a few of the salient features of major tuff units encountered
in the drill hole. A more detailed description of the lithology is given in table 3. In
descending order, stratigraphic units penetrated in the drill hole, along with their respective
thicknesses, are as follows:

Alluyium and colluvium 30 feet (9.1 m)
Tiva Canyon Member of the Paintbrush Tuff 240 feet (73.2 m)
Topopah Spring Member of the Paintbrush Tuff 1,093.9 feet (333.4 m)
Tuffaceous beds of Calico Hills 471.8 feet (143.8 m)
Prow Pass Member of the Crater Flat Tuff 497.5 feet (151.6 m)
Bullfrog Member of the Crater Flat Tuff 167.4 feet (51.0 m)

Alluvium and Colluvium

Prior to coring, the hole was drilled to a depth of 54.0 feet (16.5 m) and casing was
installed to the surface (table 2). Bit cutting samples, collected at 10-foot (3.1-m) intervals,
show alluvial deposits extending to a depth of 30 feet (9.1 m) below the surface. This material
is made up of gravel, sand, and silt consisting of tuff debris. Pebbles are commonly coated with
secondary calcium carbonate.

Paintbrush Tuff

The Tiva Canyon and Topopah Spring Members comprise over 50 percent of the core recovered
from the drill hole. The two units strongly resemble one another in lithology and petrography;
both are compound cooling units compositionally zoned upward from rhyolite to quartz Tatite
(Lipman and others, 1966).

Tiva Canyon Member.--The lower part of the Tiva Canyon Member, penetrated by the drill
hole, consists of 165.0 feet (50.3 m) of moderately to densely welded tuff. Most of the unit
is devitrified, although a few intervals show evidence of vapor-phase crystallization which

consists of microscopic intergrowths of alkali feldspar and tridymite in the collapsed cavities
of pumice Tapilli.

The unit grades downward into 22.0 feet (6.7 m) of nonwelded to partially welded, shard-rich
tuff. Within the interval, most of the pumice fragments appear pervasively altered to clay
minerals.
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Table 2.--Abridged drill-hole history of drill hole UE25a-1, Yucca Mountain, Nevada Test Site

Location: Tlat 36°51'05", long 116°26'24"

Nevada State Coordinates: N. 764,900 feet (233,142 m)
E. 566,350 feet (176,624 m)

Ground Elevation: 3,932.8 feet (1,198.7 m)

Drill Rig: Longyear L-441

Drill Hole Size: 17.50 inches 0-28 feet (0-8.5 m)
10.63 inches 28-54 feet (8.5-16.5 m)
6.25 inches 54-86 feet (16.5-26.2 m)
3.89 inches 86-1,297 feet (26.2-395.3 m)
2.98 inches 1,297-2,501 feet (395.3-762.2 m)

Circulating Media: Bentonite mud, ASP 611 F1{all-purpose liquid polymer by Nalco Chemical
Co.l) added Eeriodica]]y for lubrication. Lost circulation material
(Celloflake!) added when necessary.

Drilling Record: Spudded 6/25/78
Commenced coring 7/31/78 at a depth of 54.0 feet (16.5 m)
Completed coring 8/24/78 at a depth of 2,500.6 feet (762.2 m)
Completed logging 9/1/78

Remarks: HQ (3.89 in.) drill rods, outer core barrel, and core bit left in hole from 1,264.5
to 1,297.0 feet (385.4 to 395.3 m).

Well Site Geolcgists: M. J. Baldwin, R. M. Beathard, M. P. Chornack, E. P. Eshom, J. N. Hodson,
and T. Tomko.

lyse of brand names is for identification purposes only and does not constitute
endorsement by the U.S. Geological Survey.
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Table 3.--Lithologic log of drill hole UE25a-1

Thickness Depth to
. of bottom
Stratigraphic and lithologic description interval intgiva1
feet feet
(meters) (meters)
Alluvium, gravel, sand, silt consisting of ash-flow and ash-fall
EUFF debriS-mmmmmmmmm s m s e e e 30.0 30.0
Paintbrush Tuff (9.1) (9.1)
Tiva Canyon Member
Tuff, ash-flow, grayish-red, densely welded; white to dark-gray
pumice, devitrified, some vapor phase; 1-2 percent phenocrysts
(sanidine,quartz,biotite)~------m-mom-n- GRS 11.0 65.0
(3.4) (19.8)
Tuff, ash-flow, grayish-red, densely welded; white to dark-
gray pumice, devitrified; 1 percent sanidine, quartz,pheno-
crysts (contains sparse Tithophysal)----=-==m-=c-ccmmomammmnn . 7.0 72.0
(2.1) (22.0)
Tuff, ash-flow, grayish-red, densely welded; blackish-red
pumice, devitrified; 1 percent sanidine,quartz,phenocrysts----- 18.0 90.0
(5.5) (27.4)
Tuff, ash-flow, grayish-red pumice, densely welded, devitrified;
grayish-pink to pale-red pumice, devitrified, 5 mm, some as
large as 4 cm; 1 percent phenoCrysts------=mmemeocmmcamme e 14.0 104.0
(4.3) (31.7)
Tuff, ash-flow, grayish-red, densely welded, devitrified;
light-gray to blackish-red pumice, devitrified (some
vapor phase); 1-3 percent phenocrysts--------eemmcmmoccmmaoca 10.0 114.0
(3.0 (34.8)
Tuff, ash-flow, grayish-red, densely welded, devitrified;
medium-1ight-gray to dark-gray pumice, devitrified
(sparse vapor phase), 1-5 mm; 3 percent phenocrysts;
sparse rhyolitic 1ithic fragments. Interval contains a
zone from 152.0 to 164.6 feet (46.3-50.2 m) where several
large pumice fragments have been altered to red-brown
€1y oo o o e 59.0 173.0
(18.0 (52.7)
Tuff, ash-flow, grayish-red, pale-red, light-brownish-
gray, and medium-gray, moderately welded; pumice, vapor
phase crystallization; 1-2 percent phenocrysts; 2-3
percent volcanic lithic fragments--------cmcmmcmmmmeecmeceeee 22.0 195.0
(6.7) (59.4)
Tuff, ash-flow, moderate-yellow-brown, partially welded,
vitric, partly argillized; white to yellow-brown pumice, argillized;
1 percent phenocrysts,black and red volcanic lithic fragments;
contains yellow-brown glass shards----==--cmmemmcocmooaaoo 12.0 207.0
(3.7) (63.1)
Tuff, ash-flow, moderate-yellow-brown, nonwelded to partially
welded; grayish-orange-pink to pale-brown pumice, argillized;
1 percent sanidine and quartz phenocrysts; contains abundant
yellow glass shards---------ocmoomommm oo o }g:g) %éé:?)



Tabie 3.--Lithologic log of drill hole UE25a-1--Continued

Thickness Depth to
of bottom
, . . interval . of
Stratigraphic and lithologic description interval
feet feet
(meters) (meters)
Paintbrush Tuff--Continued:
Tiva Canyon Member--Continued:
Bedded tuff
Tuff, reworked ash-fall, very light gray to light-gray, poorly consoli-
dated; pumice, white to light-gray, argillized; less than 1 percent
phenocrysts, sparse biotite, 1-3 percent pale-red volcanic lithic
fragments--=-----=c-mmmmm oo 1.2 218.2
i . (0.4) (66.5)
Tuff, ash-flow, pale-red, nonwelded; white to gray pumice,
argillized, as large as 5 cm; 1-2 percent phenocrysts;
minor glass shards and bronze biotite---e-mmmmomemoemmoee 18.0 235.0
(5.5) (71.6)
Tuff, ash-flow, yellow-brown to pale-red-brown; yellow-brown
pumice, vitric, slightly argillized; 3-8 percent phenocrysts,
minor bronze biotite; rare red volcanic lithic fragments;
sparse black glass shards----=-=-=-eoemommommmoo 4.5 239.5
(1.4) (73.0)
Tuff, ash-fall and reworked ash-fall, grayish-orange, thick-
bedded, friable to partially indurated; white to light-
brown pumice, vitric (some pumice altered to clay); 1-3
percent phenocrysts (quartz, sanidine, biotite); 1-2 percent
red-brown volcanic lithic fragments-------cccocommmmmm . 30.5 270.0
(9.3) (82.3)
Topopah Spring Member
Tuff, ash-flow, pale-yellowish-brown, nonwelded; 90 percent pale-
yellowish-brown to grayish-orange pumice, vitric, blocky, 10
mn; less than 1 percent phenocrysts, 2-4 percent dark-gray to
red-brown volcanic lithic fragments, lower 1.0 foot (0.3m) grades
into moderately welded glassy zone---------ccoommommommomoo___ 5.6 275.6
(1.7) (84.0)
Tuff, ash-flow, grayish-red, densely welded (quartz latitic
caprock); vitric, contains 15-20 percent phenocrysts of sanidine,
plagioclase, biotite, and hornblende----------coooe____ 13.4 289.0
(4.1) (88.1)
Tuff, ash-flow, grayish-red, moderately welded; moderate-red
to grayish-red, vapor phase pumice; 5-8 percent phenocrysts,
sparse biotite-----=mcooomm 5.0 294.0
(1.5) (89.6)
Tuff, ash-flow, grayish-red, moderately to densely welded,
devitrified; pumice, grayish-red and white, vapor phase;
3-5 percent phenocrysts; contains highly fractured and
granulated zones at 301.4 and 304.7, 316.3-318.5, and
319.2-326.6 feet (91.9 and 92.9, 96.4-97.1, and 97.3- 52.0 346.0
(15.8) (105.5)

99.6 m) (zone of brecciation, with a s1ight indication
of clay at 298.0-328.0 feet (90.8-100.0 M)--m-mmmmececcuccemn

13




Table 3.--Lithologic log of drill hole UE25a-1--Continued

Thickness Depth to
of bottom
Stratigraphic and lithologic description interval intgiva1
feet feet
(meters) (meters)
Topopah Spring Member--Continued:
Tuff, ash-flow, pale-red to grayish-red, densely welded,
devitrified; very light gray to dark-gray and pale-red
pumice, devitrified (subordinate vapor phase crystalliza-
tion), as large as 5 cm in length; 8-10 percent phenocrysts----- 62.0 408.0
(18.9) (124.4)
Tuff, ash-flow grayish-red, densely welded, devitrified;
light-gray to pale-red pumice as large as 25 mm; contains
lithophysae as large as 25 mm in diameter lined with
quartz and feldspars (zone of highly broken and granulated
core at 409.6-426.0 feet (124.8-129.8 m), slight indication
of swelling clay)-----m---mm oo e oo 30.0 438.0
(9.1) (133.5)
Tuff, ash-flow, medium-Tight-gray, densely welded, devitrified;
very light gray to medium-1ight-gray and pale-brown pumice,
devitrified; 1 percent quartz and sanidine phenocrysts---------- 19.0 457.0
(5.8) (139.3)
Tuff, ash-flow, grayish-red, densely welded, devitrified;
pale-red and very light gray to medium-gray pumice,
devitrified (some vapor phase crystallization); 1 percent
phenocrysts; contains abundant 1ithophysae, as much as 5 cm
in diameter, lined with quartz and feldspars (two highly
granulated zones with a slight indication of clay at
581-521.0 and 525.0-529.0 feet (157.9-158.8 and 160.0-161.2 m)-- 174.0 631.0
(53.0) (192.3)
Tuff, ash-flow, very light gray to medium-1ight and grayish-
red-purple and grayish-orange-pink (mottled), densely
welded, devitrified; very light gray and pale-red pumice,
devitrified; less than 1 percent phenocrysts, rare biotite;
sparse lithophysae; sparse light-gray rhyolitic lithic frag-
ments; highly granulated zone with a slight indication of
clay at 665.8-672.4 and 708.9-718.4 feet (202.9-205.0 and
216.1-219.9 m) (highly brecciated at 718.4 ft (219.0 m))-——---—- 87.4 718.4
(26.6) (219.0)
Tuff, ash-flow, moderate-brown, densely welded, devitrified;
grayish-orange-pink pumice, devitrified, 1 mm-1 cm: 1 nercent
phenocrysts: sparse medium-gray rhyolitic lithic fragments------ zg.?) (;gz.g)
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Table 3.--Lithologic log of drill hole UE25a-1--Continued

Thickness Depth to
of bottom
Stratigraphic and lithologic description interval of
interval
feet feet
(meters) (meters)
Topopah Spring Member--Continued:
Tuff, ash-flow, moderate-brown and pale-red-brown (mottled),
densely welded, devitrified; medium-1ight-gray to medium-
gray pumice, devitrified, 1-10 mm; 1 percent phenocrysts;
minor 1ight-gray rhyolitic lithic fragments------ (?:g) (;gg:g)
Tuff, ash-flow, moderate-brown (pale-red-purple along fractures},
densely welded, devitrified; moderate-brown to pale-red-
purple pumice; 1 percent phenocrysts; sparse moderate-orange-
pink and very light gray volcanic lithic fragments; some
lithophysae, as much as 8 cm in diameter, rich in biotite, some
Tithophysae filled with clay and (or) zeolites------------cooouv 55.7 796.0
(17.0 (242.6)
TJuff, ash-flow, brownish-gray, partially to moderately welded,
devitrified; light-gray pumice, less than 10 mm, vapor phase
crystallization and devitrified (predominantly vapor phase);
1 percent phenocrysts==m=m-==m === e e 1.5 797.5
(0.5) (243.1)
Tuff, ash-flow, moderate-brown and grayish-red-purple (mottled),
densely welded; 1ight-gray and moderate-brown pumice, 1-5 mm,
devitrified; 1 percent phenocrysts; contains some grayish-red-
purple Tithophysae, as much as 10 cm in diameter, some cavities
lined with quartz, others partially filled with clay and (or)
20T teS=mmmmmmm e e e e e 11.7 809.2
(3.6) (246.6)
Tuff, ash-flow, grayish-red-purple, partially to moderately
welded; grayish-red-purple pumice, 1-20 mm, devitrified and
vapor phase crystallization; 1 percent phenocrysts;
(interval appears partially brecciated) (é:g) (glg:g)
Tuff, ash-flow, moderate-brown and medium-light-gray (slightly
mottled), densely welded, devitrified; medium-1ight-gray
pumice, devitrified, 1-20 mm; 1 percent phenocrysts; contains
sparse medium-1ight-gray lithophysae; increase in Tight-gray
rhyolitic 1ithic fragments as much as 10 cm in length----------- 102.1 912.3
(31.1) (278.1)
Tuff, ash-flow, pale-brown and light-brown (mottled), densely
welded, devitrified; light-gray pumice, devitrified, 1-20 mm;
1 percent phenocrysts; 3-4 percent 1ight-gray rhyolitic
lithic fragments, as large as 3 cm in length; rare lithophysae,
yellow brown, as much as 4 cm in diameter-----—---cmmmmmcacceoc 26.3 938.6
(8.0) (286.1)




Table 3.--Lithologic log of drill hole UE25a-1--Continued

Thickness Depth to
of bottom
Stratigraphic and 1ithologic description interval intgﬁval
feet feet
(meters) (meters)
Topopah Spring Member--Continued:
Tuff, ash-flow, pale-brown and moderate-brown (mottled), densely
welded, devitrified; 1ight-gray and 1ight-brown pumice,
devitrified, as large as 1 cm; 1 percent phenocrysts; 3-4
percent light-gray rhyolitic 1ithic fragments, 1-5 mm;
5-10 percent lithophysae, pale yellowish brown, as much as 10 cm
in diameter--—-- s o oo e e 13.4 952.0
(4.1) {290.2)
Tuff, ash-flow, pale-brown and moderate-brown (mottled),
densely welded, devitrified; light-gray and light-brown
pumice, devitrified, 1-10 mm; contains 20-30 percent Titho-
physae, pale yellowish brown, slightly argillized; 3-4 per-
cent light-gray rhyolitic 1ithic fragments, commonly 1-2 cm
in length, as large as 4 CM--~==--—ommommm o e 124.0 1,076.0
(37.8) (328.0)
Tuff, ash-flow, pale-brown to moderate-brown (mottled),
densely welded, devitrified; 1ight-gray to moderate-brown
pumice, devitrified, 1-20 mm; 1 percent phenocrysts (sanidine
and quartz); 4-5 percent rhyolitic lithic fragments, 1-5 mm,
as large as 5 cm; rare lithophysae, pale yellowish brown,
less than 5 c¢cm in diameter; highly granulated zone with
stight amount of clay at 1,118.0-1,123.5 feet (340.8-
342, 4 M) == mmmmm e m e e 53.0 1,129.0
(16.2) (344.1)
Tuff, ash-flow, light-brown and pale-brown (mottled), densely
welded, devitrified; pale-brown to gray pumice, devitrified,
1-10 mm; 1 percent sanidine and quartz phenocrysts; 5-10
percent light-gray rhyolitic ash flow and reworked lithic
fragments, 5-20 MmM----=--o oo oo oo e e 34.0 1,163.0
(10.4) (354.5)
Tuff, ash-flow, pale-brown, moderately to densely welded,
devitrified; pale-brown pumice (outer rims are moderate
orange pink), devitrified (some vapor phase crystallization);
1 percent phenocrysts of sanidine and quartz; 2-4 percent
light-gray rhyolitic and tuffaceous 1ithic fragments-------=---- 71.6 1,234.6
(21.8) (376.3)
Tuff, ash-flow, moderate-yellowish-brown, moderately to
densely welded, devitrified; pale-brown to moderate-brown
pumice, devitrified (occasional vapor phase), 2-30 mm;
rare light-gray rhyolitic lithic fragments, 1-5 mm, as
1arge as 3 Clfr=m = e s e e e e e e 27.4 1,262.0
(8.4) (384.7)
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Table 3.--Lithologic log of drill hole UE25a-1--Continued

Thickness Depth to

of bottom
i of
Stratigraphic and lithologic description interval interval
feet feet

{meters) (meters)

Topopah Spring Member--Continued:

Tuff, ash-flow, dark-yellowish-brown to yellowish-orange (altered),
moderately to densely welded, vitric, partiaily argillized, pale-reddish-
brown pumice, 1-10 mm; 2-3 percent volcani¢c lithic fragments;
contains abundant black glass shards in dark-yellowish-brown

altered ZOmeS-==—=- = oo e s 11.0 1,273.0
(3.4) (388.0)
Tuff, ash-flow, black, vitrophyre, glassy conchoidal fracturing;
contains abundant fractures; moderate-yellowish-brown
clay gouge along some fractures (clay zone from 1,295.3 to
1,296.2 ft (394.8 t0 395.1 M) )-mmmmmmmemm ool 44.2 1,317.2
(13.5) (401.5)
Tuff, ash-flow, 1ight-brown, partially welded, vitric;
moderate-brown pumice, devitrified or partially vitric, 1-20mm; less than ] per-
cent phenocrysts (sanidine, quartz); abundant moderate-
yellow glass shards; 2-3 percent moderate-dark-gray volcanic
lithic fragments, less than 5 mm--==-mcmecmcmmc e eeeeem 7.4 1,324.6
(2.3) (403.7)
Tuff, ash-flow, grayish-orange-pink to light-brown, nonwelded
to partially welded, devitrified; pale-brown pumice, partially devitrified,
less than 1 cm; Tess than 1 percent phenocrysts (sanidine,
quartz); 2-3 percent dark-medium-gray volcanic lithic
fragments; sparse dark-brown glass shards----=---------cuceeouuo 15.4 1,340.0
(4.7) (408.4)
Tuff, ash-flow, grayish-orange-pink, nonwelded; devitrified grayish-
orange-pink pumice; contains volcanic 1ithic fragments
as much as 6 €m in SizZe---=---==—mmmmem el 10.1 1,350.1
(3.1) (411.5)
Tuff, ash-flow, grayish-orange-pink to light-brown, nonwelded;
grayish-orange-pink pumice, devitrified, 3-15 mm; 1 percent
phenocrysts; 4-5 percent dark-brown rhyolitic Tithic
fragments as much as 20 mMM-===--===-=mmmmo e e oo 9.9 1,360.0
(3.0) (414.5)
Tuff, ash-fall and reworked, slightly indurated, upper 15 cm
contains lithic fragments as much as 2 cm in diameter,
grading downward in size and abundance-----==e=cemmmmmeeu e 3.9 1,363.9
(1.2) (415.7)
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Table 3.--Lithologic log of drill hole UE25a-1--Continued

Thickness Depth to’
of bottom
Stratigraphic and lithologic description interval intgiva]
feet feet
(meters) (meters)

Tuffaceous beds of Calico Hills

Tuff, ash-flow, light-brown to moderate-brown, moderate-reddish-
orange, and pale-reddish-brown, nonwelded, devitrified; pumice,
devitrified to slightly zeolitized, 5-40 mm; less than 1 per-
cent phenocrysts (sanidine, plagioclase, quartz, biotite);
less than 1 percent dark-reddish-brown volcanic 1ithic fragments;
ash-flow tuff intercalated with thin ash-fall and bedded tuffs
(slightly argillized and zeolitized) at 1,383.5-1,386.3, 1,492.0-
1,508.0, 1,582.4-1,585.5, 1,762.6-1,764.0, and 1,775.1-1,775.9
feet (421.7-422.5, 454.8-459.6, 482.3-483.3, 537.2-537.7, and

73 7. B S 425.1 1,789.0
(129.6) (545.3)

Tuff, bedded and reworked, pale-brown, moderate-red, light-
red, moderate-orange-pink, yellowish-gray, moderate-greenish-
yellow, and pale-olive, moderately to highly indurated;occasionally silicified;
interbedded ash flow, air fall, reworked and tuffaceous
sandstone; thickness of beds ranges from 0.05 to 3.0 feet
(0.02 to 0.9 m); white to gray and yellow pumice, slightly
argillizedand zeolitized; volcanic lithic fragments vary
from 2-20 percent (iron stained from 1,819.4 to 1,832.0

feet (554.6 t0 558.4 M) )--=--mmmmmmmmmm oo 46.7 1,835.7
(14.2) (559.5)

Crater Flat Tuff
Prow Pass Member
Tuff, ash-flow, light-brownish-gray and pale-yellowish-brown, non-
welded to partially welded, devitrified, gray to grayish-yellow pumice,
(upper 20 ft, 61 m argillized) 5-25 mm; 6-9 percent phenocrysts
(quartz, sanidine, plagioclase, biotite); 1 percent

volcanic lithic fragments------=---cmmmmmm e 9.4 1,845.1
(2.9 (562.4)
Tuff, ash-flow, light-olive-gray and light-gray, partially

welded; light-brownish-gray to brownish-gray pumice,

devitrified, 3-25 mm; 7-10 percent phenocrysts

(sanidine, plagioclase, quartz, trace of biotite); 1

percent dark-brown volcanic and red-brown mudstone

Tithic fragments----=----mmmm e o e 51.9 1,897.0
(15.8) (578.2)
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Table 3.--Lithologic Tog of drill hole UE25a-1--Continued

Thickness Depth to

. of bottom
interval of

interval
feet feet

{meters) (meters)

Stratigraphic and lithologic description

Crater Flat Tuff--Continued:
Prow Pass Member--Continued:

Tuff, ash-flow, light-brownish-gray to medium-gray, nonwelded
to partially welded, devitrified; pumice, white, vapor
phase, 1-25 mm; 7-12 percent phenocrysts (quartz, sanidine,
trace of biotite); less than 1 percent volcanic and red-

brown mudstone Tithic fragments-----=----ccceococmcmmomm 52.8 1,949.8
{16.1) (594.3)

Tuff, ash-flow, pale-red-brown to moderate-red-brown (iron-
oxide staining), moderately welded, devitrified; light-
gray pumice with reddish-brown rims, vapor phase, 5-20 mm;
10 percent phenocrysts (sanidine, plagioclase, quartz,
biotite; 2 percent black volcanic and red-brown mudstone

Tithic fragments-=-=----ommm oo ool 64.2 2,014.0
(19.6) (613.9)

Tuff, ash-flow, grayish-orange-pink and pale-greenish-
yellow, partially welded, partially devitrified;
pumice, 5-15 mm, devitrified; 9-10 percent phenocrysts
{sanidine, plagioclase, quartz); 14 percent dark-brown

volcanics and red-brown mudstone lithic fragments--------ccwemeo- 95.5 2,109.5
(29.1) (643.0)

Tuff, ash-flow, yellowish-gray to dusky-yellow, moderately
welded, vitric; white to light-gray
and yellowish-gray pumice, 5-25 mm 10-15 percent pheno-
crysts (quartz,plagioclase, sanidine); 2 percent gray
and red-brown volcanic and red-brown mudstone lithic

fragments; interval is moderately silicified------cmmmomcocaaann 12.5 2,122.0
(3.8) (646.8)

Tuff, ash-flow, pale-greenish-yellow to yellowish-gray,
partially welded, devitrified; white to grayish-yellow
pumice, devitrified (slightly zeolitic), 5-20 mm; 10-15
percent phenocrysts (quartz, plagioclase, sanidine,
trace of biotite); 2-3 percent dark volcanic and red-
brown mudstone 1ithic fragments; interval is slightly
to moderately silicified (zones at 2,125.4-2,126.3,
2,158.4-2,162.0, and 2,177.0-2,178.0 feet (647.8-648.1,
657.9-659.0, and 663.5-663.8 m) are highly silicified

and partially vitric)smmm-cemmmomommeo o 166.0 2,288.0
(50.6) (697.4)




Table 3.--Lithologic 1og of drill hole UE25a-1--Continued

Thickness Depth to
. of bottom
Stratigraphic and lithologic description Tnterval intgiva1
feet feet
(meters) (meters)
Crater Flat Tuff--Continued:
Prow Pass Member--Continued:
Tuff, ash-flow, grayish-pink to moderate-orange-pink and
yellowish-gray, nonwelded to partially welded, slightly
zeolitized; grayish-yellow and moderate-greenish-yellow
pumice, devitrified, slightly argillized, 1-20mm; 4-6 percent
phenocrysts (plagioclase, sanidine, quartz)’; 2-6 percent
red-brown mudstone and volcanic lithic fragments; lithic
fragments increase toward base of interval; thin-bedded
air-fall marks base of unit from 2,331.4 to 2,333.2 feet
(710.6 to 711.2 m), light-brown and yellowish-gray, fine
ash, devitrified, highly indurated-----------=----m-mccmoocunmn 45.2 2,333.2
(13.8) (711.1)
Bullfrog Member
Tuff, ash-flow, pale-yellow-brown to pale-brown, and 1ight-
olive-gray, partially to moderately welded, devitrified;
grayish-orange-pink and medium-gray pumice, vapor phase
crystallization 1-20 mm; 10-15 percent phenocrysts (quartz,
sanidine, plagioclase, hornblende, black and bronze biotite);
less than 1 percent volcanic lithic fragments-----~----------- 167.4 2,500.6
(51.0) (762.2)
Total depth--~--------- 2,500.6
(762.2)
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